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Materials and Methods 

Materials  

The cell transfection agents JetPRIME and JetPEI were obtained from PolyPlus transfection (Illkirch, 

France), while non-modified and 2′-O-methyl-modified hVDAC1-siRNAs were obtained from 

Genepharma (Suzhou, China). Bovine serum albumin (BSA), carbonyl cyanide-p-

trifluoromethoxyphenylhydrazone (FCCP), Polyethylenimine (PEI), Poly(D,L-lactide-co-glycolide)  

(PLGA), Polyvinyl alcohol (PVA), propidium iodide (PI), sulforhodamine B (SRB), Triton X-100, 

Tween-20, tetramethylrhodamine methylester (TMRM), hematoxylin, eosin, and itraconazole were 

obtained from Sigma (St. Louis, MO). Paraformaldehyde was purchased from Emsdiasum (Hatfield, 

PA). Dulbecco’s modified Eagle’s medium (DMEM), and Roswell Park Memorial Institute (RPMI) 

1640 growth media, BSA (7.5%), non-essential amino acids (NEAA) and B27 and N2 supplements 

were obtained from Gibco (Grand Island, NY). DMEM/HAMS-F12, Minimum essential media 

(MEM), normal goat serum (NGS), fetal calf serum (FCS) and the supplements L-glutamine and 

penicillin-streptomycin were obtained from Biological Industries (Beit Haemek, Israel). Human EGF 

and FGF were purchased from Millipore (Billerica, MA). A cancer stem cell TF activation profiling 

plate array was obtained from Signosis (Santa Clara, CA). Primary antibodies, their source and the 

dilutions used are detailed in Supplementary Table S1. Horseradish peroxidase (HRP)-conjugated 

anti-mouse, anti-rabbit and anti-goat antibodies were from KPL (Gaithersburg, MD). A CellTiter-Glo 

luciferase-based assay and TUNEL stain was obtained from Promega (Madison, WI). Nuclear/cytosol 

fractionation kit was obtained from (Biovision, Milpitas, CA). 3,3-diaminobenzidine (DAB) was 

obtained from (ImmPact-DAB, Burlingame, CA).    

 

Cell culture and transfection  

U-87MG, U-251MG, U-118MG, LN-18 (human glioblastoma), human glioblastoma patient-derived 

cells MZ-18 and MZ-327
1
, kindly provided by D. Kogel, University Hospital, Frankfurt, Germany, 

C6 (rat glioma), GL-261 (mouse glioma), and non-cancerous HaCat (spontaneously transformed 

aneuploid immortal keratinocyte cell line from adult human skin), were maintained in DMEM culture 

medium supplemented with 10% FBS (5% for LN18), 1 mM L-glutamine, 100 U/ml penicillin, and 

100 μg/ml streptomycin. U-251MG (human glioblastoma) cells cultured in RPMI-1640 medium 

supplemented with 10% FBS, 1 mM L-glutamine, 100U/ml penicillin, and 100 μg/ml streptomycin at 

37°C and 5% CO2. Cells of the glioma-derived G7 stem cell line were grown using specific 

glioblastoma stem cell medium, as described previously
2
.  HUVEC (human umbilical vein cells) 

were cultured in complete EGM-2 medium (Lonza, Walkersville, MD, USA).  Primary astrocyte and 

glia cells were prepared as described previously
3
. Newborn 2-3 days old mice (C57Bl/6) were 

sacrificed using CO2 and their brains were quickly removed and digested with 0.25% trypsin for 15 
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min at 37°C. The cell suspension was centrifuged through a 10% FCS solution and the obtained cells 

were grown in DMEM with 10% FCS, 5% CO2 at 37°C.  

The following siRNA sequences were used, with 2′-O-methyl-modified nucleotides indicated in bold 

and underlined (nucleotide positions are provided for sense (S) and anti-sense (AS) sequences): si-

hVDAC12/A, S: 238-5′- ACACUAGGCACCGAGAUU A-3′-256 and AS: 5′- UAAUCUC 

GGUGCCUAGUGU -3′ and si-NT, S: -5'-GCAAACAUCCCAGAGGUAU-3' and AS: 5'-AUA 

CCUCUGGGAUGUUUGC-3'; hVDAC1A, S: 159-5'-GGGCUAUGGAUUUGGCUU A-3'-177 and AS: 

5'-UAAGCCAAAUCCAUAG CCC-3'; VDAC1B, S: 337-5'ACACUAGGCACCG AGAUUA-3'-355 and 

AS: 5'-UAAUCUCGGUGCCUA GUGU-3'; VDAC1C, S: 921-5'-GCUUGGUCU AGGACUGGAA-3'-939 

and AS: 5'-UUCCAGUCCUAGACCAAGC-3'; VDAC1M/H, S: 487-5'-GAAUAGCAGCCAAGUAUCA 

GTT-3'-505 and AS: 5'-UGA UACUUGGCUGCUAUUCTT-3'. Cells were seeded (100,000- 150,000 

cells/well) in 6-well culture dishes to 40-60% confluence and transfected with 10-60 nM si-NT or si-

hVDAC1 using the JetPRIME transfection reagent (Illkirch, France), according to the manufacturer’s 

instructions. U-87MG cells were transiently transfected with plasmid pcDNA4/TO (2 μg DNA) 

encoding native mVDAC1 using the JetPRIME reagent according to the manufacturer's instructions. 

 

Sulforhodamine B (SRB) assay for cell proliferation  

Twenty-four hours post-transfection with non-targeting siRNA (si-NT) or modified si-hVDAC1, U-

87MG, U-118MG, U-251MG, LN-18, cells were counted and seeded in 96-well plates. For rat C6 

glioma and mouse GL261 glioma, mouse- and human-specific siRNA (VDAC1M/H) were used. The 

cells were counted and seeded in 96-well plates. 

To assess the effect of itraconazole on cell growth, HUVEC, U-87MG, U-118MG, LN-18 and mouse 

primary brain cells (PBCs) were seeded in 96-well plates (2,000 cells/ well), allowed to attach 

overnight and then incubated with itraconazole (0.1 to 10 M) for 24 hours. The final DMSO 

concentration in control and itraconazole-containing samples was 0.5%. Cells were washed with 

PBS, fixed with 10% trichloroacetic acid for 1-2 h, and subsequently stained with sulforhodamine B 

(SRB). SRB was extracted from the cells using 100 mM Tris base and absorbance at 510 nm was 

determined using an Infinite M1000 plate reader (Tecan, Männedorf, Switzerland).  

