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STATEMENT OF TRANSLATIONAL RELEVANCE 74 

Prediction of the clinical course remains a challenge in pediatric pilocytic astrocytomas (PAs), 75 

and long-term tumor control can be difficult to achieve. We here for the first time provide 76 

evidence that the senescence-associated secretory phenotype (SASP) mediates oncogene-77 

induced senescence (OIS) in pediatric PA, which is thought to drive unpredictable growth 78 

behavior. We here show that a high SASP sum score is associated with favorable progression-79 

free survival (PFS) independent of tumor resection status. We identify two distinct patient 80 

cohorts, one with high or intermediate SASP and complete resection (100% 3-year PFS), and 81 

one with low SASP and incomplete resection (0% 3-year PFS). This is of high clinical interest, as 82 

the SASP sum score could have the potential to inform clinical decision making, a priori 83 

identifying a) patients with complete resection that never progress and b) patients with 84 

incomplete resection that always progress. Finally, harnessing the SASP therapeutically could 85 

improve tumor control.  86 
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ABSTRACT 87 

Purpose: Pilocytic astrocytoma (PA) is the most common childhood brain tumor, characterized 88 

by constitutive MAPK activation. MAPK signaling induces oncogene-induced senescence (OIS), 89 

which may cause unpredictable growth behavior of PAs. The senescence-associated secretory 90 

phenotype (SASP) has been shown to regulate OIS, but its role in PA remains unknown.  91 

Experimental Design: The patient-derived PA cell culture model, DKFZ-BT66, was used to 92 

demonstrate presence of the SASP and analyze its impact on OIS in PA. The model allows for 93 

doxycycline-inducible switching between proliferation and OIS. Both states were studied using 94 

gene-expression profiling (GEP), Western blot, ELISA, and cell viability testing. Primary PA 95 

tumors were analyzed by GEP and multiplex assay. 96 

Results: SASP factors were up-regulated in primary human and murine PA and during OIS in 97 

DKFZ-BT66 cells. Conditioned medium induced growth arrest of proliferating PA cells. The 98 

SASP factors IL1B and IL6 were up-regulated in primary PA, and both pathways were regulated 99 

during OIS in DKFZ-BT66. Stimulation with rIL1B but not rIL6 reduced growth of DKFZ-BT66 100 

cells and induced the SASP. Anti-inflammatory treatment with dexamethasone induced regrowth 101 

of senescent cells and inhibited the SASP. Senescent DKFZ-BT66 cells responded to senolytic 102 

pan-BCL inhibitors. High IL1B and SASP expression in PA tumors was associated with favorable 103 

progression-free survival. 104 

Conclusions: We provide evidence for the SASP regulating OIS in pediatric PA, with IL1B as a 105 

relevant mediator. SASP expression could enable prediction of progression in PA patients. 106 

Further investigation of the SASP driving the unpredictable growth of PAs, and its possible 107 

therapeutic application, is warranted. 108 

109 
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INTRODUCTION   110 

Pilocytic astrocytoma (PA), WHO grade I, is the most frequent pediatric brain tumor (1). 111 

Activation of mitogen-activated protein kinase (MAPK) signaling by genetic aberration is 112 

detectable in nearly all cases (2, 3). Activating KIAA1549:BRAF-fusions are the most common 113 

alterations of the MAPK pathway in PAs (60-80%) (4, 5). PA tumors are characterized by slow 114 

growth without invasive properties or tendency to progress to high-grade malignancies (6, 7). 115 

However, the growth dynamics of PAs remain clinically unpredictable. In case of complete 116 

resection the 10-year event-free survival is 85%, while it is 52% or 18% in patients with subtotal 117 

or partial resection, respectively (8). Most events occur within the first few months after surgery, 118 

but regrowth of seemingly stable tumors can be observed for up to 12 years later (8).   119 

This unpredictable clinical course possibly results from variable activity of oncogene-induced 120 

senescence (OIS), a tumor-suppressive mechanism induced by aberrant MAPK activation (9, 121 

10). OIS prevents proliferation of malignant cells by triggering cell cycle arrest (11). The resulting 122 

growth arrest is thought to be the reason why long-term primary cultures of PAs are notoriously 123 

difficult to handle, consequently hampering the establishment of representative PA models. 124 

Establishment of patient-derived xenograft (PDX) models has been unsuccessful as a 125 

consequence of both OIS and replicative senescence. Expression of truncated BRAFV600E by 126 

RCAS-mediated gene delivery in mice induced PA-like tumors (12), which stop growing at some 127 

point and are typically not lethal. Furthermore, BRAFV600E overexpression in human neural 128 

stem cells was shown to induce initial transformation but subsequent growth arrest (10). Another 129 

murine glioma model of PA was established by transduction of either BRAFV600E or the 130 

KIAA1549:BRAF fusion in TP53 null murine neural progenitor cells (13). We have generated the 131 

first BRAF-fusion positive PA cell line derived from patient tumor material, DKFZ-BT66, by 132 

reversibly interfering with two important pathways for OIS, CDKN2A/RB1 and TP53/CDKN1A, 133 

via doxycycline-inducible expression of the SV40 large T antigen (14). This model faithfully 134 

recapitulates the molecular biology of KIAA1549:BRAF-fusion positive pediatric PAs, and 135 

enables not only the characterization of MAPK signaling under the endogenous KIAA1549:BRAF 136 

fusion, but also the analysis of OIS and its regulating signaling pathways in PA. 137 

Markers of OIS such as SA-β-Gal positivity and up-regulation of CDKIs (p16, p21) have been 138 

described in primary PA tumors (9). The proliferative index, measured by Ki-67 staining, is 1-2% 139 

in PAs on average (15), but might be higher during the initial growth phase. OIS is possibly one 140 

of the reasons for this low proliferation rate. We have shown that elevated OIS gene expression 141 
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profile (GEP) scores in pediatric PA correlate with favorable progression-free survival (PFS) 142 

(14), pointing toward a role of OIS in maintenance of clinically stable disease.  143 

OIS has been shown to depend on a complex inflammatory network, the senescence-associated 144 

secretory phenotype (SASP), in fibroblast models (16, 17). In these models OIS was overcome 145 

by interfering with cytokine signaling pathways (18, 19). Secretion of SASP factors is known to 146 

induce and maintain growth arrest, thereby limiting tumor progression of benign neoplasms (18). 147 

In addition, the secreted cytokines attract immune cells, leading to clearance of growth-arrested 148 

genetically altered cells (20). However, the resulting shift in tissue microenvironment also has 149 

deleterious effects. Some secreted cytokines are proangiogenic and thereby can enhance 150 

growth of neighboring cells (21, 22). Thus, the SASP can have both cancer suppressive as well 151 

as cancer promoting effects depending on the biological context. Elevated expression of 152 

miRNAs targeting genes involved in NF-kB and inflammatory signaling (23) indicate presence of 153 

the SASP in pediatric PA, but the precise role of the SASP and its mediating factors in pediatric 154 

