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Gliomas are among the deadliest cancers, with median survivals varying between 
months for the malignant grade IV glioblastoma (GBM), to decades for low-grade 
glioma (LGG). Gliomas progress by brain tissue invasion. The aim of our Labora-
tory is to understand mechanisms underlying glioma invasion. This involves the 
identification of biomarkers, genetic regulators, signaling networks and molecular 
effectors of invasion that can ultimately be targeted to control glioma progression.
Through an active exchange between clinics and our laboratory, we are collecting 
freshly resected glioma biopsies for genotyping and ex vivo cell culture. In parallel, 
we are entering personal, clinical, imaging, histopathological and molecular anno-
tations to construct a comprehensive glioma patient database. This information is 
useful for classifying gliomas into molecular subsets and allowing identification of 
biomarkers that may reveal novel glioma pathways.

IDH mutations in low-grade gliomas 
IDH neomorphic mutation (IDHmut), found in 80% LGG, catalyzes ketoglutarate 
conversion into 2-hydroxyglutarate, accumulation of which maintains CpG methyl-
ation. This results in MGMT epigenetic silencing and TP53 CpG-to-CpA mutation-
al transition. We stratified 210 LGG according to these molecular criteria in a ret-
rospective study. Although IDHmut status is associated with a lower risk of death 
(HRdeath=0.35, P=0.0023), IDHmut subsets consistently showed higher risks of 
malignant transformation (MT) than of death. This supports the finding that mo-
lecular events relevant to IDH mutation impacts early glioma development prior to 
MT (see Leu et al., 2016). 

The interplay of 3q26 clustered genes SOX2, PIK3CA, MFN1 and OPA1 in 
GBM cell invasion
Chromosome band 3q26, frequently altered in GBM, contains the genes for tran-
scription factor SOX2, growth factor/AKT signaling activator PIK3CA, and MFN1 
and OPA1, two effectors of mitochondria fusion, a process linked to inhibition of 
cell motility (Fig. 1A). We aimed at determining the roles of these four genes in GBM 
cell invasion. 
Compared to parental LN319 GBM cells, individual 3q26 gene knock-downs con-
sistently shortened mitochondria, and enhanced cell invasion (Fig. 1BC). These 
phenotype similarities suggested that these 3q26 genes act on a common invasion 
pathway. Pharmacological inactivation of AKT, downstream of PIK3CA, impairs 
SOX2 nuclear localization and aggravates SOX2 turnover (Fig. 2A). Chromatin im-
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Interdisciplinarity between neurosurgery  
and neuro-imaging
The collaboration between the Departments of 
Neurosurgery and Neuroradiology aims at study-
ing the impact of the volume of tumor components 
on the overall survival of glioblastoma patients.
This project consists of the retrospective neuro-im-
aging analysis of 64 glioblastoma patients operat-
ed in our department for which the following imag-
ing parameters are assessed:
(i) volumes of enhancing, non-enhancing, necro-
sis and edema domains from the pre-operative 
magnetic resonance images; (ii) preoperative Re-
sponse Assessment in Neuro-Oncology (RANO); 
and (iii) postoperative enhancing residual volume. 
Multivariable cox proportional hazard models will 
be used to associate the different tumor compo-
nents with overall survival adjusting for the poten-
tial confounders: age and postoperative enhancing 
residual tumor. Preliminary results suggest a sta-
tistically significant multiplicative effect of RANO 
on the hazard for death. 
As a clinical extension on our project on the 3q26 
gene cluster, we are also testing whether 3q26 ge-
netic alterations may correspond to specific tumor 
patterns such as the volume and the type of recur-
rence (local vs. distant), and the focality (unifocal 
vs. multifocal).

muno-precipitation and luciferase reporter gene assays show that SOX2 trans-ac-
tivates PIK3CA, MFN1 and OPA1 (Fig. 2BC). This indicates a positive regulation 
loop where AKT signaling activates SOX2 function, which in turn activates PIK3CA, 
MFN1 and OPA1 transcription. Copy number variations at 3q26 analyzed in 100 
glioma biopsies show frequent SOX2 gain (29%) and OPA1 loss (32%) (Fig. 3A). 
SOX2 amplification is consistent with enhanced transcriptional activation of on-
cogenic targets such as PIK3CA. In contrast, OPA1 needs to be lost to counter-
act the impact of SOX2 on mitochondria fusion and invasion suppression. Thus, 
among the genes trans-activated by SOX2, are oncogenic and tumor suppres-
sor genes. While the oncogenic ones (PIK3CA) are kept ‘on’, OPA1 may need to 
be turned ‘off’ by deletion. Thus, we provide evidence that a regional interplay be-
tween 3q26 genes promotes glioma invasion (Fig. 3B). Copy number variations of 
3q26 genes suggest optimization of these oncogenic activities and are current-
ly being tested for their impact on tumor invasion in glioma patients (see connec-
tion to clinical practice).

Combined expression of nestin and SPARC identifies isolated astrocytoma 
cells in brain tissue 
Identification of individual invasive glioma cells in brain tissue requires markers that 
specifically recognize tumor cells. We tested the presence of proteins involved in 
glioma development (proliferation, survival, invasion, differentiation, transcription 
and metabolism) on a tissue micro-array that contains brain sections at various 
distances from the tumor core and various glioma histology and grade. Glial pro-
genitor marker nestin together with secreted acidic and rich in cysteine (SPARC) 
represent a specific combination for recognizing glioma cells in a non-neoplastic 
environment (see Aljammal et al., 2015).
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