 

Mitochondrial membrane potential determination 

Mitochondrial membrane potential () was determined using tetramethylrhodamine methylester 

(TMRM) dye. U-87MG cells were transfected with si-NT or si-hVDAC1 and 48 h post-transfection, 

were incubated with TMRM (700 nM, 30 min) and washed with PBS. TMRM fluorescence was 

measured with an Infinite M1000 plate reader. FCCP served as a control for  dissipation. 

 

Determination of cellular ATP levels 

Cellular ATP levels were estimated using a luciferase-based assay (CellTiter-Glo, Promega). U-

87MG cells were transfected with si-NT or si-hVDAC1 and 36 h post-transfection were washed 

twice with PBS and seeded in 96-well plates at densities of 5×10
4
 cells/ml. ATP levels were assayed 

according to the manufacturer’s protocol and luminescence was recorded using an Infinite M1000 

plate reader (Tecan, Männedorf, Switzerland).  
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Xenograft and intracranial-orthotopic mouse models  

U-87MG glioblastoma cells (2 x106
) were inoculated s.c. into the hind leg flanks of athymic eight-

week old male nude mice (Harlan). Eleven days post-inoculation, tumor volume was measured (50-

80 mm
3
) and mice were randomized into two groups (9 animals/group), treated with si-NT or si-

hVDAC1 mixed with in vivo JetPEI reagent and injected into the established s.c. tumors (50 nM 

final, 2 boluses) every three days. At the end of the experiments, the mice were sacrificed, tumors 

were excised, and half of each tumor was either fixed and processed for IHC or frozen in liquid 

nitrogen for later immunoblot and RNA isolation. 

 For the intracranial-orthotopic mouse model, U-87MG cells were treated with 50 nM si-NT or 

si-hVDAC1 twice at a 4-day interval and engrafted into a nude mouse brain using a stereotactic 

device. The anesthetized mice were immobilized in a stereotactic head frame (Stoelting, Wood Dale, 

IL( and an incision was made on the skull and a burr hole 0.5 mm anterior to the bregma and 2.0 mm 

lateral to the midline was made using a drill (Stoelting(. A 31-gauge needle loaded with 10 µL 

phosphate-buffered saline (PBS) was used to deliver tumor cells. The needle tip was inserted into the 

brain 3-mm deep, relative to the skull surface, and maintained at this depth for 1 minute before 

injection of tumor cells. Under sterile conditions, a 3 µL solution containing U-87MG (8×10
4
) cells 

was injected into the brain parenchyma over a period of 3 minutes using and UltraMicroPump III 

(World Precision Instruments, Sarasota, FL). After infusion, the needle was left in place for 1 minute 

before slow withdrawal. The burr hole was sealed using sterile bone wax, and the wound was closed 

with 5.0 nylon surgical suture. All surgical procedures were performed under sterile conditions
4
. At 

the end of the experiment, mice were sacrificed, and their brains were excised and processed for IHC.  

The experimental protocols used were approved by the Institutional Animal Care and Use 

Committee. 

 

MRI tumor monitoring  

In vivo brain MRI was performed using the M7 1-Tesla compact ICON system (Aspect Imaging, M7, 

Israel), equipped with a set of application-specific radiofrequency (RF) 20-mm mouse head coils. 

For in vivo imaging, animals were maintained in an anesthetized state with 1.5% isoflorane in O2 and 

placed on a specially designed heated bed where physiological signals, such as breath rate, were 

monitored throughout the experiment to ensure the animals’ well-being. MRI acquisition parameters 

included fast spin echo with a repetition time of 2,500 ms and echo time of 74 ms. Fifteen axial slices 

of 0.25 mm with a gap of 0.1 and a matrix of  256X256,  field  of view  of 40 mm and acquisition 

time of 14.3
5
 were collected. Data were analyzed by VivoQuant 2.10 software. 

    

PLGA encapsulation of siRNA  

VDAC1 siRNA-loaded PEI–PLGA complexes were prepared by the solvent displacement method 

with some modifications, as previously reported
6
. A pre-formed complex of PEI (20 mg) dissolved in 

1% of polyvinyl alcohol (PVA) and siRNA 360 µl of siRNA solution (50 µM) was incubated for 30 

min at 37ºC. PLGA (50 mg) was dissolved in 1 ml acetone. To this organic mixture, 10 ml of 

aqueous solution containing 1% PVA (w/v) stabilizer was added in a drop-wise manner (0.5 ml/min). 

Subsequently, the pre-formed complexes containing siRNAs were added in a drop-wise manner. The 

mixtures were stirred continuously at room temperature until complete evaporation of the organic 

solvent. The nanoparticles were centrifuged at 15,000g (4ºC for 30 min) and the pellet was re-

suspended in DEPC-water, washed three times and the resulting nanoparticles containing the siRNA-

loaded suspension was stored at -20ºC until further use. 
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TUNEL assay 

Fixed tumor sections in paraffin were processed for the TUNEL assay using the DeadEnd 

Fluorometric TUNEL system (Promega, Madison, WI) according to the manufacturer’s instructions. 

Sections were deparaffinized, equilibrated in PBS, permeabilized with proteinase K (20 μg/ml in 

PBS), post-fixed in 4% paraformaldehyde, and incubated in TdT reaction mix (Promega) for 1 h at 

37°C in the dark. Slides were then washed in 2x saline-sodium citrate (SSC) buffer and counter-

stained with propidium iodide (1 µg/ml), and cover slipped with Vectashield mounting medium 

(Vector Laboratories, Burlingame, CA).  Fluorescent images of apoptotic cells (green) and cell nuclei 

(red) were captured using a confocal microscope (Olympus 1X81). 

 

Immunoblot  

For immunostaining, membranes containing electro-transferred proteins following SDS-PAGE were 

blocked with 5% non-fat dry milk and 0.1% Tween-20 in TBS, incubated with the primary antibodies 

(sources and dilutions as detailed in Supplementary Table S1) and then with HRP-conjugated anti-

mouse or anti-rabbit (1:10,000) or anti-goat (1:20,000) IgG. Enhanced chemiluminiscent substrate 

(Pierce Chemical, Rockford, IL) was used for detection of HRP activity. 

