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SUPPLEMENTAL DATA 

 

The GSC -specific drug selectivity is not an artifact of the different media types used 

for cell enrichment 

One of the challenges in performing screens using multiple cell types that were derived in 

different media types is data comparability between the experimental groups. To exclude 

such a bias, we performed all screens in the same type of serum-free media, for all 

different cell samples used, independently from what they were derived in. Still, 

differential compound effects on serum and sphere-derived cells as observed here, could 

be attributed to serum-contamination of the screen media, possibly due to incomplete 

wash-out during cell preparation. To find out whether this was the case, we screened 

serum-derived GBM cells that we transferred into GSC -enriching sphere media for 1 

day, 5 days, 6 weeks or for six months, before exposing them in serum-free media to 

OLDA or to conventional, non-selective chemotherapeutics like the alkylating agent 

Temozolomide. Concentration-effect studies showed a slow and gradual change in 

OLDA sensitivity as a function of time for which the cells were cultured in GSC -

enriching media, with the long-term GSC -enriched cultures being the most sensitive 

(Suppl. Fig. 3 A, B, C). A protective effect that is based on serum-contamination would 

be eliminated by the pre-culturing of the serum derived cells in sphere media. However, 

the step-by-step gradual change over time observed here suggests that the reason of the 

differential effect is rather a slow change in cell composition, due to GSC -media 

exposure. In contrast, Temozolomide exposure failed to show any differential effect 

among the differently cultured cell types, suggesting a non-GSC specific effect. 
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Additionally, non-tumor control cells 293T and NHA that were cultured in a similar 

fashion exhibited no gradual change in sensitivity to neither OLDA nor Temozolomide, 

suggesting that this gradual change in cell composition due to the used media type is an 

attribute of the GBM cells only (Suppl. Fig. 3 E, F). 

 

Effects of OLDA, PALDA and NADA are not mediated via cannabinoid, vanilloid 

or dopamine D1 and D2 receptors 

OLDA, PALDA and NADA have been described to act on cannabinoid and vanilloid 

receptors (1, 2) and cannabinoids have been shown to inhibit glioma growth in vitro and 

in vivo (3-7).  To test the hypothesis that these compounds mediate their effect via these 

receptors, we exposed GSC -enriched GBM cells to known agonists (CB1 agonist ACEA, 

CB2 agonists L759,656 and TRPV1 agonist Resiniferatoxin) and antagonists (CB1 

antagonist AM251, CB2 antagonist AM630 and TRPV1 antagonist SB366791) of these 

receptor types alone and in combination.  Activation of the receptors did not result in the 

same phenotypic effect as observed upon exposure to OLDA, PALDA or NADA, using 

ATP-based read-out. Additionally, pre-incubation of the same GBM cells with 

antagonists to these receptors either one by one or in combination, could not rescue the 

phenotype caused by any of the three compounds, nor could the dopamine receptor 

antagonists SCH-23390 (D1) and Haloperidol (D2). These results suggest that OLDA, 

PALDA and NADA exert their inhibitory effects through a mechanism other than the 

activation of these receptors and their associated pathways (Suppl. Fig. 4). 
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SUPPLEMENTAL METHODS 

 

High throughput screening 

Cells were cultured as described above and dissociated into single cells using TrypLE 

Express on the day of the screen. Single cells were resuspended into fresh sphere media 

and plated into 384-well plates at 2500cells/50µl media/well. Plates were then exposed to 

chemical compounds from three libraries, the ChemBridge (www.chembridge.com) , 

Biomol (www.enzolifesciences.com/biomol)  and the Prestwick 

(www.prestwickchemical.com) compound collections. The final compound concentration 

was 10 µM for the ChemBridge and the Prestwick collections. The compounds of the 

Biomol collection were used at the concentrations suggested by the manufacturer, which 

were 1 or 10µM. Compounds were added on a fully integrated CORE System (Beckman-

Coulter Sagian, Indianapolis, IN, www.beckmancoulter.com ) consisting of a Multidrop 

384 (Thermo Scientific, www.thermoscientific.com ), an ELX 405 (Titertek, Huntsville, 

AL, www.titertek.com ), a Biomek FX (Beckman Coulter, Fullerton, CA, 

www.beckmancoulter.com ), an ORCA (Beckman Coulter) with a custom pin tool (V&P 

Scientific, San Diego, CA, www.vp-scientific.com ), a lidding-delidding station 

(Beckman Coulter), and a Cytomat 6001 (Heraeus, Hanau, Germany, www.heraeus.com), 

using SagianTM Automated Method Interface scheduling software (Beckman Coulter). 

