
1"
"

This" document" is" the" Accepted" Manuscript" version" of" a" Published" Work" that" appeared" in" final" form" in"
Biochemical"Society"Transactions,"copyright"©"Portland"Press"after"peer"review"and"technical"editing"by"the"
publisher."
!
"
The!18'kDa!Mitochondrial!Translocator!Protein!in!Gliomas:!From!the!bench!to!bedside!
"
Karolina"Janczar1,"Zhangjie"Su2,"Isabella"Raccagni1,3,"Andrea"Anfosso1,"Charlotte"Kelly4,"Pascal"F"Durrenberger1,"
Alexander"Gerhard2"Federico"Roncaroli1!
!
!
Affiliations:!

1"Division"of"Brain"Science"and"4Department"of"Oncology,"Imperial"College"London,"UK"
2" Wolfson" Molecular" Imaging" Center," Institute" of" Brain," Behaviour" and" Mental" Health," University" of"
Manchester,"Manchester,"UK"
3"Department"of"Health"Sciences,"University"of"MilanVBicocca,"Milan,"Italy" "

!

!

Biochem!Soc!Trans!2015;43(4):579V585!
doi:"10.1042/BST20150064"
"
"
"
"
"
"
To"access"the"final"edited"and"published"work"see"
http://www.biochemsoctrans.org/content/43/4/579.long"
" "



2"
"

"
The 18-kDa Mitochondrial Translocator Protein in Gliomas: From the bench to bedside 
 
Karolina Janczar1, Zhangjie Su2, Isabella Raccagni1,3, Andrea Anfosso1, Charlotte Kelly4, Pascal F 
Durrenberger1, Alexander Gerhard2 Federico Roncaroli1 
 
Affiliations: 

1Division of Brain Science and 4Department of Oncology, Imperial College London, UK 
2Wolfson Molecular Imaging Center, Institute of Brain, Behaviour and Mental Health, 
University of Manchester, Manchester, UK 
3 Department of Health Sciences, University of Milan-Bicocca, Milan, Italy  

 
Appropriate ethical approval for the study was obtained at the Riverside Research Ethics 
Committee, London, UK (n. 05/Q0401/3). 
 
 Abstract 
 
 The 18kDa mitochondrial Translocator Protein (TSPO) is known to be highly expressed in 
several types of cancer including gliomas while expression in normal brain is low. TSPO functions 
in glioma are still incompletely understood. The TSPO can be quantified pre-operatively with 
molecular imaging making it an ideal candidate for personalized treatment of patient with glioma. 
Studies have proposed to exploit the TSPO as a transporter of chemotherapics to selectively target 
tumour cells in the brain. Our studies proved that PET-imaging can contribute to predict 
progression of patients with glioma and that molecular imaging with TSPO-specific ligands is 
suitable to stratify patients in view of TSPO-targeted treatment. Finally, we proved that TSPO in 
gliomas is predominantly expressed by tumour cells.  
 
 Key words: Translocator protein, glioma, PET-imaging, pathology 
 
 Introduction 
 
 Astrocytomas and oligodendrogliomas are the most common primary brain tumours in adults 
[1]. They are graded according to the World Health Organization classification scheme in grade II 
(low grade), grade III (anaplastic) and for astrocytomas only, grade IV (glioblastoma). Glioblastoma 
(GBM) can occur de novo or result from the progression of a lower grade lesion. Low-grade 
astrocytomas (LGA) and oligodendrogliomas (LGO) almost invariably progress to ultimately fatal 
lesions but the timescale for transformation is highly unpredictable. Most patients die within 10 
years from presentation though oligodendrogliomas often show more indolent behaviour than 
astrocytomas and are more responsive to chemotherapy [2]. Neuroimaging follow-up of patients 
with low-grade glioma is largely based on post-contrast structural MRI. However, the presence of 
contrast enhancement does not reliably predict transformation [3]. More sophisticated 
methodologies such as relative cerebral blood volume (rCBV) from perfusion MRI have higher 
sensitivity but they are not free of limitations, particularly in oligodendrogliomas [4]. The 
identification of biomarkers of transformation is therefore relevant to early treatment intervention. 
Gliomas are genetically, molecularly and metabolically heterogenous [5]. For this reason a 
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personalized approach is needed to more effectively target neoplastic cells but such an approach 
requires adequate stratification of patients and in-depth knowledge of the function and distribution 
of target molecules [6].  
 
