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Id-1 is a Key Transcriptional Regulator of Glioblastoma Aggressiveness and a Novel 

Therapeutic Target 

 

SUPPLEMENTARY INFORMATION 

 

SUPPLEMENTARY MATERIALS AND METHODS 

 

Cell culture and treatments 

Human GBM cell lines (SF210, U87, SF126, U251) were obtained from ATCC and cultured in 

RPMI media containing 10% fetal bovine serum (FBS).  For the infection experiments, the pLXSN-

control and pLXSN-Id-1 antisense retroviral vectors (1) were transfected in the Phoenix™ Ampho 

packaging cells (Orbigen) using Lipofectamine 2000 (Invitrogen).  24 hrs following transfection, 

culture media were harvested and further used to infect U251 cells.  pLXSN-control and pLXSN-Id-

1 antisense virus containing media were mixed with 5 µg/ml Polybrene and added to U251 cells.  

Cells expressing the retroviral genes were selected in Neomicin (500 µg/ml) for 6 days and then 

pooled for use in various assays.  For the treatment experiments, media were replaced with 

vehicle, 1.0 µM or 1.5 µM CBD in 0.1% FBS-containing media on the first day of treatment.  CBD 

was dissolved in 100% ethanol at millimolar concentrations and then diluted 1/1000 for cell culture 

experiments.  The media with the appropriate compounds were replaced every 24 hrs for 3 days.  

CBD was obtained from NIH through the National Institute of Drug Abuse. 

 

Lentiviral Id-1 knockdown 

The Id-1 and control shRNA lentiviral constructs were obtained from Open Biosystems and viral 

particles were assembled according to the manufacture’s recommendations (pLKO Lentiviral 

Packaging System).  The pLKO vectors were transfected into HEK293 cells along with the 
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packaging constructs, and the supernatants containing lentiviruses were collected and 

concentrated.  U251 cells were infected by the lentiviruses, and cells that expressed shRNA were 

selected using 1 µg/ml of puromycin.  As a control, GFP-shRNA was used. 

 

Real-time quantitative PCR 

RNA was harvested using the Qiagen RNeasy kit and cDNA was prepared using the Biorad iScript 

cDNA Synthesis Kit (Prod #170-8891).  We used the Applied Biosystems Real-Time PCR 

instrument (software version:1.3.0) to compare levels of Id-1 gene expression in GBM cells and 

primary tumor samples.  Taqman Fast Universal PCR Master mix (Prod #4352042) was used with 

Taqman Gene Expression Assays.  Id-1 Gene Expression Assay (Prod #Hs03676575_s1) was 

used as a target gene and RAB-14 (Prod # Hs00249440_m1) was used as a reference gene.  

Relative Quantification (ddct) method was used to perform comparative analysis of Id-1 gene 

expression in cells.  A wide range of concentrations from 10 ng to 80 ng of cDNA sample was used 

to determine the ideal concentration for detection of Id-1 gene expression. 

 

Quantitative Western analysis and antibody arrays  

Proteins were separated by SDS/PAGE, blotted on Immobilon membrane, and probed with anti-Id-

1, anti-Id-2, anti-phospho(p)FAK, anti-total(t)FAK, anti-MT1-MMP, anti-Sox2, anti-Oct-3/4, anti-

Nanog, anti-pp38 MAPK, anti-tp38 MAPK, anti-pCHK2, anti-tCHK2, anti-pERK1/2, anti-tERK1/2, 

anti-pAKT, anti-tAKT, anti-vimentin, anti-Snail, anti-Ki67 or anti-alpha-tubulin and the appropriate 

secondary antibody as previously described (1, 2).  As a normalization control for loading, blots 

were stripped and re-probed with mouse anti-beta-actin (Abcam, Cambridge, MA).  Phospho-

kinase and stem cell factor antibody arrays were purchased from R&D systems and used 

according to the manufacturer’s instructions.  
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Zymography 

Infected cells were cultured in serum-free media for 2 days, at which time the conditioned media 

was collected and concentrated 10-fold using 5 kDa cutoff filters (Vivaspin 6, Vivascience).  The 

concentrated media was analyzed on gelatin substrate gels.  Gelatinase activities were visible as 

clear bands, indicative of proteolysis of the substrate protein. 

 

Immunofluorescence  

Primary cultures derived from GBMs were fixed in methanol (10 min, room temperature) and 

processed for Id-1, Nestin, or Sox2 immunofluorescence 48 hrs following initial culturing.  Cells 

were pretreated for 1 hr with the Id-1 blocking peptide (5 µg/ml, Santa Cruz Biotech) prior to 

incubation with the Id-1 antibody (2 µg/ml, overnight, 4°C, Santa Cruz Biotech).   Immunostaining 

was also performed for Nestin (1 µg/ml, Abcam, overnight, 4°C).  Detection was done in all cases 

using an anti-rabbit Alexa 488 antibody (Molecular Probes).  Nuclei were counterstained with 

DAPI. 