Each liquid transfer in the screening procedure was validated individually to a CV not 

higher than 9% over the entire plate.  
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Data acquisition, processing and mining 

For the primary screen, one well per compound was used, while the secondary and 

tertiary screens were performed as duplicates. After compound exposure, plates were 

incubated for 3 days at 37°C and 5% CO2, were exposed to ATPlite 1 step Luminescence 

Assay System (Perkin Elmer, USA) and the luminescence quantitated using a Victor 3V 

microplate reader (Perkin Elmer). Hits were ranked based on their effect compared to 

DMSO treated controls using Wilcoxon test p values and t-statistics (8). In the secondary 

and tertiary screens, non-specific inhibitors were excluded if the ATP read-outs measured 

on the different cell types tested, differed from each other by less than 2 standard 

deviations of the control values in a particular plate. Effects between two cell types were 

determined to be different or selective if the ATP read-outs on the two cell types differed 

from each other more than two standard deviations from the averaged value derived from 

the control wells.  

 

Adherent (laminin-based) cultures 

The protocol described by Pollard et al. (2009) was followed (9). Briefly, 96 well plates 

were coated with Poly-Ornithine (15ug/ml in PBS) for at least 20min at 37°C. Following 

a wash with PBS, plates were incubated overnight at 40C with 1:100 dilution of Laminin 

(Sigma). The next day plates were moved to 370C for 2hrs prior to removing the laminin.  

10,000 freshly dissociated cells were plated into each well and let to adhere for 48-72h 

prior to drug exposure. Relative cell number was determined after 72 hr by using Kit8 

(Dojindo Molecular Technologies Inc.). 
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Cell proliferation assay 

Cell proliferation was assessed using CFDA SE (CFSE; carboxyfluorescein 
 
diacetate, succinimidyl ester) cell tracer kit (Invitrogen) from using the manufacturer’s 

recommendations. Cells were plated in 6-well plates at a density of 100,000 cells/well in 

neurosphere media with different drug concentrations and grown for 5 days under normal 

neurosphere conditions. Preparation for FACS analysis was performed according to 

manufacturer guidelines using 4% paraformaldehyde as a fixative. Following FACS 

Acquisition, Proliferation Wizard Basic Model was used to graphically illustrate 

proliferative populations within a sample and to generate a proliferation index, which was 

then expressed as percent of the control (untreated) cells. 

 

In vivo studies 

To assess tumor forming capacity of the cultured samples, cells were dissociated into 

single cells, counted with Trypan Blue (HyClone, Thermo Scientific) and resuspended 

into DMEMF12 only, at a density of 250-50,000 live cells/µl, depending on the 

experiment. Cell suspension was then implanted using a Hamilton syringe, unilaterally, 

into the striatum of the mice, using the coordinates of 0.5mm anterior from bregma, 

2.2mm lateral from the midline and 3.0mm below the pial surface. For tumor analysis, 

animals were perfused with 4% paraformaldehyde, brains were removed and sectioned on 

a cryostat at 20µm. 

 

Viability studies were routinely performed after every transplant procedure, by doing 

viability stains with Trypan Blue as well as by injecting cells into culture dishes using the 
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same technique, and observing them for at least one week for proliferation. A virtually 

100% viability was observed across all GBM samples. Also, cell survival studies were 

performed by sacrificing animals at different time points after transplantation (same day, 

1, 2, 7, 14 days and 8 weeks), to see whether the injected cells actually survive the 

procedure (Suppl. Fig. 1B). We found that the cells seemed to endure the transplantation 

procedure very well, and in animals that did not form tumors, there was a slow and 

gradual dying-off of virtually all transplanted cells after an initial cell mass expansion 

(suggesting an active, although only temporary, initial in vivo proliferation). 