PA is hitherto unknown.  155 

The identification of factors regulating OIS in PA could help understand the mechanisms 156 

controlling the unpredictable growth behavior of PA tumors. This knowledge could enable both 157 

prediction of the clinical course as well as possible therapeutic interference with specific factors 158 

or pathways. Here we provide evidence of mediation of OIS by the SASP and one of its factors, 159 

IL1B, in pediatric PA and postulate that the SASP is a clinically relevant factor for stable disease 160 

in PA. 161 

  162 
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MATERIALS AND METHODS 163 

Cell culture 164 

DKFZ-BT66 cells (passages 8-17), containing the doxycycline-inducible SV40 large T antigen, 165 

were cultured and viability and cell counts were measured as described in (14). The identity of 166 

the cell line was confirmed by Multiplex Cell Line Authentication (MCA) test and it was proven to 167 

be free of mycoplasma or viral contamination by Multiplex cell Contamination Test (McCT) assay 168 

(http://www.multiplexion.de) (24). After generation of the cell line in our lab, the cells were tested 169 

for contamination (10/2015), aliquoted and frozen. From these stocks cells in culture were tested 170 

with Venor®GeM Classic (cat. no. 11-1250, Minerva biolabs, Berlin, Germany) for mycoplasma 171 

once a month. Normal Human Astrocytes (NHA) primary cells (passage 2) (obtained 06/2017, 172 

cat. no. CC-2565, LONZA, Basel, Switzerland) were cultured in AGM Astrocyte Growth Medium 173 

BulletKit (cat. no. CC-3186, LONZA) and tested for mycoplasma contamination monthly with the 174 

MycoAlert Mycoplasma Detection Assay (cat. no. LT07-318, LONZA). 175 

Drugs and cytokines 176 

Water soluble dexamethasone (cat. no. D2915, Sigma-Aldrich, St. Louis, MO, USA) was 177 

dissolved in sterile water and stored at -20°C. Anakinra (Kineret 150 mg/ml, Sobi, Stockholm, 178 

Sweden) and tocilizumab (RoActemra 20 mg/ml, Hoffmann-LaRoche, Basel, Switzerland), both 179 

dissolved in sterile water, were stored at 4°C. Recombinant IL1B and IL6 (cat. nos. 201-LB-005 180 

and 206-IL-010, R&D Systems, Minneapolis, MN, USA) were dissolved in sterile PBS containing 181 

0.1% BSA and stored at -80°C. Navitoclax (ABT-263, cat. no. 11500, Cayman chemical, Ann 182 

Arbor, MI, USA), ABT-737 (cat no. ab141336, Abcam, Cambridge, UK), dasatinib (cat. no. 183 

S1021, Selleckchem, Houston, TX, USA), quercetin (cat. no. S2391, Selleckchem), vincristine 184 

sulfate (cat. no. S1241, Selleckchem) and trametinib (GSK1120212, cat. no. A3018, ApexBio, 185 

Houston, TX, USA) were dissolved in DMSO. Carboplatin (cat. no. S1215, Selleckchem) was 186 

dissolved in sterile water. All drugs were dissolved as described and stored in aliquots at -80°C. 187 

Drugs and cytokines were diluted in cell culture medium and added to the cells for the durations 188 

and concentrations indicated. 189 

Gene expression profiles (GEPs) 190 

Generation of GEPs was performed as described previously (3). Briefly, GEP of patient samples 191 

as well as the DKFZ-BT66 cell line was done on Affymetrix U133 Plus 2.0 expression arrays, 192 

while GEP of the murine PA model was done on Affymetrix Mouse Genome 430 2.0 arrays. 193 

Expression values from patient data was MAS5 normalized. Expression values of the cell line as 194 
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well as the murine PA model were RMA normalized and log2-transformed. In case of multiple 195 

probe-sets per gene, the probe-set with highest overall expression was selected. All GEP 196 

datasets will be made publically available upon publication of the manuscript. GEP datasets 197 

used to identify OIS-controlling candidate genes were E-NCMF-12 (human 198 

fibroblasts/BRAFV600E, n=20) (18), E-NCMF-13 (human fibroblasts/BRAFV600E, n=16) (18), 199 

GSE54402 (human fibroblasts/HRASG12V, n=10) (25), GSE46801 (primary human 200 

melanocytes/BRAFV600E, n=9) (26), GSE41318 (human fibroblasts/RAS, n=6) (Acosta et al., 201 

unpublished), and GSE60652 (human fibroblasts/RAS, n=4) (27). 202 

In vivo mouse model 203 

Murine PA tumors were induced using the RCAS/Tv-a system as described before (12). Briefly, 204 

DF-1 cells expressing RCAS BRAFV600E were injected into the cerebral hemisphere of 205 

neonatal Nestin Tv-a (Ntv-a) mice. Age-matched non-injected Ntv-a mice were used as controls. 206 

Mice were sacrificed 5-6 weeks after injection and tumor tissue was isolated. All animal 207 

procedures were performed according to protocols approved by the German authorities 208 

(Regierungspräsidium Karlsruhe; G-69/13, DKFZ342). 209 

Senescence-associated ß-galactosidase (SA-ß-Gal) staining 210 

SA-ß-Gal staining was performed as described previously (14). 211 

Conditioned medium (CM) 212 

For conditioning of media, DKFZ-BT66 cells were seeded with or without doxycycline. Cell 213 

numbers for seeding were adjusted to end up with similar numbers (n= 2x106) after five days of 214 

culturing accounting for proliferating versus senescent cells. The cell number was chosen 215 

according to ELISA results for an estimated secretion of at least 100 pg/ml of IL1B at day five. 216 

Medium was changed on day three and collected on day five, resulting in two days of 217 

conditioning. Collected medium was centrifuged and filtered (0.22µm). Freshly collected CM was 218 

supplemented with doxycycline and added every second day to DKFZ-BT66 cells.  219 

Microscopy 220 

Bright field pictures were taken as described before (28).  221 

RNA isolation, cDNA synthesis and quantitative reverse transcription real-time PCR (RT-222 

qPCR) 223 
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RNA extraction, cDNA synthesis and RT-qPCR were conducted as described previously (14). 224 

QuantiTect primers used are given in supplementary table 1.  225 

Enzyme linked immuno-sorbent assay (ELISA) 226 

Cytokine concentrations were measured via ELISA Kits for IL1B (cat. no. DLB50, R&D Systems) 227 

and IL6 (cat. no. D6050, R&D Systems). ELISA experiments were performed according to 228 

manufacturer’s instructions. Supernatant was centrifuged before use and stored at -80°C. 229 

Cytokine concentrations (pg/ml) were normalized to cell counts in each well (cell number/ml) 230 

resulting in cytokine concentration/cell (pg/cell). 231 

Western blot 232 

Western blots were performed as described previously (28). Antibodies and corresponding 233 

membranes are given in supplementary table 1. Depicted blots are always representative of a 234 

least three replicates. 235 

Cytokine measurement in primary tumors by multiplex assay ("Luminex") 236 

Fresh frozen tumors and one normal fetal brain sample (1-3 mm3) were lysed by Bio-Plex® Cell 237 