 

Immunohistochemistry (IHC) and immunofluorescence of tumor tissue sections 

Immunohistochemical and immunofluorescence staining was performed on 5 μm-thick formalin-

fixed and paraffin-embedded tumor tissue sections. The sections were deparaffinized by placing the 

slides at 60°C for 1 h and using xylene. Thereafter, the tissue sections were rehydrated with a graded 

ethanol series (100%-50%). Antigen retrieval for some proteins (VDAC1, Glut1, citrate synthases, 

HK-II, GAPDH, LDH, Nestin, NGFR, KLF4, Sox2, S100b, Musashi, Map2, b-III tubulin (TUBB3), 

GAD67, ATP5a, cytochrome c oxidase subunit VIc, c-Kit, N-cadherin, E-cadherin,  vimentin) was 

performed in 0.01 M citrate buffer (pH 6.0). For HK-I and CD31, VEGF, Ki-67, GFAP, F4/80, 

HNF4, FOXP1, NRSF/Rest, MAZ, antigen retrieval was performed in 10 mM Tris-EDTA (pH 9) and 

0.5 M Tris (pH 10) for 30 minutes each at 95-98°C. After washing sections in PBS containing 0.1% 

Triton-X100 (pH 7.4), non-specific antibody binding was reduced by incubating the sections in 10% 

NGS for 2 h. After decanting excess serum, sections were incubated overnight at 4°C with primary 

antibodies (sources and dilutions used detailed in Supplementary Table S1). Sections were washed 

with PBST. For IHC, endogenous peroxidase activity was blocked by incubating the sections in 3% 

H2O2 for 15 min. After washing thoroughly with PBST, the sections were incubated for 2 h with anti-

mouse or anti rabbit (1:250) secondary antibodies conjugated to HRP were used, as appropriate. 

Sections were washed five times in PBST and the peroxidase reaction was subsequently visualized by 

incubating with 3,3-diaminobenzidine (DAB) (ImmPact-DAB, Burlingame, CA). After rinsing in 

water, the sections were counterstained with hematoxylin, and mounted with mounting medium. 

Finally, the sections were observed under a microscope (Leica DM2500) and images were collected 

at 20× magnification with the same light intensity and exposure time. Non-specific control 

experiments were carried out using the same protocols but omitting incubation with the primary 

antibodies. For immunofluorescence, Cy3-conjugated anti-rabbit (1:500) or Cy2-conjugated anti-

mouse (1:200) secondary antibodies were used. The cells were then stained with DAPI (0.07 μg/ml) 

and viewed with an Olympus IX81 confocal microscope. 
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RNA preparation and DNA microarray analysis  

Total RNA was isolated from si-NT- and si-hVDAC1-treated tumors (4-6 mice each) using an 

RNeasy mini kit (Qiagen) according to the manufacturer's instructions. Total RNA quality was 

analyzed using the Agilent RNA 6000 nano kit. The RNA integrity values obtained for total RNA 

extracted from si-NT- and si-hVDAC1-treated tumors were 8-10, respectively. The targets for 

Affymetrix whole transcript expression microarray analyses were prepared using the Affymetrix 

GeneChip WT PLUS reagent kit according to the manufacturer's instructions and hybridized to 

Human Gene 1.0 ST microarrays. Data were acquired using the Affymetrix GeneChip algorithm 

(version 3.2). CEL files were imported to Partek Genomics Suite and all probes except control probes 

were pre-processed by RMA background correction, log2 transformation and probe set 

summarization using median polish. Probe sets with signals < 5 in all samples were filtered out. 

Subsequently, global scaling was carried out by shifting the mean of each sample to the grand mean 

(i.e. in each sample, the mean signal was subtracted from each of the signals, and then the grand 

mean from all samples was added, such that all arrays eventually had the same mean signal). 

Differentially expressed genes were defined as those having FDR-adjusted a t test p-value < 0.05, and 

two clusters were defined, up-regulated and down-regulated genes (linear fold change > 2 and < -2, 

respectively). Each cluster was tested separately for enrichment of functional groups based on the GO 

system. Promoter analysis was performed using the DAVID and Expander
7
 software tools. 

 

Quantitative real-time PCR  

Real-time RT-PCR was performed using specific primers (KiCqStart Primers; Sigma Aldrich) in 

triplicate, using Power SYBER green master mix (Applied Biosystems, Foster City, CA). Levels of 

target genes were normalized relative to -actin mRNA levels. Samples were amplified by a 7300 

Real Time PCR System (Applied Biosystems) for denaturation step of 5 min at 95°C and 40 cycles 

using the following PCR parameters: 95°C for 15 seconds, 60°C for 1 minute, and 72°C for 1 minute. 

The copy numbers for each sample were calculated by the CT-based calibrated standard curve 

method. The mean fold changes (± SEM) of the three replicates were calculated. Genes examined and 

primers used are listed in Supplementary Table S2. 

 

TF profiling array 

Nuclear extracts were prepared from si-NT- or si-hVDAC1-treated tumors using a Nuclear/cytosol 

fractionation kit (Biovision, Milpitas, CA) following the manufacturer's instructions. TF DNA-

binding activity was analyzed as per the manufacturer's instructions (Signosis, Sunnyvale, CA). 

Briefly, a nuclear extract (~13 μg of protein) was added to a mixture of DNA sequences encoding 23 

different TF-binding sites (BS) and incubated at 16
o
C for 30 min. The samples containing the formed 

TF-DNA complexes were then separated from free DNA probes using an isolation column, with an 

aliquot (100 l) being applied to the column and TF-DNA complexes being eluted with elution buffer 

(200 l). A sample (95 l) was then added to each well of a 96-well plate containing an immobilized 

complementary sequence to one of the 23 TFs. The plate was sealed and incubated overnight at 42
o
C 

for hybridization. The plate was then washed three times, and developed using streptavidin 

conjugated-HRP and luminescence obtained following substrate addition was recorded using an 

Infinite M1000 microplate reader.   
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Neurosphere formation  

Conditions for neurosphere formation were as described previously
8
. Briefly, U-87MG, G7, MZ-18 

and MZ-327cells were treated with si-NT or si-hVDAC1 (50 nM) and 24 h post-transfection, the 

cells (10
5
)  were cultured in  12-well plates coated with a soft agar (5%) layer  prepared in  n neuronal 

stem cell medium, as described previously
2
. Following 24 h incubation at 37°C in a 5% CO2 

atmosphere, the cultures were photographed.  

 

VDAC1 purification and channel conductance measurement 

VDAC1 protein was purified from rat liver mitochondria as previously described
9
. The reconstitution 

of purified rat VDAC1 into a planar lipid bilayer (PLB) and subsequent single and multiple channel 

current recordings and data analysis were also carried out as previously described
10,11

. Briefly, a PLB 

was prepared from soybean asolectin dissolved in n-decane (30 mg/ml). Purified VDAC1 (1 ng) was 

added to the chamber defined as the cis side containing 1 M NaCl, 10 mM Hepes, pH 7.4. Currents 

were recorded under voltage-clamp using a Bilayer Clamp BC-535B amplifier (Warner Instruments, 

Hamden, CT). The currents, measured with respect to the trans side of the membrane (ground), were 

low-pass-filtered at 1 kHz and digitized online using a Digidata1440-interface board and pClampex 

10.2 software (Axon Instruments, Union City, CA). 

