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Supplementary Materials and Methods 

 

Plasmids  

The following plasmids were transfected: pcDNA3 empty control vector (Invitrogen), pcDNA3 

plasmids containing as inserts HA-tagged HSP90β (Addgene plasmid 22487, (1)), HA-

tagged dominant-negative mutant of HSP90β (HSP90 DN) (Addgene plasmid 22480, (2)), 

non-hydroxylatable/non-degradable mutants of HIF-1α (HIF-1α-mPPN, where Pro402, 

Pro564 and Asn803 were mutated to Ala) and HIF-2α (HIF-2α-mPPN, where Pro405, Pro531 

and Asn847 were mutated to Ala) with a C-terminal V5-tag (3), and human VHL (4). For the 

generation of a lentiviral HA-tagged dominant-negative mutant of HSP90β (HSP90 DN) or a 

GFP expressing control construct, primers containing attB1 and attB2 recombination sites 

were designed. Following amplification by PCR, the inserts were recombined into the 

pDONR221 vector (Thermo Scientific) following the manufacturer’s instructions. 

Subsequently, a second recombination reaction was performed to transfer the expression 

constructs into the pLenti6/V5-DEST expression vector (Thermo Scientific) according the 

manufacturer’s instructions. 

 

Primer sequences 

The following primers were used for real-time PCR: 

ASPHD2 fw: CTTCGGACCTGTATTGGGAAC 

ASPHD2 rev: CAGCTCACAGCCATTTGGAG 

CA IX fw: AAGAAGAGGGCTCCCTGAAG 

CA IX rev: TAGCGCCAATGACTCTGGTC 

CD133 fw: TTGACCGACTGAGACCCAAC 

CD133 rev: AGGTGCTGTTCATGTTCTCCAAC 



CD15 fw: GGTCTATCGCCGCTACTTCC 

CD15 rev: AGTTCCGTATGCTCTTGGGC 

HIF-1α fw: CCATTAGAAAGCAGTTCCGC 

HIF-1α rev: TGGGTAGGAGATGGAGATGC 

HIF-2α fw: CGAACACACAAGCTCCTCTC 

HIF-2α rev: GTCACCACGGCAATGAAAC 

HPRT1 fw: TATGGCGACCCGCAGCCC 

HPRT1 rev: GCAAGACGTTCAGTCCTGTCCAT 

MAML3 fw: CAGCAGGTCAATCAGTTTCAAG 

MAML3 rev: GGTTCTGGGAGGGTCCTATTC 

musashi fw: CCGGCTTCGGCCACAGTCTTGGG 

musashi rev: GCAGGCAGTAGCGGGTCCGAGTCG 

Nanog fw: GCAGAAGGCCTCAGCACCTA 

Nanog rev: AGGTTCCCAGTCGGGTTCA 

Nestin fw: AGACTTCCCTCAGCTTTCAGG 

Nestin rev: TGGGAGCAAAGATCCAAGAC 

NFATc2 fw: CAGTGGCAGAATCGTCTCTTTAC 

NFATc2 rev: GCTGTCTGTGTCTTGTCTTTCAAC 

NFE2L2 fw: GACATTCCCGTTTGTAGATGAC 

NFE2L2 rev: GGTGACTGAGCCTGATTAGTAGC 

Oct4 fw: GCTCGAGAAGGATGTGGTCC 

Oct4 rev: CGTTGTGCATAGTCGCTGCT 

Sox2 fw: GCCGGCGGCAACCAGAAAAACAG 



Sox2 rev: CCGCCGGGGCCGGTATTTAT 

VEGF-A fw: AGCCTTGCCTTGCTGCTCTA 

VEGF-A rev: GTGCTGGCCTTGGTGAGG 

 

RNA isolation and Northern blotting 

Isolation of RNA and Northern blotting were performed as previously described (4, 5). Total 

cytoplasmic RNA was isolated by the guanidinium-isothiocyanate method. Aliquots of 10 µg 