Lysis Kit (Bio-Rad, Hercules, CA, USA) according to the manufacturer’s protocol. Total protein 238 

concentrations were determined by Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific, 239 

Waltham, MA, USA) and normalized to 1 mg/ml. n=27 different cytokines/chemokines 240 

(consisting of n=14 SASP factors and n=13 non-SASP factors) were analyzed in one sample 241 

according by Bio-Plex Pro™ Human Cytokine 27-plex Assay (Bio-Rad) to the manufacturer’s 242 

protocol. Clinical parameters are summarized in supplementary table 2. 243 

Metabolic activity 244 

Measurement of metabolic activity was performed in 96-well flat bottom black opaque wall plates 245 

(Corning) after 72 hours of treatment using CellTiter-Glo One Solution assay (cat. no. G8461, 246 

Promega, Madison, WI, USA) following manufacturer´s instructions. DKFZ-BT66 cells were 247 

seeded five days before treatment with 500 cells/well plus doxycycline 1µg/ml (cat. no. sc-248 

337691, Santa Cruz, Dallas, TX, USA) and 8000 cells/well without doxycycline. NHA cells were 249 

seeded 24 hours before treatment with 4000 cells/well. Luminescence was detected by 250 

FLUOstar OPTIMA automated plate reader (BMG Labtech). 251 

Statistics and bioinformatics 252 
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For the generation of the OIS-controlling candidate gene list, six publicly available gene 253 

expression data sets (GEO: GSE54402, GSE46801, GSE60652, GSE41318, ArrayExpress: E-254 

NCMF12, E-NCMF13) were used. For each data set separately, up-regulated genes in the OIS 255 

condition were ranked according to their moderated t-statistic based on the empirical Bayes 256 

approach (29) as implemented in the Bioconductor package limma (30). In case a gene was 257 

represented by multiple probes, the probe with the strongest effect was selected. Consistently 258 

up-regulated genes across data sets (n=332) were identified with the rank-product approach 259 

(31), which is the geometrical mean of ranks. This analysis was based on the overlap of genes 260 

measured in each data set. Significance of rank-product was tested according to (32). P-values 261 

were adjusted to control the false discovery rate using Benjamini-Hochberg correction.  262 

The limma approach (30) was used to test for differential gene expression. Gene set enrichment 263 

analysis (GSEA) for SASP genes (17) was performed using the camera test (33). For GSEA the 264 

most specific probe set per gene was selected using the jetset algorithm (34). All analyses were 265 

performed with statistical software R 3.4. 266 

Ingenuity pathway analysis was conducted for the 332 genes according to the user manual. A 267 

list of the correlating genes for each pathway was generated (n=36 genes in total). 268 

The expression level of the 332 genes selected from public GEPs, the IPA pathway genes and 269 

the SASP genes were analyzed in pediatric and adult PA patient samples (n=182) (suppl. table 270 

4, GEO: GSE16011 (35), GSE5675 (36)) and compared to the corresponding expression level in 271 

unmatched normal fetal cerebellum samples (n=5) from non-patients (GEO: GSE44971 (37)) 272 

using the R2 web-based genomics analysis and visualization platform (http://r2.amc.nl). The 273 

dataset will be made publicly available in R2 upon acceptance. Finally, only genes were 274 

considered, which could be targeted by a small molecule inhibitor or antibody and overlapped in 275 

all three candidate gene lists. 276 

In vitro experiments were performed in a minimum of three biological replicates. All data is 277 

presented as mean ± SD. Testing for statistical significance of differences between two groups 278 

was done by unpaired Student´s t-Test with Welch´s correction, with p-values below 0.05 279 

considered as significant. Graphs were generated using GraphPad Prism version 5.01 and 280 

Microsoft Powerpoint 2010 for Windows. 281 

PFS was defined as time from diagnosis to recurrence or death, whichever occurred first. 282 

Distribution of PFS was estimated with the method of Kaplan and Meier and compared between 283 

groups with the log-rank test. Univariate and multivariate Cox Regression models were used to 284 
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estimate the hazard ratio and corresponding 95% confidence interval of prognostic factors. IL1B 285 

log2-expression and SASP sum score were standardized to give the hazard ratio per one 286 

standard deviation increase. Groups were based on median cut-off (IL1B) or tertiles (SASP). 287 

  288 
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RESULTS  289 

SASP factors are up-regulated in primary PA, during OIS in PA cells and induce growth 290 

arrest 291 

We analyzed mRNA expression of the SASP factors in human PA patient samples (n=182) and 292 

compared it to normal brain (n=5) by means of gene expression microarrays. The SASP gene 293 

set, as defined by Coppé (17), was significantly up-regulated in human PAs (Fig. 1A). Likewise, 294 

the SASP gene set was significantly up-regulated in a murine in vivo PA model expressing a 295 

BRAFV600E mutation (12) (n=8) compared to healthy mice of the same age (n=8) (Fig. 1B). 296 

Using the same approach we analyzed the regulation of the SASP gene set in OIS versus 297 

proliferation in our PA cell line, DKFZ-BT66. The OIS state in DKFZ-BT66 was defined at five 298 

days after doxycycline withdrawal, coinciding with enlarged cell morphology, SV40 large T 299 

antigen protein degradation, cell cycle arrest, and up-regulation of markers of senescence such 300 

as p21 as described previously (14). Comparison of the SASP gene set in OIS versus 301 

proliferation showed a significant up-regulation of the SASP gene set overall (Fig. 1C), with 302 

38/62 (61%) of the SASP factors significantly up-regulated (Fig. 1D, suppl. table 3). To 303 

determine the secretory nature and the functional relevance of the SASP for the induction of OIS 304 

in PA, conditioned medium (CM) experiments were conducted. CM of either senescent or 305 

proliferating DKFZ-BT66 cells was administered to proliferating DKFZ-BT66 cells together with 306 

doxycycline for continuous induction of SV40 large T antigen expression. While cells treated with 307 

CM from proliferating PA cells continued to grow, treatment with CM from senescent cells 308 

induced growth arrest (Fig. 1E) as well as an enlarged cell morphology characteristic for 309 

senescence (11) (Fig. 1F). Taken together these data suggest that the SASP is up-regulated in 310 

human and murine PA as well as in our PA cell line, is secreted during OIS in DKFZ-BT66 cells 311 

and is sufficient to induce growth arrest of proliferating cells. 312 

 313 

Identification of the OIS-controlling candidate genes IL1B and IL6 in pediatric PA 314 

As the composition of SASP factors differs depending on tissue and cell type (16), we next 315 

investigated which SASP factors as well as other OIS-controlling genes are expressed in 316 

pediatric human PAs. In order to identify specific OIS-controlling genes for pediatric PA, we 317 

collected and generated three candidate gene lists of relevant OIS and SASP genes (Step 1), 318 

investigated the expression of these genes in primary human PA samples (Step 2) and 319 

generated a final candidate gene list after accounting for consensus in the three candidate gene 320 
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lists as well as druggability (Step 3) (Fig. 2A). 321 