 

Itraconazole interaction with VDAC1 using the microscale thermophoresis (MST) analysis  

MST analysis was performed using a NanoTemper Monolith NT.115 apparatus as described 

previously
12

. Briefly, purified VDAC1 was fluorescently labeled using a NanoTempers Protein 

labeling kit BLUE (L001, NanoTemper Technologies). A constant concentration of the protein was 

incubated with different concentrations of the tested inhibitor in PBS. Afterwards, 3-5 µl of the 

samples were loaded into a glass capillary (Monolith NT Capillaries) and thermophoresis analysis 

was performed (LED 20%, IR laser 20%). 

 

Supplementary Tables 

Table S1. Antibodies used in this study  

Antibodies against the indicated protein, their catalogue number, source, and the dilutions used in 

IHC, immunoblot and immunofluorescence experiments are presented. 

Antibody  
Source and Cat. No. 

 

Dilution 
IHC WB IF 

Mouse monoclonal anti-actin  
Millipore, Billerica, MA,  

MAB1501 

- 1:10000 - 

Mouse monoclonal anti-ATP5a Abcam, Cambridge, UK, ab14748 1:300 1:1000 - 

Mouse monoclonal anti- III 

tubulin 

Abcam, Cambridge, UK ab7751 1:100 1:1000 1:200 

Rabbit polyclonal  anti-CD31  Abcam, Cambridge, UK ab28364 1:50  - 

Rabbit polyclonal anti-CD44  Abcam, Cambridge, UK ab157107   1:1000 1:3000 - 

Mouse monoclonal anti-CD133  Miltenyi Biotec GmbH  , AC133 - 1:1500 - 

Rabbit polyclonal anti-citrate 

synthase  

Abcam, Cambridge, UK ab96600 1:200 1:4000 - 

Rabbit polyclonal anti c-Kit  Dako, CL, USA, A4502 1:400 - - 

Mouse monoclonal anti-

cytochrome c  

BD Bioscience, San Jose, CA, 

556432 

1:400 1:2000 - 
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Rabbit monoclonal cytochrome 

c oxidase subunit VIc 

Abcam, Cambridge, UK,  ab150422 1:200 1:2000 - 

Rabbit polyclonal anti EGFR  Abcam, Cambridge, UK, ab2430 1:300 1:2000 - 

Mouse monoclonal anti-E-

cadherin 

Invitrogen ,Life Technologies, 

NY,18-0223 

1:100 1:1000 - 

Rat monoclonal anti-F4/80  
Santa Cruz Biotechnology, Inc. 

Dallas, TX,  sc52664 

1:150 - - 

Rabbit polyclonal anti-FoxP1 Abcam, Cambridge, UK,  ab191184 1:300 1:1500 - 

Mouse monoclonal anti-

GAPDH 

Abcam, Cambridge, UK, ab9484 1: 200 1:1000 - 

Mouse monoclonal anti-GAD67   Abcam, Cambridge, UK, ab26116 - 1:2000 1:1500 

Mouse monoclonal anti-GFAP  
Santa Cruz Biotechnology, Inc. 

Dallas, TX, sc-33673 

1:200 1:1000 1:150 

Rabbit monoclonal anti-Glut1  Abcam, Cambridge, UK ab40084 1: 200 1: 1500 - 

Mouse monoclonal  anti-HK-I Abcam, Cambridge, UK ab105213 1:500 1:2000 - 

Rabbit polyclonal anti-HKII   Abcam, Cambridge, UK ab3279 1:400 1:2000 - 

 Rabbit  polyclonal ant-HNF4 Abcam, Cambridge, UK, ab92378 1:300 1:1000 - 

Rabbit monoclonal anti-Ki67  
Thermo Scientific, NY RM-9106-

s1 

1:100 - - 

Rabbit polyclonal anti-KLF4 
IMGENX Littleton, USA, IMG-

6081-A 

1:200 1:1000 - 

Rabbit monoclonal anti-LDH  Epitomics, Cambridge, UK, 1980-1 1:300 1:1000 - 

Goat polyclonal anti-LDH-A  
Santa Cruz Biotechnology, Inc. 

Dallas, TX, sc-27230 

- 1:1500 - 

Mouse monoclonal anti-Map2 
Sigma-Aldrich, St. Louis, MI,  

M 4403 

1:400 -  

Rabbit polyclonal anti-Maz Abcam, Cambridge, UK , ab114965 1:300 - - 

Mouse monoclonal anti-

Musashi-1  

Millipore, Billerica, MA, 

MABE268 

1:200 - - 

Mouse monoclonal anti-N-

cadherin  

Invitrogen (Life Technologies), NY 

18-0224 

1:200 - - 

Rabbit polyclonal anti-Nestin  Millipore, Billerica, MA, MAB353 1:400 1:1000 1:1500 

Rabbit polyclonal anti -NGFR 
Santa Cruz Biotechnology, Inc. 

Dallas, TX, sc-8317 

1:200 1:1000 - 

 Rabbit polyclonal anti 

NRSF/Rest 

Abcam, Cambridge, UK , ab70300 1:200 - - 

Mouse monoclonal anti-P53  
Santa Cruz Biotechnology, Inc. 

,Dallas, TX,  sc-126 

- 1:5000 - 

Goat  polyclonal anti-S100b Millipore, Billerica, MA, ABN59 1:300 1:2000 - 

Goat polyclonal anti-Sox2  
Santa Cruz Biotechnology, Inc. 

Dallas, TX,  sc-17320 

1:200 1:1500 - 

Rabbit monoclonal  anti-

VDAC1 

Abcam, Cambridge, UK , ab154856 1:500 1:5000 - 

Mouse monoclonal anti -VEGF  
Santa Cruz Biotechnology, Inc.  

Dallas, TX. sc-65617 

1:50 1:1000 - 

Mouse  monoclonal anti-

Vimentin  

Invitrogen, Life Technologies, NY 

18-0052 

1:300 1:1000 - 
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Table S2: Real-Time PCR primers used in this study 

The genes examined, and the forward and reverse sequences of the primers used are indicated.  