RNA were run on a 1.4% agarose gel containing 5.5% formaldehyde in 1 3 MOPS buffer (20 

mM 3-(n-morpholino) propane sulfonic acid [pH 7.0], 8 mM sodium acetate, 1 mM EDTA) 

and transferred to a nylon membrane (Duralon; Stratagene) in 20x SSC buffer. RNA was UV-

cross-linked to the membrane (120 mJ/cm2) and filters were hybridized with [32P]-dCTP-

labelled cDNA probe (Prime-It II, Random Primer Labeling Kit, Stratagene). Hybridization in 

QuikHyb hybridization solution (Stratagene) plus 200 mg/ml salmon sperm DNA was for 1 h 

at 68 °C. Two stringency washes in 2x SSC, 0.1% SDS at 60 °C for 10 min were followed by 

a final wash in 0.1x SSC, 0.1% SDS at 60 °C for 5 min. Blots were exposed to Kodak X-

OMAT-XAR-2 film with an intensifying screen at –70 °C for 2 to 10 days.  
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Supplementary Figures 

 

Supplementary Figure S1 

Expression of HIF and HIF target genes in cells exposed to varying O2, CO2 and glucose 

levels. Northern blot analysis of mRNA expression of HIF-1/2α and HIF target genes in G55, 

G121, G141 and G142 glioblastoma cells, exposed to the indicated O2 (normoxia: 21% O2, 

hypoxia: 1% O2), CO2 (normocapnia: 5% CO2, hypercapnia: 10% CO2) and glucose levels 

(high glucose: 4.5 g/l; low glucose: 1.0 and 0 g/l glucose). 



 

 

 

Supplementary Figure S2 

Acidosis enhances the CSC phenotype. A, expression of a panel of CSC marker genes (A) 

and FACS staining for the CSC marker CD15 GBM015 in cells exposed to pH7.4 and pH6.7 

at 1% O2. 

  



 

Supplementary Figure S3 

Silencing of HIF1/2α. GBM015 cells were co-transfected with with non-silencing control or 

HIF-1/2α siRNA, and after 18 hr of incubation at 1% O2 the level of HIF1/2α protein (A) and 

mRNA (B) was determined by immunoblot and qPCR, respectively. 

 

  



 

 

Supplementary Figure S4 

HSP90 inactivation by a dominant negative form of HSP90 reduces HIF levels and inhibits 

tumor growth. A, overexpression of dominant negative HSP90 decreases HIF levels in vitro. 

Immunoblot of G55 control and HA-HSP90 DN expressing cells cultured at pH7.4 or 6.7 

under hypoxia for 18 h. B-D, loss of HSP90 function reduces tumor growth and intratumoral 

HIF levels. G55 cells expressing GFP (control) or HA-tagged HSP90 DN, were orthotopically 

transplanted into nude mice. B, tumor xenografts were HE-stained and the tumor volume 

was quantified (n=9-10). C, immunoblot for HIF-1/2α and HA in extracts from representative 

control and HA-HSP90 DN tumors. D, quantification of HIF-1α and HIF-2α levels in control 

and shHSP90 tumors (n=9-10). All values are mean + SEM. **p<0.01; ***p<0.001. Scale bar, 

1 mm (B). 

 

  



 

 

Supplementary Figure S5 

Loss of HSP90 increases survival and reduces intratumoral HIF levels. A, B, HSP90 

silencing promotes survival and reduces tumor initiating capacity. G55 cells stably 

transduced with non-silencing control or HSP90α/β shRNA were transplanted 

subcutaneously in nude mice. Loss of HSP90 increased morbidity-free survival of mice 

(n=10) (A) and reduced the tumor initiating capacity (B). C,D, loss of HSP90 reduces HIF-1α 

and HIF-2α levels in subcutaneous tumors. C, immunoblot for HIF-1/2α and HSP90 in 

extracts from representative control and shHSP90 tumors. D, quantification of HIF-1α and 

HIF-2α levels in control and shHSP90 tumors (n=6-14). All values are mean + SEM. *p<0.05. 

 