The first candidate gene list (“SASP genes”) consists of the SASP genes published by Coppé 322 

(n=62 genes) (17), accounting for the published SASP genes. The second candidate gene list 323 

(“Published OIS genes”) was generated by screening publicly available GEP datasets from six 324 

human OIS models (including RAS or BRAFV600E transduced fibroblasts and primary 325 

melanocytes) for genes up-regulated in all 6 datasets (n=332 genes). This list accounts for 326 

genes up-regulated in independent general OIS models.  The third gene list ("Top IPA pathway 327 

genes”) was generated by identifying the top signaling pathways up-regulated in the “Published 328 

OIS genes”  set performing ingenuity pathway analysis (IPA) and including all genes related to 329 

the respective pathways (n=36 genes). This list additionally adds all genes related to the 330 

pathways up-regulated in OIS, which may not have been included on a single gene basis. In 331 

step 2 the expression of all three candidate gene lists (“SASP genes”, “Published OIS genes”, 332 

“Top IPA pathway genes”) was analyzed in n=182 PA samples (suppl. table 4) and compared to 333 

n=5 normal brain samples, in order to identify the candidate genes relevant to PA. In a third 334 

step, we filtered for consensus candidate genes (n=5), by omitting all genes that did not appear 335 

in all three candidate gene lists. Finally, for experimental as well as therapeutical purposes, only 336 

genes which could be targeted by a small molecule inhibitor or antibody were considered, 337 

resulting in a PA-specific OIS-controlling candidate gene list of n=3 genes (IL1B, IL6, 338 

TNFRSF1B) (Fig. 2A and B). The candidates were validated in the murine in vivo PA model (12) 339 

and found to be up-regulated compared to healthy control animals (Fig. 2C). The PA tumors 340 

induced by BRAFV600E expression in neural progenitor cells showed up-regulated expression 341 

of CDKN2A on mRNA level compared to healthy controls (suppl. Fig. 1A), and cells derived from 342 

the PA tumors were positive for SA-ß-Gal staining (suppl. Fig. 1B). These data indicate that the 343 

murine PA model indeed displays markers of senescence and SASP expression. 344 

While the increased mRNA expression was validated by gene expression profiling in DKFZ-345 

BT66 in OIS for all three OIS-controlling candidate genes (Fig. 2D), RT-qPCR during OIS 346 

induction could confirm the mRNA increase only for IL1B and IL6 but not for TNFRSF1B (Fig. 347 

2E). IL1B and IL6 are both secreted into the supernatant, as detected by ELISA (Fig. 2F). Up-348 

regulation of IL1A/B and IL6 has previously been described in other senescence models in 349 

fibroblasts (18, 38-40), human epithelial cells (16), BRAFV600E transduced human melanocytes 350 

(18), and prostate epithelial cancer cells (16), suggesting that IL1B and IL6 are important 351 

regulators of OIS. We therefore focused on IL1B and IL6 as OIS-controlling candidate genes in 352 

PA in the further analyses. 353 
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 354 

IL1 and IL6 signaling pathways are present and regulated during OIS in PA 355 

As we detected up-regulation and secretion of IL1B and IL6 during induction of OIS, we next 356 

aimed at elucidation of their function during OIS in PA. In a first step, the expression and 357 

activation of the IL1B and IL6 signaling cascades were determined in DKFZ-BT66 and in primary 358 

pediatric PA tumors. The IL1R1 receptor is expressed on mRNA and protein level in DKFZ-BT66 359 

cells (Fig. 3A and B), but no significant regulation was detected. While the activity of IL1B 360 

signaling is regulated by a variety of mechanisms, its receptor is indeed rarely up-regulated in 361 

disease models (41). To determine activation of the IL1 pathway, protein expression of the 362 

downstream targets IRAK1 and phosphorylation of p65 was investigated. IRAK1, the interleukin-363 

1 receptor-associated kinase 1, is phosphorylated and degraded upon activation of the IL1 364 

pathway (42). Degradation of IRAK1 was indeed observed after induction of senescence and 365 

subsequent growth arrest in DFKZ-BT66 cells (Fig. 3B). NF-kB, a transcription factor highly 366 

associated with OIS has been shown to be an important regulator of the SASP (43, 44). 367 

Activation of NF-kB was assessed by phosphorylation status of p65, which increased after OIS 368 

induction in DKFZ-BT66 cells (Fig. 3B). In conclusion, the IL1 pathway is active during OIS in the 369 

DKFZ-BT66 cell model. 370 

The IL6Ra receptor is expressed on mRNA and protein level in DKFZ-BT66 cells (Fig. 3C and 371 

D). While no significant changes were observed on mRNA level (Fig. 3C), the protein levels 372 

decreased during OIS induction (Fig. 3D). It has been described that long-term activation of the 373 

IL6 pathway initiates a negative feedback loop, leading to internalization and degradation of 374 

IL6Ra (45). In parallel we detected reduction of IL6 signaling during OIS induction in DKFZ-BT66 375 

cells as measured by reduced phosphorylation of the downstream target STAT3 (p-STAT3) in 376 

comparison to initial levels (Fig. 3D). Activation of the IL6 pathway leads to phosphorylation of 377 

STAT3 within minutes (46), while long-term activation  induces negative feedback and leads to 378 

down-regulation of p-STAT3 (47). We conclude that the initial activity of the IL6 pathway is 379 

down-regulated in our PA cell culture model, possibly due to continuous IL6 secretion during 380 

induction of OIS and subsequent growth arrest.  381 

Expression of IL1B and IL6 protein was analyzed in n=22 pediatric PA samples and one normal 382 

brain sample by multiplex assay and both cytokines were detected in every sample (Fig. 3E).  383 
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Taken together, these data indicate that the IL1 as well as the IL6 pathway is regulated during 384 

OIS in our PA model, but only the IL1 pathways remains activated while a negative feedback 385 

regulation of the IL6 pathway is observed. Both cytokines are present in primary pediatric PA. 386 

 387 

IL1B but not IL6 signaling reduces proliferation of PA cells and induces SASP expression 388 

After observing elevated IL1B and IL6 levels during OIS, we next determined the role of both 389 

cytokines for OIS induction. Increasing concentrations of recombinant cytokines rIL1B and rIL6 390 

were used to actively stimulate both pathways in proliferating DKFZ-BT66 cells. 391 

Treatment with rIL1B resulted in significant reduction of proliferation of DKFZ-BT66 cells in a 392 

concentration dependent manner, without affecting cell viability (Fig. 4A, suppl. Fig. 2). 393 

Increasing concentrations of rIL1B above 100 pg/ml could not maximize the resulting growth 394 

reduction. The IL1 pathway was activated by rIL1B treatment, evident by degradation of IRAK1 395 

as well as elevated protein levels of the precursor form of IL1B (31 kDA) (Fig. 4B). Elevation of 396 

IL1B due to de novo translation after positive feedback activation has been described previously 397 