 

Gene Primer sequences 

ß-Actin Forward 5’-ACTCTTCCAGCCTTCCTTCC-3’ 

Reverse 5’- TGTTGGCGTACAGGTCTTTG-3’  

ALDH1L1 Forward 5’-CCAAAGTCCTGGAGGTTGAA-3’ 

Reverse 5’-TAACTCCAGGCCATCACACA-3’ 

BLPB (FABP7) Forward 5’-AGTTTCCAGCTGGGAGAAGAG-3’ 

Reverse 5’-CTTTGCCATCCCATTTCTGTA-3’ 

CS Forward 5’- AGGAACAGGTATCTTGGCTCT-3’ 

Reverse  5’- GGGGTGTAGATTGGTGGGAA-3’ 

c-Myc Forward 5’-GTAGTGGAAAACCAGCAGCC-3’ 

Reverse 5’- CCTCCTCGTCGCAGTAGAAA-3’ 

GFAP Forward 5’- AAGCTCCAGGATGAAACCAAC-3’ 

Reverse  5’- AGCGACTCAATCTTCCTCTCC-3’ 

GAPDH Forward 5’- TGGAAGGACTCATGACCACA-3’ 

Reverse  5’- ATGATGTTCTGGAGAGCCCC-3’ 

GLUT1 Forward 5’- GGCCATCTTTTCTGTTGGGG-3’ 

Reverse  5’- TCAGCATTGAATTCCGCCG-3’ 

Hif-1 Forward 5’-CTGACCCTGCACTCAATCAA-3’ 

Reverse  5’- TCCATCGGAAGGACTAGGTG-3’ 

HK-I  Forward 5’-GTCTCAGTCCAGCACGTTTG-3’ 

Reverse  5’- GAAACGCCGGGAATACTGTG-3’ 

Ki-67 Forward 5’- CTTTGGGTGCGACTTGACG-3’ 

Reverse  5’-GTCGACCCCGCTCCTTTT-3’ 

LDH-A Forward 5’-GCAGGTGGTTGAGAGTGCTT-3’ 

Reverse  5’- GCACCCGCCTAAGATTCTTC-3’ 

MAP2 Forward 5’-TCCAAAATCGGATCAACAGAC-3’ 

Reverse  5’- AGAGCCACATTTGGATGTCAC-3’ 

Nanog Forward 5’- TGGGATTTACAGGCGTGAGCCAC-3’  

Reverse  5’- AAGCAAAGCCTCCCAATCCCAAAC-3’ 

N-cadherin Forward 5’-AGGGATCAAAGCCTGGAACA-3’ 

Reverse 5’- TTGGAGCCTGAGACACGATT-3’ 

Nestin Forward 5’- GAAACAGCCATAGAGGGCAAA-3’  

Reverse 5’- TGGTTTTCCAGAGTCTTCAGTGA-3’ 

Oct-3/4 Forward   5’ GGGCTCTCCCATGCATTCAAAC-3’  

Reverse  5’-CACCTTCCCTCCAACCAGTTGC -3’ 

PCNA Forward 5’- GCCGAGATCTCAGCCATATT-3’ 

Reverse  5’- ATGTACTTAGAGGTACAAAT -3’ 

Snail1 Forward 5’- AGTGGTTCTTCTGCGCTACT-3’ 

Reverse  5’-CTGCTGGAAGGTAAACTCTGG-3’ 

Snail2 (SLUG) Forward 5’-ACATACAGTGATTATTTCCCCGT-3’ 

Reverse 5’- CGCCCCAAAGATGAGGAGTA-3’ 

SOX10 Forward 5’- AGGAGAGGTCCGAGGAGGTG-3’ 

Reverse  5’- CTCAGCTCCACCTCCGATAG-3’ 

p53 Forward 5′-AGGTTGGCTCTGACTGTACC-3′ 

Reverse  5′-AAAGCTGTTCCGTCCCAGTA-3 

SOX2 Forward 5’- CCATGCAGGTTGACACCGTTG -3’ 

Reverse  5’-TCGGCAGACTGATTCAAATAA-3’ 
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SSEA-1(CD15)   Forward 5’-TGAAATAGCTTAGCGGCAAGA-3’ 

Reverse 5’-GTGAATCGGGAACAGTTGTGT-3’ 

Tnc Forward 5’-ATGAATCAGTGGATGGCACA-3’ 

Reverse 5’-CCATTGAGTGCCTGGATCTT-3’ 

TUBB3 Forward 5’-CTCAGGGGCCTTTGGACATC-3’ 

Reverse 5’-CAGGCAGTCGCAGTTTTCAC-3’ 

Twist Forward 5’-TCTTACGAGGAGCTGCAGAC-3’ 

Reverse 5’-TATC CAGCTCCAGAGTCTCT-3’ 

Zeb1 Forward 5’- TTCCTGAGGCACCTGAAGAG-3’ 

Reverse 5’- GGTGTTCCATTTTCATCATGACC-3’ 

Zeb2 Forward 5’-TAGTGTGCCCAACCATGAGT-3’ 

Reverse 5’- TTGCATTCTTCACTGGACCA-3’ 

 

 

Table S3. List of selected genes differentially expressed between si-NT- and si-hVDAC1-treated 

tumors, as identified by DNA microarray analysis 

Selected genes from the down-regulated (cluster 1) and up-regulated (cluster 2) groups (see Fig. 6), 

representing major functional groups, i.e. associated with cell cycle, DNA repair, metabolism (TCA 

cycle, oxidative phosphorylation), regulation of gene expression, Wnt signaling or neuronal 

differentiation, are presented. For each gene, the gene symbol and name, fold change in expression and 

p-value are indicated.  Negative numbers reflect down-regulation. 

 si-hVDAC1- vs.  si-NT-

treated tumors 

 

Gene  Fold-Change p-value Function 

Cluster 1, down-regulated genes 

Cellular metabolism and survival regulation 

EGFR-Epidermal growth factor 

receptor 

-2.78 4.9E-03 EGF receptor, activates the oncogenic Ras 

signaling cascade 
13

 

MDM2-p53 binding protein 

homolog 

-7.97 2.2E-03 ligase, regulates p53 level via degradation 
14

 

HIF1α-Hypoxia inducible factor 1, 

alpha subunit   

-13.34  2.2E-03 Transcription factor, master regulator of 

response to hypoxia 
15

 

Cell cycle 

CCNB1-cyclin B1 -4.61 1.9E-03 Essential for the control of the cell cycle at 

G2/M (mitosis) 
16

 

CCNG1-cyclin G1 -19.46 2.8E-05 Associated with G2/M phase arrest in 

response to DNA damage in the TP53 

pathway 
17

 

DNA repair 

ATM-serine/threonine kinase -3.10 3.8E-03 Activates checkpoint signaling upon double 

strand breaks 
18

 

BRCA2-Breast cancer 2 -4.20 8.9E-04 Involved in double-strand break repair 

and/or homologous recombination 
19

 

TP53BP1-Tumor protein p53 

binding protein 1 

-3.10 1.3E-03 Enhances TP53-mediated transcriptional 

activation 
20

.  