 

Boyden chamber invasion assay 

Assays were performed in modified Boyden Chambers (BD Biosciences) as previously described 

(1).  Cells were added at 5x105 per well to the upper chamber in 300 µl of serum-free medium.  

The lower chamber was filled with 300 µl of conditioned medium from fibroblasts.  After a 20-hr 

incubation, cells were fixed and stained as previously described (1) and cells that remained in the 

Matrigel were removed with cotton tips.  Invasive cancer cells on the lower side of the filter were 

counted using a light microscope. 

 

Organotypic (ex-vivo) invasion brain slice assay 

1 mm coronal rat brain slices spanning from -0.94 to 1.98 of bregma were created from postnatal 

day three rat pups using a precision brain slicer and razors. The slices were then suspended in 
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neurobasal (NB) complete media until ready for use.  Slices were next transferred to millicell 8 µm 

pore size polyethylene terephthalate (PET) culture insert (Millipore) which was suspended in a 12-

well plate containing 1.2 ml NB complete media in each well.  The slices were left for 30 min to 

settle while the GBM cells were prepared.  Human GFP-labeled U251 cells were grown in RPMI 

media with 10% FBS and were harvested from dishes while in their exponential growth phase in 

culture with 0.1% trypsin/EDTA.  The cells were then resuspended at the appropriate concentration 

in NB complete media containing vehicle or CBD.  The inserts with the slices were next transferred 

to a new 12-well plate containing 1.2 ml conditioned media made from fibroblast cultures.  The 

conditioned media contained either vehicle or CBD.  As the inserts were moved to the 12-well plate 

containing conditioned media, the medium in the insert surrounding the slice was removed.  1x105 

GFP-labeled U251 cells were next placed on top of the brain slice by slowly pipetting a volume of 

50 µl.  The cells were allowed to settle on top of the slice for one hour in the incubator.  After one 

hour, an additional 150 µl of medium was added around the slice to bathe the tissue.  An hour 

later, all wells were visualized using an inverted fluorescence microscope.  If cells were found 

under the slice at this point, these wells were removed from the experiment.  After three days, the 

slice was fixed in 2.5% glutaraldehyde for 15 min, rinsed with PBS, and then brightly GFP-labeled 

cells on the bottom of the slice were visualized and counted using an inverted fluorescence Nikon 

Eclipse TE2000-E microscope. 

 

Time-lapse microscopy 

For each time-lapse microscopy experiment, cell cultures were transferred from the incubator to a 

time-lapse microscope equipped with a heated stage and a plexi-glass environmental chamber 

(Axiovert 200; Zeiss).  Cell cultures were maintained at routine incubation settings (37°C, 5% CO2) 

and optimum humidity.   Temperature and CO2 concentration were independently maintained using 

digital controlling units (Zeiss).  Two sets of phase contrast images from each well were taken in 

300 second intervals using a Cohu 2600 Series compact monochrome interline transfer CCD 
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camera.  An Openlab software automation (Improvision) drove the camera and stage movements, 

and compiled the acquired phase images.  Each TLM experiment ran for a total of 72 hrs.  Images 

were then processed as Quicktime movies using Openlab.  Cells in the initial microscopic field 

were identified and followed to track neurosphere formation.  All cell populations and their progeny 

were tracked for the duration of their onscreen viability using compiled Quicktime movies.  Each 

population was identified using a modified version of a previously described cell pedigree system 

(3).  Cataloged data was entered into a Microsoft Excel spreadsheet for further analysis.   

 

Xenograft subcutaneous model of GBM 

For the subcutaneous model (we also used 5 mice per group), tumors were generated in female 

athymic nu/nu mice by the subcutaneous injection of 2x106 U251 cells in 50 µl of a 1:1 ratio of 

Matrigel and RPMI media.  Treatment with CBD (given i.p. at a dose of 20 mg/kg) was initiated 

upon first detection of the primary tumors (approximately 1 mm3 at day 7).  To determine the tumor 

size in situ, the perpendicular largest diameter of the tumor was measured in millimeters and tumor 

volume was calculated as (L x W2)/2 based on a modified ellipsoidal formula.  Approximately 48 

days after injection of the U251 cells, the mice were euthanized and the tumors were removed and 

frozen for later use. 