(48). Of note, the maximum reduction of both proliferation and of IRAK1 protein was seen at the 398 

same concentration of rIL1B (100 pg/ml), indicating a strong correlation between IL1 pathway 399 

activity and cell proliferation. On the contrary, no significant effect on proliferation of DKFZ-BT66 400 

cells was detected upon treatment with rIL6 (Fig. 4C). The IL6 pathway was indeed activated 401 

after short-term treatment with rIL6, as observed by elevated phosphorylation of STAT3 in a 402 

concentration dependent manner, excluding unsuccessful stimulation of the pathway (Fig. 4D). 403 

As the SASP is a complex mixture of inflammatory signaling molecules acting in a concerted 404 

fashion, we tested if combination treatment of rIL1B and rIL6 has an additional or synergistic 405 

effect on cell proliferation. Co-treatment resulted in a significant down-regulation of cell growth in 406 

comparison to solvent control, however depending only on the concentration of rIL1B (Fig. 4E). 407 

Addition of rIL6 in increasing concentrations did not lead to additional reduction in cell growth.  408 

The IL1 pathway was active for the entire duration (up to day 20) of the experiment as detected 409 

by IRAK1 degradation (Fig. 4F). SV40 large T antigen was expressed throughout the experiment 410 

and its downstream signaling resulted in reduced expression of p21 (Fig. 4F). Thus, the 411 

inhibitory effect of IL1B on cell proliferation is not based on alterations in SV40 large T antigen 412 

and subsequent p21 expression. As previously described SA-β-Gal cannot be used as 413 

senescence marker in DKFZ-BT66 (14). However, enlarged cellular morphology characteristic 414 
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for senescence was observed after treatment with rIL1B (Fig. 4G). Additionally, significant up-415 

regulation of the SASP factors was determined by GEP under treatment with rIL1B (Fig. 4H).  416 

In summary, IL1B, but not IL6, induces growth arrest of proliferating PA cells, and IL1B induces 417 

senescent morphology and up-regulation of the SASP factors. We conclude that IL1B plays an 418 

important role in induction of SASP-mediated OIS in PA.  419 

 420 

Interference with inflammatory signaling, but not with IL1 signaling alone, leads to 421 

suppression of the SASP and growth of senescent PA cells 422 

Having identified IL1B as important for senescence induction, we next assessed the role of IL1B 423 

for OIS maintenance. Senescent DKFZ-BT66 cells were treated with anakinra, an antagonist of 424 

the IL1 receptor. OIS-induced growth arrest could not be circumvented by treatment with 425 

anakinra alone, as determined by cell counts over the course of 20 days (Fig. 5A). IL1B 426 

signaling was inhibited, as shown by rescued IRAK1, pro-IL1B and p-p65 levels (Fig. 5B). 427 

Pharmacological inhibition of the IL1 signaling pathway alone therefore cannot bypass OIS in 428 

our model, similar to reports in other OIS models (18).  429 

As inhibition of single SASP factors did not suffice to overcome growth arrest of PA cells in OIS, 430 

we attempted to bypass OIS by treatment with dexamethasone, a broad anti-inflammatory drug, 431 

known to inhibit the SASP (49, 50). Treatment of senescent DKFZ-BT66 cells with 100 nM 432 

dexamethasone for 20 days resulted in a significant increase in cell proliferation compared to 433 

solvent control (Fig. 5C). Exemplary for SASP factors, dexamethasone strongly inhibited the IL1 434 

pathway as determined by rescued protein levels of IRAK1 (Fig. 5D). Treatment of DKFZ-BT66 435 

cells in OIS with dexamethasone for five days led to a significant reduction in expression of 436 

SASP factors as determined by GEP, illustrated in the GSEA (Fig. 5E). IPA analysis of the GEPs 437 

revealed IL1B as the top upstream regulator, predicted to be inhibited under dexamethasone 438 

treatment (suppl. table 5). Importantly, of the top five upstream regulators identified by IPA in 439 

either senescent DKFZ-BT66 cells treated with dexamethasone or in proliferating DKFZ-BT66 440 

cells treated with rIL1B, 4/5 were identical (IL1B, TREM1, TNF, NF-kB complex) and regulated in 441 

an opposite fashion (inhibition vs. activation) (Fig. 5F). This suggests similar SASP pathways to 442 

be involved in IL1B-induced senescence and reversal of senescence by dexamethasone, in an 443 

opposite manner. In summary these data indicate that bypass of SASP-mediated OIS-induced 444 

growth arrest is possible by inhibiting multiple SASP pathways with an anti-inflammatory drug in 445 

PA cells. 446 
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 447 

IL1B and the SASP are expressed in primary PAs and predict favorable progression-free 448 

survival independent of tumor resection status 449 

The SASP as well as IL1B play a significant role in the regulation of OIS in our PA cell model 450 

and could mediate the variable growth behavior of pediatric PAs observed clinically. In order to 451 

assess the clinical relevance of our findings we analyzed the expression of IL1B and the SASP 452 

in primary pediatric PA samples. Using a multiplex assay, all n=14 SASP factors present in the 453 

assay were detected in primary PAs on protein level (suppl. Fig. 3). To test for a correlation 454 

between SASP factor mRNA expression and clinical outcome in PA patients, the ICGC PedBrain 455 

PA cohort (n=112 patients; survival data available for 110/112 patients (98.2%) (3), for 456 

annotations see suppl. table 4) was analyzed for expression of IL1B as well as by means of a 457 

SASP sum score (SASP score), which sums up the expression levels of all SASP factors for one 458 

patient. Increased expression of IL1B alone (both as continuous or grouped variable according 459 

to median cut-off) predicted favorable prognosis (e.g. continuous variable: HR=0.4, 95%Cl 0.24-460 

0.69, p=0.0008; n=110 patients, suppl. table 6). IL1B remained a factor for good prognosis in a 461 

multivariate analysis after accounting for other significant prognostic factors such as extent of 462 

tumor resection (HR=0.37, 95%Cl 0.18-0.75, p=0.0056; n=90 patients, suppl. table 6) or 463 

radiation therapy (HR=0.35, 95%Cl 0.15-0.77, p=0.0079; n=75 patients, suppl. table 6). 5-year 464 

progression-free survival (PFS) was 85% in the "IL1B high" group versus 46% in the "IL1B low" 465 

group, and survival differed significantly (log-rank test) (Fig. 6A). Similarly, patients with a higher 466 

SASP score (continuous variable) had a significantly more favorable PFS (HR=0.56, 95%CI 467 

0.34-0.93, p=0.026, n=110 patients; suppl. table 6). The prognostic effect of the SASP score 468 

remained significant in a multivariate analysis after accounting for other significant prognostic 469 

factors such as extent of resection (HR=0.36, 95%CI 0.16-0.82, p=0.01; n=90, suppl. table 6) or 470 

radiation therapy (HR=0.19, 95%CI 0.06-0.52, p=0.0006; n=75 patients, suppl. table 6), or both 471 

(HR=0.19, 95%CI 0.03-0.72, p=0.0100; n=58 patients, suppl. table 6). When patients were 472 

grouped into three groups according to SASP score tertiles, the 5-year PFS was 48% for the 473 