TP53BP2-Tumor p53 binding 

protein 2 

-2.35 1.6E-03 Regulates TP53 by enhancing its DNA 

binding 
20

 

TCA cycle 

IDH3A-Isocitrate dehydrogenase 3 

alpha subunit 

-9.00 6.1E-04 TCA cycle enzyme involved in energy  

production 
21

 

SDHB-Succinate dehydrogenase -4.86 4.5E-03 Involved in energy  production 
22
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complex, subunit B, 

Oxidative phosphorylation 

NDUFB6-NADH dehydrogenase 

(ubiquinone) 1 beta sub-complex, 6, 

-4.69 3.0E-04 Electron transport  component, energy 

production 
23

 

ATP5B-ATP synthase, beta subunit -2.77 1.0E-03 Uses mitochondrial   for ATP synthesis 
24

 

COX6C-Cytochrome c oxidase, 

subunit VIc 

-11.29 2.5E-03 Electron transport  component, energy 

production 
25

 

Cluster 2, up-regulated genes 

Negative regulation of gene expression 

ID4-Inhibitor of DNA binding 4 6.10 4.4E-03 Does not bind DNA directly, rather inhibits 

activity of other transcription factors 
26

 

FOXP4-Forkhead box P4 5.20 9.2E-03 Transcriptional repressor that represses 

lung-specific expression 
27

 

Wnt signaling 

FZD1-Frizzled homolog 1 4.47 8.2E-03 Receptor for Wnt proteins 
28

 

WNT1-Wingless-type MMTV 

integration site family, member 1 

6.19 4.8E-03 Ligand for members of the frizzled family 

receptors 
29

 

Neuron differentiation 

UNC5B-homolog B, Netrin receptor 2.88 1.4E-03 A netrin-1 receptor, thought to mediate the 

netrin-1 chemorepulsive effect 
30

 

CDK5R1-cyclin-dependent kinase 5, 

regulatory subunit 1 (p35) 

6.11 

 

3.5E-04 

 

Involved in proper development of the 

central nervous system 
31

 

MANF-Mesencephalic astrocyte-

derived neurotrophic factor 

4.48 

 

9.2E-04 

 

Involved in ER stress-induced death and 

cell proliferation 
32

 

 

 

Table S4. List of selected genes associated with tumor oncogenic properties differentially 

expressed in si-NT- and si-hVDAC1-treated tumors, as identified by DNA microarray 

analysis 

Selected genes whose expression changed and are associated with invasion, including 

metallopeptidases (MMP) and inhibitors of their transcription, extra-cellular matrix proteins (EMC) 

and integrin and angiogenesis, are listed, as is their function. For each gene, fold change in 

expression, p-value and function are indicated. Negative numbers reflect down-regulation. 

Invasive related genes 

si-hVDAC1- vs.  

si-NT-treated 

tumors Function 
Fold  

Change 

p-value 

MMP transcription and function inhibitors 
ID4-inhibitor of DNA binding 4 

6.10 
4.4E-04 Transcriptional negative regulator of basic helix-

loop-helix TFs 
26

 

TIMP1-metallopeptidase inhibitor 1 
-5.80 

9.0E-05 Inhibitor of several MMPs, including   MMP-3, 

MMP7-13 and MMP16 
33

 

TIMP2-metallopeptidase inhibitor 2 
-4.00 

3.4E-03 Inhibitor of several MMPs, including MMP-1-3, 

7-10 , 13-16, 19 
34

 

TIMP3-metallopeptidase inhibitor 3 
-4.71 

2.3E-03 Inhibitor of several MMPs, including MMP-1-3, 

7,9 ,13-15 
35

 

MMP proteins 
MMP2-matrix metallopeptidase 2 -7.9 2.3E-03 Metalloproteinase cleaving gelatin type I and 

collagen types IV, V, VII, X 
36
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MMP16- matrix metallopeptidase 16 -2.3 7.9E-03 Metalloproteinase  cleaving collagen type III and 

fibronectin 
37

 

ADAM9-Disintegrin and metallo-

proteinase domain-containing 

protein 9 

-11.0 5.0E-04 Membrane-anchored zinc protease implicated in 

cell-cell and cell-matrix interactions 
38

 

ADAM12-Disintegrin and metallo-

proteinase domain-containing 

protein 12 

-7.1 6.0E-04 

 

Membrane-anchored zinc protease involved in 

cell-cell and cell-matrix interactions 
39

 

ECM and integrin genes 
LAMB1-laminin, beta 1 chain -4.2 9.0E-03 Component of the ECM 

40
 

LAMC1-laminin, gamma 1 -5.1 6.6E-04 Component of the ECM 
41

 

ITGA2-integrin, alpha 2 -4.9 2.6E-04 Mediates cell matrix and cell-cell interactions 
42

 

ITGA3-integrin, alpha 3 (subunit of 

VLA-3) 

-7.4 5.3E-04 

 

Mediates cell matrix and cell-cell interactions 
43

 

ITGA5-integrin, alpha 5 (fibronectin 

receptor) 

-4.2 4.7E-03 Mediates cell matrix and cell-cell interactions 
44

 

ITGB1BP1-integrin beta 1 binding 

protein 1 

-4.2 3.7E-04 

 

Mediates cell matrix and cell-cell interactions 
45

 

ITGB3BP-integrin beta 3 binding 

protein 

-6.6 1.2E-03 Mediates cell matrix and cell-cell interactions 
46

 

CD44-Hyaluronic acid receptor -3.1 3.8E-04 Receptor for hyaluronic acid 
47

 

CD99-Transmembrane glycoprotein -9.0 2.1E-04 Inhibits cell-extracellular matrix adhesion 
48

 

CD164-Sialomucin core protein 24 

(endolyn) 

-21.2 2.1E-04 Cell adhesion molecule 
49

 

Angiogenesis 
VEGFB-Vascular endothelial growth 

factor B 

4.5 3.4E-04 Growth factor for endothelial cells of newly 

formed blood vessels 
50

 

VEGFC-Vascular endothelial growth 

factor C 

-2.1 6.3E-05 Growth factor for lymphatic endothelial cells 
51

 