Tumor formation was evaluated on stained histological sections. However, Ki67 and 

Human Nuclei staining studies were used to investigate whether there were scattered 

viable cells surviving in the brain of animals with no obvious tumor formation that might 

have resulted in a late “recurrence” of the tumor with longer incubation times. In all the 

samples we investigated, we did not find such surviving cells after 8 weeks in the animals 

that showed no tumor formation at that time (Suppl. Fig. 1A). 

For subcutaneous tumor implantation, tumors were injected into the animals as a 50% 

DMEMF12/Matrigel mix, at 1,000,000cells/100µl. Tumor formation was then assessed 

by visual examination and caliper measurement. 

 

For the drug treatment studies, GBM157 cells were infected with an eGFP expressing 

lentiviral construct and cultured for several weeks to ensure proper wash-out of viral 

particles. Cells were then dissociated, exposed to the experimental compounds 

(Emetine:1uM for 24h, OLDA: 3uM for 18h, #5560509: 2.25uM for 18h, #5256360: 

4.4uM for 72h) or to an equal concentration of DMSO. Cells were then washed, counted 
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and an equal number of live cells (as determined by Trypan Blue stain) transplanted 

intracranially into animals, using the same techniques described above. 

 

Tumor size measurement 

To calculate tumor size, all brains were cut in a uniform fashion, keeping every 10th 

section for size analysis. Sections were scanned with a Typhoon Variable Mode Imager 

9410 (GE Healthcare; www.gehealthcare.com ) using a microarray slide holder 

accessory, at 10 micron resolution. To visualize eGFP expressing tumor cells, we used a 

488nm laser for chromophore excitation and a 520 BP 40 filter for signal read-out. 

Images were then analyzed with ImageQuant 5.2 software (GE Healthcare) by 

determining the tumor area on each section, based on the EGFP expression above 

background. To calculate tumor volume, the measured tumor area on each section was 

multiplied by the thickness of the section (20µm) plus the thickness of the skipped 

sections in between measured sections. Tumor volume was then expressed in mm3.   

 

Immunohistochemistry 

Brain sections were stained following standard immunohistochemistry protocols, using 

antibody against Ki67 (Rabbit anti-Ki67 by Vision Biosystems, 1:500, with Alexa 

donkey anti-rabbit secondary antibody at 1:500) and Hoechst nuclear stain. 

 

Cannabinoid, vanilloid and dopamine receptor studies 

For the receptor agonist studies, CB1 agonist ACEA, CB2 agonists L759,656 and TRPV1 

agonist Resiniferatoxin were used and exposed to GBM cells (GBM107 and 1600) at 
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1,2,3,5,10, and 25 µM concentrations, each compound alone and in combination. TRPV1 

agonist Capsaicin was used at 1, 5, 10, 50, 100 and 200µM concentrations, on GBM107 

and 1600. For antagonist rescue studies, CB1 antagonist AM251, CB2 antagonist AM630 

and TRPV1 antagonist SB366791 were used at 1, 2.5, 5, 10 and 25µM concentrations, 

alone or in combination, before exposing cells to experimental compounds OLDA, 

PALDA and NADA at concentrations equivalent to their IC50 value. For the dopamine 

receptor rescue studies the D1 antagonist SCH-23390 and D2 antagonist Haloperidol 

were used, at 1, 10 and 100µM concentrations, in a similar fashion described above. All 

compounds were purchased from Tocris Bioscience (www.tocris.com). 

 

Statistical analysis 

Statistical analyses and hit selection criteria used during the molecule screens have been 

described in the appropriate sections of the main article or published separately (8). For 

analysis of the clonal sphere formation assay as well as the in vivo experiments, standard 

statistical tests were used (Anova, T and F test, followed by Bonferroni Correction). IC50 

values were calculated using GraphPad Prism software. 