"SASP low" group, 61% for the "SASP intermediate" group and 90% for the "SASP high" group, 474 

and survival differed significantly (log-rank test) (Fig. 6B). Since resection status is a strong 475 

prognostic factor we analyzed PFS separately for either gross total resection (GTR) or sub-total 476 

resection (STR). The 5-year PFS was 100% for patients with GTR in the "SASP high" and 477 

“SASP intermediate” group versus 63.3% in the "SASP low" group, and survival differed 478 

significantly (log-rank test) (Fig. 6C). On the contrary, patients with STR in the "SASP low" group 479 

showed a particularly poor 2- and 3-year PFS of 52% and 0%, respectively (Fig. 6D).  480 
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In conclusion, SASP factors are expressed on mRNA and protein level in primary pediatric PAs. 481 

Elevated mRNA expression of SASP factors correlates with a high probability to remain 482 

progression-free, and low expression of SASP factors correlates with a high risk of recurrence, 483 

especially in sub-totally resected cases. 484 

Senescent DKFZ-BT66 cells are more responsive to senolytic pan-BCL inhibitors than 485 

proliferating cells  486 

The low proliferation index observed in PAs (15) suggests that most of the tumor cells persist in 487 

a senescent state and thus are unlikely to respond to standard chemotherapeutic agents relying 488 

on cell division for their effect. To investigate the targetability of senescence in PA, we 489 

performed a drug screen in DKFZ-BT66 cells in OIS and proliferation testing single agents and 490 

combination treatments of several senolytic agents, standard of care chemotherapeutics and a 491 

MEK inhibitor. Senescent DKFZ-BT66 cells showed increased sensitivity to navitoclax and ABT-492 

737 (both pan-BCL inhibitors) in comparison to proliferating cells. We did not observe elevated 493 

sensitivity to the combination of dasatinib and quercetin (Fig. 7A-C), as has been previously 494 

described for other senescent cells (51). Primary human astrocytes, which served as control, 495 

responded at high concentrations only (suppl. Fig. 4A-G). No significant response to carboplatin, 496 

vincristine or trametinib was detected in senescent DKFZ-BT66 cells (Fig. 7D-F). In contrast to 497 

carboplatin, vincristine reduced metabolic activity in proliferating DKFZ-BT66 cells. As the SV40 498 

large T antigen inhibits p53 signaling in proliferating DKFZ-BT66 cells, carboplatin cannot induce 499 

p53-dependent apoptosis. Therefore the lack of effect is expected and due to the specifics of 500 

this model, but not indicative of resistance. An increase in metabolic activity in both proliferating 501 

and senescent DKFZ-BT66 cells was observed under trametinib treatment, as we have 502 

described before (14).  503 

Navitoclax is currently being tested in several clinical trials and was evaluated as safe and well 504 

tolerated with dose-dependent thrombocytopenia as major adverse event (52). We therefore 505 

investigated the combination of navitoclax with standard of care treatment for PA patients. In our 506 

screen, we observed additive effects in the combination treatments compared to carboplatin, 507 

vincristine or trametinib alone. No antagonistic effect was detected (Fig. 7G-I). Similar results 508 

were observed for ABT-737 in combination treatments (suppl. Fig. 4H-J). In conclusion, addition 509 

of a pan-BCL inhibitor to the standard of care treatment regimen for PA patients could help 510 

eradicate senescent PA cells, which do not respond to chemotherapy and might be the source of 511 

tumor recurrence or progression at a later time point.   512 
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DISCUSSION 513 

We here present data showing that the SASP mediates OIS in pediatric PA, and that one of the 514 

SASP factors, IL1B, significantly contributes to OIS induction. In line with our hypothesis that 515 

SASP mediates OIS and modulation of OIS plays a role in the growth dynamics of primary PA 516 

tumors, we provide evidence that expression of IL1B alone as well as overall expression of 517 

SASP factors defines PA patient cohorts with highly differing outcome. This data supports and 518 

extends upon our previous findings showing that high expression of an OIS gene signature 519 

predicts good prognosis in PA patients (14). 520 

In the present study, SASP factors were found to be up-regulated in primary human as well as 521 

murine PA tumors. Upon induction of OIS in the cell line DKFZ-BT66, we detected significant up-522 

regulation of the SASP factors. The SASP genes have indeed been described to be regulated 523 

on a transcriptional level (53). Our approach revealed two cytokines, IL1B and IL6, as candidate 524 

SASP factors specific for OIS regulation in PA. Indeed, upon induction and throughout OIS the 525 

IL1 pathway was activated, while OIS induction led to increased IL6 expression, which in short-526 

term leads to activation of the IL6 signaling pathway. However, increased IL6 expression was 527 

followed by down-regulation of IL6 signaling over time in OIS, in line with known mechanisms of 528 

negative feedback for IL6 (45). Both cytokines have already been described to play an important 529 

role in OIS (18, 38). The activation of NF-kB downstream of IL1B leads to the transcription of 530 

many SASP factors, including IL1B itself, reinforcing OIS (43, 54). We were able to recapitulate 531 

the IL1 autocrine feedback activation in our model during OIS and upon rIL1B treatment. While 532 

stimulation of the IL1 pathway alone significantly reduced growth of proliferating DKFZ-BT66 533 

cells and induced SASP gene expression as well as the OIS-characteristic cell morphology, 534 

treatment with IL6 had no effect on cell proliferation. Conversely, inhibition of the IL1 signaling 535 

pathway using the receptor antagonist anakinra was not sufficient to circumvent growth arrest in 536 

our PA model. Indeed, it has previously been shown in fibroblast OIS models that 537 

pharmacological inhibition of single inflammatory pathways did not lead to bypass of OIS (18). 538 

Our results underline the importance of the IL1 pathway as part of the SASP for the induction of 539 

OIS in PA cells, but also indicate that IL1B acts in concert with other SASP factors, since 540 

inhibition of a single SASP factor in the presence of all other SASP factors was not sufficient to 541 

overcome OIS. Treatment with the broad anti-inflammatory drug dexamethasone, however, 542 

induced proliferation, exemplary inhibition of the IL1 pathway, and suppression of the SASP in 543 

DKFZ-BT66 cells in OIS. These results are in line with previously published data indicating that 544 

the SASP is inhibited by glucocorticoids (49, 50). As dexamethasone is a drug commonly used 545 

in pediatric clinical practice, this result is potentially of high clinical relevance. Taken together, 546 
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these results demonstrate that the SASP plays a significant role in induction and maintenance of 547 

OIS. While induction of a senescent phenotype can be mediated by single factors such as IL1B 548 

in the absence of other SASP factors, the effect of the full SASP on OIS cannot be reversed by 549 

affecting single pathways, but only by treatment with e.g. broad anti-inflammatory drugs such as 550 

dexamethasone. Follow-up studies are warranted to assess the clinical impact of the use of anti-551 

inflammatory (and immunosuppressive) drugs such as e.g. dexamethasone in pediatric PA 552 

patients. 553 

Analysis of mRNA expression of the SASP in primary PA revealed an improved PFS for patients 554 

with a high IL1B as well as high SASP factor expression, independent of extent of tumor 555 

resection and radiation. This was particularly striking in two patient populations: 1) none of the 556 

patients with high and intermediate SASP factor expression and GTR had a tumor progression, 557 

