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mg/ml aprotinin). Alternatively, fresh frozen tissues were resuspended in a suitable volume of lysis 

buffer and homogenized. Afterwards, lysates were clarified by centrifugation (10 min at 4°C) and 

the supernatant collected. Protein concentration was determined by the Bradford assay (Bio-Rad). 

Equivalent amounts of protein were electrophoresed on SDS-polyacrylamide gels. The gels were 

then electroblotted onto PVDF membranes. After blocking with 5% milk, membranes where 

incubated with the primary antibody overnight. Finally, the relevant protein was visualized by 

staining with the appropriate secondary horseradish peroxidase-labeled antibody for 1 hour 

followed by enhanced chemiluminescence. Densitometric scanning analysis was performed by 

Mac OS 9.0 (Apple Computer Int), using NIH Image 1.62 software. 

 

Antibodies 

The following primary antibodies were used: mouse anti-Ki67 (MIB-1) (DAKO),   mouse anti-

HIF-1a, mouse anti-CXCR4, mouse anti-Lamin A/C (BD Bioscience, San Jose, CA), rabbit anti-

NOS2, mouse anti-CD45, rabbit anti P2X7R, goat anti-RAGE, rabbit anti-NF-kB p65, (Santa Cruz 

Biotechnology, Santa Cruz, CA), rabbit anti-PTX3 (Alexis Biochemical, San Diego, U.S.A.), 

rabbit anti-COX2 (Cayman Chemical, Ann Arbor, MI), mouse anti-b-actin (Sigma-Aldrich, St 

Louis, MO), CD133 PE (Militenyi Biotec, Bergisch Gladbach, Germany), and glial fibrillary acific 

protein (GFAP) (DAKO). The following secondary antibodies were used: anti-mouse Alexa 488, 

(Invitrogen-Molecular Probes, Eugene, Oregon), mouse anti-rabbit HRP, goat anti-mouse HRP 

(Amersham Biosciences, Piscataway, NJ), and donkey anti-goat HRP (Santa Cruz).  

 

Hypoxia 

Hypoxic conditions were achieved by incubating glioblastoma stem cells in a hypoxia chamber 

(Billups-Rothenberg Inc. CA) where a 1% oxygen mix was flushed in for 4 minutes according to 

the manufacturer’s instructions.  
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mRNA expression of genes involved in the inflammatory response in tissue samples from host, 

tumor and peritumor samples of glioblastoma tumors was analyzed by RT-PCR. Figure 3 shows 

expression levels for the alarmin or DAMP receptors RAGE and P2X7R, for the inducible 

enzymes COX2 and NOS2, and for the acute phase protein PTX3. mRNA expression of the 

membrane receptors RAGE and P2X7R was up-regulated in tumor versus host tissue. Figure 3 also 

shows that mRNA expression of COX2 was up-regulated in tumor tissues, whereas no change was 

observed when comparing peritumor and host tissue. By contrast, NOS2 mRNA showed a pattern 

of increasing up-regulation from peritumor to tumor tissue compared to the host tissue. Finally, 

PTX3 mRNA was increasingly up-regulated from peritumor to tumor tissue in comparison to 

expression levels in host tissue (Fig. 3).  

Pro-inflammatory protein expression in the glioblastoma tumor microenvironment 

Figure 4A shows expression levels for the pro-inflammatory proteins P2X7R, RAGE, NOS2, 

COX2 and PTX3. Separation of host, peritumor and tumor fractions from glioblastoma samples 

obtained by neuronavigator revealed an overexpression of all pro-inflammatory proteins examined 

(Fig. 4A) in the tumor fractions. In fact, expression of the membrane receptors RAGE and P2X7R 

was up-regulated in tumor versus peritumor or host tissues (Fig. 4A). The inducible enzymes 

COX2 and NOS2 were up-regulated in both tumor and peritumor tissue. However, the 250KDa 

form of NOS2 showed an increase only in tumor tissue (Fig. 4A). The acute phase protein PTX3 

did not show any differences among the three tissue fractions examined (Fig. 4A). Importantly, 

host and tumor fractions examined in our study did not show any significant presence of 

leukocytes as shown by CD45 staining in figure 4B.  