 

Imaging and measurement of tumor area in brain  

Whole slide image of IHC tissue sections was performed by using a Mirax MIDI high resolution 

scanning system (Carl Zeiss MicroImaging).  The digitization process was controlled via software 

running on a Microsoft Windows XP(TM) using a Allied Vision Marlin CCD Camera (Allied Vision 

Technologies GmbH, Germany) with a Zeiss Plan-Apopchromat 20x/.8NA objective (Carl Zeiss 

Optronics GmbH) to generate images at a resolution of 0.32 microns/pixel.  Panoramic viewer 

software (3DHISTECH) and freehand annotation was used to label the circumference off all the 
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tumors. Tumor area was then calculated by measuring tumor area in a 10-micron slice taken from 

one of each of 4 consecutive 2 mm brain slices collected.   
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SUPPLEMENTARY FIGURE LEGENDS 

 

Supplementary Figure 1. Id-1 levels are increased in the CD133+ GBM cells.  Real time RT-

PCR was performed using RNA/cDNA extracted from matched CD133+ and CD133- cells acutely 

isolated from primary GBM tissue.  35 ng of RNA were processed for Id-1 and Rab14 (for 

normalization).  Relative Δ Ct values were compared using a one-way ANOVA with a 

corresponding Tukey’s multiple comparison test.  (*) indicates statistically significant differences 

from the primary GBM tissue (p<0.05).   

 

Supplementary Figure 2. Id-1 knockdown inhibits U251 cell neurosphere formation.  U251 

cells transduced with either pLXSN-control or pLXSN-Id-1 AS were cultured in neurosphere media.  
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A) Representative pictures from each cell population demonstrate that Id-1 knockdown significantly 

inhibits neurosphere formation.  Bar = 100 µm.  B) Seven days following initial plating, spheres 

were collected and counted. Average numbers of spheres from triplicate wells are shown.  *p<0.02 

Student’s t-test.  The experiment was repeated three times with similar results.  C) Western blotting 

was performed to compare Id-1 expression in neurospheres from pLXSN-control and pLXSN-Id-1 

antisense cells. 

 

Supplementary Figure 3.  Id-1 knockdown in GBM cells increases survival in an orthotopic 

mouse model.  A) Id-1 gene expression and B) invasion of U251 cells stably expressing control 

(ctl) shRNA or Id-1 shRNA were assessed using Western analysis and Boyden chamber invasion 

assay, respectively.  C) Tumors were generated in a xenograft mouse model by intracranial 

injection of 0.3x106 pooled U251 cells expressing ctl- or Id-1-shRNA.  Mice were then observed 

until they demonstrated signs of disease progression that necessitated euthanasia.  Survival 

between groups was compared using Kaplan-Meier analysis.   

 

Supplementary Figure 4. CBD treatment reduces phosphorylation of several kinases 

involved in cell survival and aggressiveness.  A) U251 cells treated with CBD (1.5 µM) or 

vehicle control were used to generate cell lysates which were hybridized to an antibody array that 

probed several cellular phospho-kinases.  B) Graph shows quantification of relative 

phosphorylation levels. C) Cell lysates were used to confirm modulation of p-AKT levels. 

 

Supplementary Figure 5.  CBD reduces tumor progression in vivo.  Primary tumors were 

generated in a xenograft mouse model by subcutaneous injection of 2x106 U251 cells.  Each group 

included five mice.  A) Peritumoral treatment with CBD was initiated seven days later when the 

tumors reached 100 mm3.  A linear mixed effects model calculated a significant inhibitory effect 

with 20mg/kg CBD (p<0.001).  B) Representative samples show that CBD eradicated the tumor 



 8 

(upper panel) in one of the athymic nu/nu mice and inhibited cell proliferation (middle panel) and 

Id-1 expression (lower panel) in tumors responsive to CBD treatment as measured by Ki67 or Id-1 

staining, respectively.  Bar = 100 µM. 
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Supplementary Figure 5 
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Supplementary Table 1.  Primary cultures analyzed by immunofluorescence or Western blot

Sample ID Diagnosis ID1-WB- Whole ID1-IF-Cells Sox2-IF-Cells
Tissue

CPMC-001 GBM no yes yes
CPMC-002 GBM yes yes yes
CPMC-003 GBM yes N/D N/D
CPMC-004 GBM yes yes N/D
CPMC-005 GBM no N/D N/D
CPMC-006 Epilepsy no no yes
CPMC-007 Epilesy no N/D N/D
CPMC-008 GBM yes yes yes
CPMC-009 GBM yes yes N/D
CPMC-010 GBM yes N/D N/D
CPMC-011 GBM yes yes N/D
CPMC-012 GBM yes N/D yes
CPMC-013 GBM no yes yes
CPMC-014 GBM no no yes
CPMC-015 GBM yes yes yes
CPMC-016 GBM no no N/D
CPMC-017 GBM yes yes N/D
CPMC-018 GBM yes yes yes
CPMC-019 GBM N/D yes yes
CPMC-020 GBM no N/D N/D
CPMC-021 GBM yes yes yes
CPMC-022 GBM yes yes yes
CPMC-023 GBM yes yes yes
CPMC-024 GBM yes yes yes
CPMC-025 GBM yes yes yes

Total GBM cases 23
% Positive 70% 70%
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