2) patients with STR and low SASP expression always progressed. These results could 558 

potentially have an impact on the therapeutic management and follow-up (FU) of these patient 559 

groups: 1) patients with a high or intermediate SASP sum score and GTR could potentially have 560 

longer FU intervals or even a shorter FU period overall, 2) patients with initially subtotal 561 

resection and low or intermediate SASP sum score could benefit from a complete re-resection or 562 

possibly adjuvant therapy, to improve their PFS. The prognostic significance of the SASP sum 563 

score of course needs to be validated first in a prospective manner in upcoming clinical trials. 564 

An intriguing aspect only partially explored in this study is the prospect of therapeutical 565 

exploitation of the SASP and OIS. Senolytic agents showed activity specifically in senescent PA 566 

cells, while having no relevant effect on normal cells. This avenue could be exploited to 567 

specifically target dormant senescent PA cells not amenable to conventional chemotherapy.  568 

Although our data is characterized in the DKFZ-BT66 cell line, and at least partially validated in 569 

primary human and murine PA tumors, it would be highly desirable to validate the cell line data 570 

in further PA cell lines with either BRAF fusions or other MAPK alterations. The current lack of 571 

appropriate models beyond DKFZ-BT66 prevents reproduction in a second cell line, and as such 572 

represents a limitation of this study, highlighting the urgent need for new additional models at the 573 

same time.  574 

In summary, our data demonstrate presence of the SASP in PA, and its relevance as a strong 575 

regulator of PA tumor growth. The SASP can induce growth arrest in proliferating PA cells, while 576 

suppression of the SASP by anti-inflammatory treatment leads to bypass of growth arrest. The 577 

SASP factor IL1B is an important but not the singular mediator of OIS induction. The clinical 578 
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relevance of the SASP is demonstrated by outcome prediction by the SASP sum score, as well 579 

as IL1B expression alone, independent of resection status.   580 
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FIGURE LEGENDS: 587 

Figure 1. Up-regulated SASP factors in pediatric pilocytic astrocytoma cells induce 588 

growth arrest. A) Barcode plot of gene set enrichment analysis (GSEA) depicting significant up-589 

regulation of the SASP genes in PA patient samples (n=182) versus fetal normal brain (n=5). B) 590 

Barcode plot of GSEA depicting significant up-regulation of the SASP genes in the murine PA 591 

model (n=8) versus normal brain of healthy mice of the same age (n=8). C) Barcode plot of 592 

GSEA depicting significant up-regulation of the SASP genes in DKFZ-BT66 cells in OIS versus 593 

proliferation. D) Volcano plot depicting all probe sets regulated in DKFZ-BT66 during OIS, as 594 

compared to proliferation. E) Cell count of proliferating DKFZ-BT66 cells treated with conditioned 595 

medium (CM) every second day from DKFZ-BT66 cells in proliferation (blue) or OIS (red), 596 

supplemented with doxycycline (1 µg/ml) for 20 days. Depicted are mean +/- SD of three 597 

independent experiments. Significant differences are indicated as * p<0.05 (Student´s t-Test). F) 598 

Light microscopic comparison of DKFZ-BT66 cells grown under CM from proliferating or 599 

senescent (OIS) DKFZ-BT66 cells (as in E) at day 20. 600 

 601 

Figure 2. Validation of OIS-controlling candidate genes in pediatric pilocytic astrocytoma. 602 

A) Graphical workflow: in step 1, OIS-controlling candidate genes were identified from published 603 

SASP factors (n=62), from publicly available OIS datasets (n=332), and related up-regulated IPA 604 

pathway genes (n=38). In Step 2 the candidate gene lists were screened for genes up-regulated 605 

in primary PA, as compared to normal brain. In step 3, a final OIS-controlling candidate gene list 606 

was generated by filtering for consensus in all three datasets and for druggability (n=3). B) 607 

Boxplot of log2 mRNA expression of the final OIS-controlling candidate genes in primary PAs 608 

(n=182) versus normal brain (NB) (n=5), analyzed in R2. Depicted are median (black bar), 609 

quartiles (box), median +/- 1.5 IQR (interquartile range) (whiskers), and outliers (circles). C) 610 

Boxplot of log2 mRNA expression of OIS-controlling candidate genes in the murine PA model 611 

(n=8) versus normal brain (NB) of healthy control mice (n=8). Depicted are median (black bar), 612 

quartiles (box), median +/- 1.5 IQR (interquartile range) (whiskers), and outliers (circles). D) 613 

Boxplot of log2 mRNA expression of OIS-controlling candidate genes in DKFZ-BT66 cells in OIS 614 

(n=3) versus proliferation (n=3), as measured by gene expression profiling. Depicted are median 615 

(black bar), quartile (box) and median +/- IQR (whiskers). E) Fold change of IL1B and IL6 616 

transcript levels measured by RT-qPCR during induction of OIS in DKFZ-BT66 cells in 617 

comparison to expression levels of DKFZ-BT66 cells in proliferation (=day 0). Depicted are 618 

mean +/- SD of three independent experiments. F) IL1B and IL6 protein secretion measured in 619 
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the supernatant of DKFZ-BT66 cells upon OIS induction by ELISA. Concentration was 620 

normalized to cell number on the day of collection (pg/cell). Depicted are mean +/- SD of three 621 

independent experiments. Significant differences are indicated as * p<0.05; ** p<0.01; *** 622 

p<0.001 (Student´s t-Test).  623 

 624 

Figure 3. Functional validation of the IL1 and IL6 signaling pathways during OIS. A) Fold 625 

change of IL1R1 transcript levels were measured by RT-qPCR in DKFZ-BT66 upon OIS 626 

induction relative to levels during proliferation (=day 0). Depicted are mean +/- SD of three 627 

independent experiments. B) IL1 pathway activity was determined by protein levels of IL1R1, 628 

IRAK1, phospho-p65 and p65 in DKFZ-BT66 upon OIS induction measured by western blot. 629 

Actin serves as loading control. C) Fold change of IL6Ra transcript levels as measured by RT-630 

qPCR in DKFZ-BT66 upon OIS induction relative to levels during proliferation (=day 0). Depicted 631 

are mean +/- SD of three independent experiments. D) IL6 pathway activity was determined by 632 

protein levels of IL6Ra and pSTAT3/STAT3 upon OIS induction measured by western blot. Actin 633 

serves as loading control. E) Presence of IL1B and IL6 protein was detected by multiplex assay 634 

in all studied fresh frozen primary PA samples (black) (n=22) and in normal fetal brain (grey) 635 