NRP1-Neuropilin 1 -4.7 1.8E-04 Membrane co-receptor for both VEGF and 

Semaphorin, also  functions in axon guidance, 

cell survival, migration, and invasion 
52

 

TGFB1-Transforming growth factor, 

beta 1 

-3.1 2.3E-04 Growth factor controlling proliferation, 

differentiation and more cell functions 
53

 

TGFBR1-Transforming growth 

factor, beta receptor 1 

-2.2 1.1E-03 Co-receptor for TGFBR2 activated by bound 

TGFβ 
54

 

TGFBR2-Transforming growth 

factor, beta receptor 2 

-6.7 1.5E-04 Constitutively active co-receptor  TGFBR1 of  

bound TGFβ 
55

 

CD109- tumor endothelial cells 

marker 

-12.3 2.0E-04 GPI-linked cell surface antigen 
56

 

Angiogenic inhibitors 
HIF1AN-hypoxia inducible factor 1, 

alpha subunit inhibitor 

-2.3 6.8E-04 Preventing interaction of HIF-1 with 

transcriptional co-activators 
57

 

SERPINF1-Serpin peptidase 

inhibitor, clade F 

2.3 9.2E-03 Inhibitor of neovascularization and tumorigenesis 

and activator of neurotrophic functions 
58

 

THBS1-Thrombospondin 1 10.4 3.2E-03 Inhibitor of neovascularization and tumorigenesis 
59
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Table S5. Master TFs, p53, HIF1-a and c-Myc, and their regulation of tumor oncogenic 

properties via a panel of other TFs 

The indicated TFs levels were analyzed in si-NT- and si-hVDAC1-TTs using q-RT-PCR, 

immunoblotting, IHC staining or DNA microarray analysis.  

Master 

TF 

 

Regulated TF 

 

Oncogenic properties 

 

Reference 

 

 

p53 

Klf4, Oct3/4, c-Myc Stemness 60
 

Sox2, Nanog, Oct3/4 Stemness 61
 

Snail1 EMT 62
 

Twist* EMT 63
 

Zeb 1, 2 EMT 64
 

 

HIF1- 

Sox2, Oct3/4, Nanog, 

Klf4 

Stemness 65
 

Snail, Twist EMT 66
 

Zeb1 EMT 67
 

NRSF Neuronal differentiation 

suppressor 

68
 

Foxp1 Oncogene/Tumor 

suppressor 

69
 

 

c-Myc 

Sox2 Stemness 70
 

Nanog**, Klf4**, Oct3/4 Stemness 71-73
 

Snail EMT 74
 

Twist EMT 75
 

NRSF Neuronal differentiation 

suppressor 

76
 

FOXP1 Oncogene/Tumor 

suppressor 

77
 

MAZ Differentiation suppressor 78
 

 

*Twist is involved in the regulation of p53 activation 

**Nanog and Klf4 are involved in the regulation of c-Myc transcription function 
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Figure S1. si-VDAC1 silences VDAC1 expression and inhibits cell growth in several human 

glioblastoma cell lines but to lesser extents in non-cancerous cells 
(A) Immunoblot of murine GL-261 and human U-87MG and U-251MG cells treated for 48h with si-NT or si-

hVDAC. (B,C)  GBM U-118MG and U-251MG cells and non-cancerous, HaCat cells were treated with si-NT 

or si-hVDAC1 (5-50 nM) and 48 h post-transfection, the cells were analyzed for VDAC1 expression levels (B) 

and cell growth using the SRB method (C). (D,E) U-251MG, LN-18 and U-118MG (human glioblastoma) cells 

were treated  for the indicated times with si-NT or si-hVDAC1 (50 nM) and at the indicated time were analyzed 

for VDAC1 levels (D) by immunoblotting or analyzed for cell growth at the indicated time using the SRB (E) 

method (n=3), 48h (black bars), 72h (gray bars), 96h (light gray bars)  and  120h (white bars). (F, G) U-87MG 

cells were treated with 50 nM of 4 distinct si-hVDAC1 (2/A, A, B, C) or siRNA recognizing both murine and 

human VDAC1 (M/H) or with si-NT for 48 h and VDAC1 expression levels (F) and cell growth (G) were 

analyzed. (H-I) Mouse GL-261 and rat C6 cells were treated for 48 h with si-NT or si-VDAC1 (M/H) (75 nM) 

and then analyzed for VDAC1 levels (H) or cell growth (GL-261, gray bars and C6, white bars) using SRB (I). 
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Figure S2. Inhibition of tumor development by si-hVDAC1 in U-87MG and U-118MG xenograph 

mouse models 
)A) Mouse body weight of si-NT and si-hVDAC1 U-87MG xenograft-treated mice. (B, C) Dissected tumors (B) 

and the weight (C) of U-87MG cell xenografts treated with si-NT (black bar), si-hVDAC1 (dark gray bar) or si-

hVDAC1 transferred into si-NT (light gray bar). The results show the mean ± SEM (n= 8-16), (***-p<0.001). (D, 

E) U-118MG cells were s.c. inoculated into male athymic nude mice. On day 25, the mice were divided into 2 

groups (average tumor volume, 60 mm
3

) and injected intratumorally every three days with si-NT (●, 5 mice) or 

si-hVDAC1(2/A) (o, 5 mice) to a final concentration of 50-60 nM. Differences in tumor volume (D) and weight 

(E) between si-NT-and si-hVDAC1(2/A)-TTs were highly significant (**-p<0.01). (F) IHC representative 

sections from si-NT- and si-hVDAC1-TTs immunostained for VDAC1 and for Ki-67. (G) VDAC1 levels in si-

NT- and si-hVDAC1-TTs as analyzed by immunoblotting. RU=average relative VDAC1 level. (H) Sections of 

paraffin-embedded U-87MG s.c. xenograft from si-NT- or si-hVDAC1-TTs stained with PI or TUNEL showing 

no cell death.  