 

SUPPLEMENTAL FIGURE LEGENDS 

 

Suppl. Figure 1 

A – Representative images demonstrating tumor formation success in an animal 

transplanted with serum (I) and sphere (II) derived GBM146 
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Ki67 and Human Nuclei (HuNu) immunostaining shows that virtually all transplanted 

cells died off in the animal transplanted with serum derived cells while an infiltrating 

tumor mass is visible in the animal transplanted with sphere derived cells of the same 

GBM sample (i - injection site, V- ventricle, SVZ – subventricular zone). 

B – Immunohistological sections for Human Nuclei (HuNu) and Ki67 demonstrating 

good survival of transplanted cells in animals that were sacrificed on the same day 

as well as 48h after transplantation 

(IT- injection tract, ST-striatum). 

 

Suppl. Figure 2: Growth kinetics of serum and sphere derived cells in screening 

(sphere) media reveals only minor differences in the degree of growth/proliferation 

between sphere and serum derived cultures of the same cell type 

Graph shows results of an ATP-based proliferation assay as measured 3 days after cell 

plating. Error bars depict SEM. 

 

Suppl. Fig. 3:  Sensitivity of GBM cells to OLDA, PALDA and NADA changes as a 

function of time, for which the cells were cultured in GSC -enriching media 

GBM107 cells were exposed to GSC -enriching media for increasing amounts of time 

and were then screened for sensitivity to dopaminergic cannabinoid compounds. While 

screening in serum-containing media requires a higher compound concentration due to 

the protective effect of serum in general, serum-derived cells become more and more 

sensitive towards GSC -specific compounds over time after transfer into sphere media 

(A, B, C). Such a difference is not present using non-GSC selective chemotherapeutics 
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(D) or non-GBM control cells (E, F). (‘ser in ser’: serum derived cells screened in serum 

media; ‘ser in sph’: serum derived cells screened in sphere media; ‘1d sph’: serum 

derived cells were cultured in sphere media for one day before the screen, etc.) 

 

Suppl. Fig. 4 A, B, C and D: Effects of OLDA, PALDA and NADA are not mediated 

via cannabinoid, vanilloid or dopamine receptors 

A – Exposure of GSC -enriched GBM 157 cells to CB1, CB2, TRPV1 receptor agonists 

or their combination, does not reproduce the phenotype seen after exposure to OLDA, 

PALDA or NADA. Graph showing ATP level expressed as % of DMSO treated controls. 

B – Exposure of OLDA, PALDA or NADA-pretreated GSC -enriched GBM 157 cells (at 

IC50 concentration) to antagonists of CB, TRPV and D receptors does not rescue the 

phenotype caused by OLDA, PALDA or NADA (B, C and D, respectively). The graphs 

are showing ATP levels expressed as % of the DMSO treated controls (100%). SE 

shown. 

 

Suppl. Figure 5: OLDA, Emetine, 5256360 and 5560509 decrease clonal sphere 

formation in low passage GBM312 

Graphs show a concentration-dependent reduction of clonal neurosphere size, 

neurosphere number as well as total cell mass. Error bars represent SEM. 

 

Suppl. Figure 6 A, B: OLDA, Emetine, 5256360 and 5560509 inhibit proliferation of 
sphere cultured GBM312 cells, using CFSE (carboxyfluorescein 
diacetate, succinimidyl ester)  cell tracing experiments 
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Proliferative inhibition is graphically represented by an increase in fluorescence or a shift 

to the right, away from that of the control. A proliferation index (PI) is a numerical value 

generated for each sample that measures the total increase in cell number divided by the 

original parent number.  PI’s are expressed as a percent of control: Emetine (0.2µM)- 

18.6%, OLDA (4µM)- 16.0%, Compound 33 (2µM)- 31%, and Compound 62 (2µM)- 

24.3%. 

 

Suppl. Figure 7: OLDA, Emetine, 5256360 and 5560509 inhibit cell growth and/or 

survival of attached (laminin-based) low passage GBM312 

Graph shows concentration-effect curves with SEM as error bars. Note the separate 

concentration axis on top for Emetine. 
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