(n=1). Depicted is mean +/- SD. Dots indicate values of individual samples.  636 

 637 

Figure 4. IL1B signaling contributes to reduced PA cell proliferation and induces 638 

expression of SASP factor. A) Cell count of proliferating DKFZ-BT66 cells under rIL1B 639 

treatment in concentrations indicated for 20 days. Depicted are mean +/- SD of three 640 

independent experiments. Significant differences are indicated as * p<0.05 (Student´s t-Test). B) 641 

Protein levels of IRAK1 and pro-IL1B were determined by western blot under stimulation with 642 

rIL1B in the depicted concentrations for 4 hours in DKFZ-BT66 cells in proliferation. Actin serves 643 

as loading control. C) Cell count of proliferating DKFZ-BT66 cells under rIL6 treatment in 644 

concentrations indicated for 20 days. Depicted are mean +/- SD of three independent 645 

experiments. D) Protein levels of pSTAT3 and STAT3 were determined by western blot under 646 

stimulation with rIL6 in the depicted concentrations for 15 minutes in DKFZ-BT66 cells in 647 

proliferation. Actin serves as loading control. E) Cell count under combination treatment with 648 

rIL1B and rIL6 in the depicted concentrations for 20 days. Depicted are mean +/- SD of three 649 

independent experiments. Significant differences are indicated as * p<0.05 (Student´s t-Test). F) 650 

Protein levels of IRAK1, p21 and SV40 measured by western blot after long-term treatment with 651 
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rIL1B (500 pg/ml) (+) for 0, 5, 10 and 20 days versus solvent control (-) treatment in DKFZ-BT66 652 

in proliferation. Actin serves as loading control. G) Light microscopic comparison of DKFZ-BT66 653 

cells grown under treatment with 500 pg/ml rIL1B versus solvent control at day 20. H) Barcode 654 

plot of GSEA depicting significant up-regulation of the SASP genes in DKFZ-BT66 cells under 655 

treatment with 500 pg/ml rIL1B and doxycycline for five days versus DKFZ-BT66 cells in 656 

proliferation. 657 

 658 

Figure 5. Inhibition of inflammatory signaling during OIS, but not IL1B alone, suppresses 659 

the SASP and leads to bypass of OIS. A) Cell count of senescent DKFZ-BT66 cells under 660 

anakinra treatment in the depicted concentrations for 20 days. Cells were cultured without 661 

doxycycline 5 days prior to treatment as well as throughout the duration of the entire experiment. 662 

Shown are mean +/- SD of three independent experiments. B) Protein levels of IRAK1, pro-IL1B, 663 

p-p65 and p65 determined by western blot in DKFZ-BT66 cells in OIS treated with rIL1B (500 664 

pg/ml) +/- anakinra (20 µg/ml) for 4 hours. Actin serves as loading control. C) Cell count of 665 

senescent DKFZ-BT66 cells treated with 100 nM dexamethasone (dexa) or solvent control (0 nM 666 

dexa) for 20 days. Cells were cultured without doxycycline 5 days prior to treatment as well as 667 

throughout the duration of the entire experiment. Depicted are mean +/- SD of three independent 668 

experiments. Significant differences are indicated as * p<0.05, *** p<0.001 (Student´s t-Test). D) 669 

Protein levels of IRAK1 determined by western blot in DKFZ-BT66 cells in OIS treated with 100 670 

nM dexamethasone (dexa) (+) or solvent control (-) for 0, 5, 10 and 20 days. Actin serves as 671 

loading control. E) Barcode plot of GSEA reveals significant down-regulation of the SASP genes 672 

in DKFZ-BT66 cells in OIS under treatment with dexamethasone (dexa) for five days. F) IPA 673 

analysis of GEPs of DKFZ-BT66 cells in OIS treated with 100 nM dexamethasone (n=3 674 

replicates) compared to proliferating DKFZ-BT66 cells (n=3 replicates) (red, OIS + dexa), or 675 

DKFZ-BT66 cells in proliferation treated with 500 pg/ml rIL1B (n=3 replicates) compared to 676 

DKFZ-BT66 cells in OIS (n=3 replicates) (blue, proliferation + rIL1B) for five days. The 4 677 

common genes of the top 5 upstream regulators of each condition are displayed. The z-score 678 

predicts the activation status of the upstream regulator, positivity indicates activation, negativity 679 

indicates inhibition. Color indicates from which condition the z-score was calculated. White bar: 680 

z-score for TREM1 in the OIS + dexa condition did not pass the threshold to indicate its 681 

inhibition/activation. 682 

 683 
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Figure 6. SASP factor expression predicts PFS independent of resection status implying 684 

a crucial role of inflammatory signaling for PA tumor growth behavior. A) Kaplan-Meier 685 

analysis of PA patients (n=110) depicting superior progression-free survival (PFS) in the IL1B 686 

mRNA high expression group ("IL1B high") (p=0.006, log-rank). B) Kaplan-Meier analysis with 687 

PA patients (n=110) grouped into three groups according to SASP score tertiles, depicting 688 

significantly different PFS (p=0.02, log-rank). C) Kaplan-Meier analysis, only PA patients with 689 

gross total resection (GTR) (n=61) are shown depicting significantly different PFS (p=0.047, log-690 

rank). Both “SASP high” and “SASP intermediate” have no events and curves are fully 691 

overlapping. D) Kaplan-Meier analysis, only patients with sub-total resection (STR) (n=32) are 692 

shown. Panel A-D all depict patients from the same PA cohort from ICGC PedBrain (PFS 693 

available for n=110/112, 98.2%). Information on resection status was available for n=93/110 694 

(84.5%) patients of the ICGC PA cohort. 695 

 696 

Figure 7. Senescent DKFZ-BT66 cells respond to senolytic agents. A - F) Assessment of 697 

metabolic activity by CellTiter-Glo of senescent (red) or proliferating (blue) DKFZ-BT66 cells 698 

treated for 72 hours with navitoclax (A), ABT-737 (B), dasatinib plus quercetin (C), carboplatin 699 

(D), vincristine (E) and trametinib (F) in the indicated concentrations. Shown are mean +/- SD of 700 

three technical replicates. IC50 concentrations are depicted for DKFZ-BT66 cells in OIS (red) 701 

and in proliferation (blue). NA = not available. G – I) Assessment of metabolic activity by 702 

CellTiter-Glo of senescent (red) or proliferating (blue) DKFZ-BT66 cells treated for 72 hours with 703 

navitoclax in combination with carboplatin (G), vincristine (H), or trametinib (I) in the indicated 704 

concentrations. Shown are mean +/- SD of three technical replicates. 705 

 706 

Supplementary table legends     707 

Suppl. table 1. Primers & Antibodies 708 

Suppl. table 2. Clinical annotations of the multiplex assay PA cohort and normal brain 709 

Suppl. table 3. GEP results of SASP in DKFZ-BT66 in OIS vs. proliferation  710 

Suppl. table 4. Clinical annotation of the PA patient cohort 711 

Suppl. table 5. IPA upstream regulators 712 
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Suppl. table 6. Uni- and multivariate analysis of IL1B and SASP in the PA cohort  713 
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