 

Hypoxia regulates expression of pro-inflammatory genes and proteins in glioblastoma stem 

cells  
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Cancer stem cells are represented by those cells within a tumor that can self-renew and propagate 

new tumors [13,14]. In particular, cancer stem cells have been reported to be the only tumorigenic 

population in GBM [15]. Therefore, we isolated undifferentiated GBM cells from tumor biopsies in 

order to investigate if the overexpression of pro-inflammatory proteins observed in tumor fractions 

was also present in this population. Two different GBM stem cells populations, called GBM-M and 

GBM-Q, were isolated from biopsies from two separate tumors. Both GBM-M and Q grew as 

tumor spheres and showed similar responses to hypoxia as shown below. Furthermore, they were 

characterized by measuring both stem cell and differentiation-related markers. Figure 5A shows that 

the stem cell/progenitor marker CD133 was expressed only in GBM-M spheres. When GBM-M 

stem cells were differentiated for 1 week, CD133 expression was undetectable (Fig. 5A). By 

contrast, expression of the astrocytic marker glial fibrillary acid protein (GFAP), was expressed in 

differentiated but not in stem GBM-M cells (Fig. 5B). Similar results were obtained with the GBM-

Q population (not shown).  

We have previously shown that hypoxia increases expression of pro-inflammatory proteins in 

prostate and breast tumor cells [10,11]. Therefore, GBM stem cells were incubated under hypoxic 

conditions. Figure 6A shows that GBM stem cells, growing as tumor spheres, reduce their growth 

rate when incubated under hypoxia. However, tumor spheres survive up to 5 days of hypoxia 

without showing any sign of necrosis (Fig. 6A). The major transcription factor activated by hypoxia 

is HIF-1a. Figure 6B show sections of spheres incubated either in normoxia (C) or hypoxia for 17h. 

HIF-1a was expressed in the stem cells forming the GBM tumor spheres. Hypoxia incubation 

clearly increased HIF-1a expression and nuclear accumulation (Fig. 6B).  

Figure 7A shows that hypoxia influenced the expression of pro-inflammatory genes and proteins in 

GBM stem cells. In fact, mRNA expression for HIF-1a, NF-kB, RAGE, P2X7R, COX2, and 

CXCR4 was increased when stem cell spheres were incubated in hypoxia for 2, 6 and 24h (Fig. 

7A). VEGF, a HIF-1a target gene, was increased after 24h of hypoxia following a peculiar initial 
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decrease at 2 and 6 h (Fig. 7A). By contrast, PTX3 mRNA expression was not influenced by 

hypoxia (Fig. 7A). The binding capacity of HIF-1a to HRE, measured by ELISA, showed an initial 

increase after 2 and 6h of hypoxia, and a subsequent decrease at 24h as shown in figure 7B. Both 

GBM-M and GBM-Q were assessed with similar results (Fig. 7B). Figure 7C shows that GBM-M 

stem cells spheres express transcription factors such as HIF-1a and NF-kB as well as the pro-

inflammatory proteins RAGE, P2X7R, COX2 and PTX3, and the chemokine (C-X-C motif) 

receptor 4 (CXCR4). Hypoxia increased the expression of HIF-1a at 6h and NF-kB at 24h. The 

expression of COX2, RAGE, P2X7R and PTX3 was increased after 6h of hypoxia (Fig. 7C) but 

showed a reduction after 24h of hypoxia, a time point where HIF-1a expression was also 

significantly reduced. Finally, 24h of hypoxia increased the expression levels of CXCR4 (Fig. 7C). 

Interestingly, when GBM-M stem cells were differentiated for 1 week and then incubated under 

hypoxia, expression of the proteins examined was reduced. In fact, HIF-1a was not detected in 

normoxic cells as it was in the tumor spheres, but was still induced by hypoxia. NF-kB expression 

did not change between normoxic and hypoxic cells. The membrane receptor RAGE was expressed 

at lower levels and showed a low induction by hypoxia. The other membrane receptor P2X7R was 

present but not influenced by hypoxia. The inducible enzyme, COX2 was increased after 6h of 

hypoxia, in a manner similar to what was observed in the stem cells. Finally, CXCR4 was barely 

detectable in differentiated cells and was not induced by hypoxia (Fig. 7C). 

 

Hypoxia increases invasion and migration of glioblastoma stem cells  

Expression of membrane receptors such as CXCR4, a Gi protein-coupled receptor for the ligand 

CXCL12/stromal cell-derived factor 1a (SDF-1a), has been associated with increased proliferation, 

invasion and migration in GBM as well as in several other tumors and tumor cell lines [18,19]. 

Figure 8 shows that both GBM-M and GBM-Q stem cells showed an invasive and migratory basal 

capacity measured after 48h of normoxic incubation that was not increased by SDF-1a addition. 













Figure 2
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