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Cancer stem cells in isocitrate dehydrogenase wild type glioblastoma express components of the renin-
angiotensin system and cathepsins B, D and G
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Introduction: Isocitrate dehydrogenase wildtype glioblastoma (GB), the most aggressive form of brain glioma, is associated with a
median survival of 25 months. Cancer stem cells (CSCs) have been proposed to be the origin of many cancers, including GB. Renin-
angiotensin system (RAS) has been associated in CSCs in different types of cancers. This study aimed at identifying and characterising
the CSC population within GB tissues for the CSC markers, components of the RAS, and the protease cathepsins B (CathB), D
(CathD) and G (CathG), which provide potential bypass loops for the RAS. As well neuro-spheres derived from fresh GB samples
were investigated their expression of stem cell markers, TRA 1-60, OCT4, SOX2 and SSEA-1, and the aforementioned markers.

Methodology: DAB and immunoflourenscent immunohistochemical (IHC) staining was performed on 7 GB samples for the
expression of CSC markers SALL4, OCT4, SOX2, pSTAT3 and NANOG; components of the RAS, namely pro-renin receptor (PRR),
angiotensin converting enzyme (ACE), angiotensin II receptor 1 (ATIIR1) and angiotensin II receptor 2 (ATIIR2); and CathB, CathD
and CathG. NanoString mRNA analysis was performed on 5 of the original 7 GB samples, for the transcriptional expression of the
same markers. 6 fresh samples of the original cohort of GB were grown in culture and stained for TRA 1-60, OCT4, SSEA-1 and
SOX2, markers associated with CSCs. These cells were subjected to transcriptional analysis for CSC makers, components of RAS and
CathB, CathD and CathG.

Results: IHC staining demonstrated a significant number of GB cells expressing SOX2 and pSTAT3. A subset of these expressed OCT4,
SALL4 and NANOG. NanoString mRNA analysis demonstrated the expression of mRNA transcripts for the markers examined.
Cultures of GB tissues yielded tumour-spheres which expressed TRA 1-60, OCT4, SSEA-1 and SOX2. These tumour-spheres also
expressed mRNA transcripts for the CSC and RAS markers, CathB and CathD demonstrated by IHC staining on GB tissues.

Conclusion: The finding of this study confirms the putative presence of 2 CSCs within GB. The ability for primary cells derived
from GB to form tumour-spheres in vitro, that express CSCs markers underscores the critical role of CSCs in the biology of GB. The
expression of the components of the RAS, CathB and CathD, but not CathG by CSCs in GB and the GB-derived tumour-spheres,
suggests CSCs as a novel therapeutic target by modulation of the RAS using existing medications.
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