19 
 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3. si-hVDAC1 inhibition of orthotopic GBM derived from U-87GBM or MZ-18 PDX cells   

Orthotopic GBM. (A) MRI imaging of brains engrafted with U-87MG cells (8 x 10
4
) 30 days after 

engraftment. Two days post-engraftment, the mice were divided into 2 groups (6 mice each) and injected 

i.v. every 3 days with 100 l of si-NT- or si-hVDAC-encapsulated PLGA-PEI nanoparticles (400 nM 

siRNA). (B) Similar experiment as in (A), using MZ-18 (PDX) cells (10x10
4
). Two days post-

engraftment, the mice were divided into 2 groups (6 mice each) and injected i.v. with 100 l of si-NT- or 

si-hVDAC-encapsulated PLGA-PEI nanoparticles (400 nM siRNA). MRI imaging was carried out 45 

days post- engraftment and 10 days after treatment was terminated. Tumors are circled and arrow points 

to possible residual tumor. 
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Figure S4. si-hVDAC1-TTs showed a reversal of reprogramed metabolism  

U-118MG cell xenografts (s,c) treated with si-NT or si-hVDAC1 to a final concentration of 50 nM 

(A) IHC staining of si-NT- or si-hVDAC1-TTs sections from s.c. U118MG-derived tumors using specific 

antibodies against HK-I and CS. (B) Immunoblot staining for HK-I, GAPDH, LDH-A, CS, ATP synthase 

5a and VDAC1. -actin immunostaining serving as a loading control is presented.  RU = relative unit. 
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Figure S5. si-hVDAC1-TTs showed increased expression of differentiation markers  

(A) Proteins extracted from s.c si-NT- or si-hVDAC1-TTs derived from U-118MG cells were 

immunoblotted for TUBB3, GFAP and GAD-67. -actin immunostaining serving as a loading control is 

presented. RU=relative unit. (B) IHC staining of si-NT- or si-hVDAC1-TT sections from a U-118MG-

derived tumor using specific antibodies against TUBB3, GFAP and GAD-67.  (C)  IHC staining of si-

hVDAC1-TT for TUBB3 and GFAP.  
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Figure S6.  si-hVDAC1 treatment altered expression of stem cell and EMT markers 

 (A)  IHC of si-NT- or si-hVDAC1-TT sections from U-118 tumors stained for the stem cell markers Nestin, 

Sox2 and Klf4. (B) Immunoblot analysis of CD133, Klf4, CD44 and Nestin levels in si-NT- and si-hVDAC1-

TTs sections from U118MG-derived tumors. RU = average relative protein expression levels. IHC staining (C) 

and immunobloting (D) of si-NT- and si-hVDAC1-TTs (s.c) sections from U-87MG tumors stained for E-

cadherin, N-cadherin and vimentin. (E) qRT-PCR analysis of N-cadherin (N-Cadh), Snail1, SLUG, Zeb1, 

Zeb2 and Twist mRNA levels in si-NT- and si-hVDAC1-TTs. Results are the mean ± SEM (n=3-5, p:* ≤0.05; 

** ≤0.01). RU = average relative levels.  
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Figure S7.  si-hVDAC1 tumor treatment inhibited invasion and angiogenesis  

A) H&E staining of si-NT- and si-hVDAC1-treated U-87MG and U-118MG tumors, showing representative 

sections. Arrows point to muscle, indicative of tumor invasion. (B) Representative IHC staining for Nestin in 

sections from brains engrafted with si-NT- or si-VDAC1-treated U-87MG cells, 22 days after cells 

engraftation. Arrows point to tumor invasion in the brain. (C) Representative IHC staining of blood vessels in 

sections from si-NT- and si-hVDAC1-TTs derived from U-87MG tumors, as revealed using anti-CD31 

antibodies. Black arrows point to blood vesicles. (D) Quantitative analysis of microvessel density (MVD) per 

unit area expressed as means ± SEM, *** p<0.001; si-NT versus si-hVDAC1 (n = 5 animals from each group). 

(E-G) Immunoblotting (E) and IHC staining of tumor sections derived from U-87MG tumors treated with si-

NT- or si-hVDAC1 using anti-VEGF (F) or anti-F4/80 (G) antibodies. 
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Figure S8. Altered expression levels of TFs FOXP1, NRSF, HNF4 and MAZ in si-hVDAC1- TTs  

(A) Immunoblot of HNF4 and FOXP1 in si-NT- and si-hVDAC1-TTs. RU = Average relative level. (B) IHC 

staining of si-NT- or si-hVDAC1-TTs using antibodies specific to the TFs identified in A: FOXP1, NRSF, 

HNF4 and MAZ.  
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Figure S9. Itraconazole directly interacts with purified VDAC1 to reduce channel conductance and inhibit 

cell growth. 

 A.  Purified VDAC1 (200 nM), labeled using the NanoTemper fluorescent protein-labeling Kit BLUE, was 

incubated with increasing concentrations of itraconazole. After 20 min of incubation, 3-5 μl of the samples were 

loaded into MST-grade glass capillaries and the thermophoresis process was measured using the Monolith-NT115 

apparatus. The results are presented as the percent of the bound fraction, calculated as: 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑏𝑜𝑢𝑛𝑑 =  100 ×
F−F𝑚𝑖𝑛

F𝑚𝑎𝑥−F𝑚𝑖𝑛
. B. Purified VDAC1 was reconstituted into a PLB and currents through VDAC1, in response to a 

voltage step from 0 to 10 mV, were recorded before and 30 min after the addition of 40 µM of itraconazole. C. 

Multi-channel recordings of VDAC1 conductance as a function of voltage, and the average steady-state 

conductance of VDAC1 before (o) and 30 min after the addition of itraconazole (●). Relative conductance (G/Go, 

conductance/maximal conductance) was determined at a given voltage. The data were normalized according to the 

conductance obtained at -10 mV (maximal conductance). D. U-87MG (●), U-118MG (○), LN-18 (▲) and mouse 

PBCs (■) grown in DMEM  in 96-well plates (2000 cells/per well), and HUVEC (Δ)  grown in  complete EBM-2  

were  incubated  for 24h with the indicated concentrations of itraconazole  and then analyzed for cell growth using 

the SRB  method (n=3). E. U-87MG cells were s.c. inoculated into male athymic nude mice. On day 10, the mice 

were divided into 2 groups (each 5 mice, average tumor volume, 80 mm
3

) and injected intratumorally every two 

days with 5% glucose solution containing 5% DMSO (●) or itraconazole (o) to a final concentration of 30 M (E) 

or 100 M (F). The arrow indicates a switch in itraconazole treatment from 30 to 100 M. G. MZ-18 (PDX) cells 

were inoculated intracranially into the brain of female athymic nude mice. On day 5, the mice were randomly 

divided into 3 groups (5 mice each). The first and second groups were injected i.v. every two days with 5% glucose 

solution containing 5% DMSO or itraconazole (50 mg/kg). The third group received intraconazole in the drinking 

water (DW) (50 mg/kg). Tumor volume was calculated from MRI images taken 34 days post-cell 

engraftment, as described in the Materials and Methods section. Differences in tumor volume were significant 

(**-p<0.01; *** ≤0.001).  