 The Translocator Protein (TSPO) is a potential candidate for individualised approach to gliomas 
as its expression is enhanced in astrocytomas but it is low in the normal brain. Experimental studies 
proposed the TSPO as a direct target of anticancer drug or as a transporter for selective delivery into 
brain cancer cells [7]. Finally the TSPO can be visualized and quantified with PET-imaging allowing 
for pre-operative stratification of patients [8]. 
 
 TSPO in gliomas 
 
 Over two decades ago, PET-imaging studies first documented high density of TSPO ligand 
binding sites in glioma patients and binding sites were shown to correspond to histologically 
determined areas of the tumour, to be higher than normal brain with no binding in the necrotic 
regions [8, 9]. 
 Several studies also examined TSPO expression in glioma cell line models [reviewed in 11] but 
considerably less has been done in human glioma tissue. Using immunohistochemistry and in situ 
hybridization, Miettinen et al. [12] investigated 86 human astrocytomas of different grade and 
documented increase in TSPO mRNA and protein levels in higher grades but also an overlap 
between WHO grade II and III lesions. Similar results were obtained by Vlodavsky et al. by looking 
at 130 gliomas [13]. Both authors suggested a correlation between TSPO expression and outcome. 
More recently, Takaya et al [14] combined PET-imaging and neuropathology and observed low 
TSPO expression in two cases of anaplastic astrocytoma (AA) but also downregulation in glioma 
associated microglia/macrophages (GAMs). Notably, none of previous studies investigated 
oligodendroglial tumours.  
 The evidence of high TSPO in GBM led to propose the TSPO as a target molecule for treatment 
of this lethal tumour. The use of anticancer drug conjugated to TSPO ligands for selective brain 
delivery was first suggested by Guo et al. [15] using a PK11195-gemcitabine conjugate in a 
preclinical glioma model. Other studies followed to evaluate the efficacy of new TSPO 
ligand-anticancer drug conjugates [16,17]. Musacchio et al [18] proposed the use of PEG-PE micelles 
loaded with paclitaxel and surface-modified by the TSPO ligand CB86 and more recently Denora et 
al [19] assessed the toxicity of TSPO-ligand ARA-C compound. Finally, PK11195 coated dendrimers 
have more recently been proposed [20] as they offer the advantage to attach multiple copies of the 
targeting agent on a single particle, they are biocompatible and soluble, their cost of production is 
low. In the last decade, the use of nanocarrier such as polymer, emulsion, liposome, nano-crystals 
and micelles have boosted the progress in the field for drug targeting and imaging [21].  
 
 PET imaging of TSPO in gliomas and pathology correlates 
 
 PET-scan has increasingly been used as non-invasive quantitative imaging modality to assess 
the biodistribution and pharmacokinetics of drugs and to determine their efficacy and safety in the 
treatment of patients with cancer. Such a task can only be achieved by acquiring an in-depth 
knowledge of the extent of tissue expression and distribution of molecular targets. With this in 
mind, we designed the two studies to investigate the suitability of PET imaging to stratify gliomas 
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with low and high TSPO expression [22].  
Initially, we assessed the first generation TSPO probe [11C]-(R)PK11195 to study human gliomas 

and documented its suitability to investigate low and high-grade lesions [23]. PK11195 is a 
pharmacological antagonist of TSPO with no known effects in humans. Despite its limitations and 
difficulties in modelling, this compound is the best-characterised TSPO radioligand and the most 
commonly used probe in imaging CNS diseases [8]. Several of its properties make [11C]-(R)PK11195 
suitable for gliomas. It is lipophilic and therefore readily crosses the blood-brain barrier (BBB) that is 
usually intact in low grade lesions. It rapidly clears from the normal brain,  allows good 
discrimination between neoplastic and normal tissues, and its binding is not affected by the 
previously identified substitution Ala147Thr in the fifth transmembrane domain of TSPO [24].  

Secondly, we characterised gliomas of different grade using [11C]-(R)PK11195 PET-imaging,  
compared structural MRI and rCBV maps with PET imaging and validated findings with analysis of 
the tumour tissue [25]. Our results proved that [11C]-(R)PK11195 PET-imaging can be used to 
stratify patients for TSPO targeted treatment and that such treatment would predominantly 
challenge neoplastic cells. The partial overlap between regions of high rCBV and high 
[11C]-(R)PK11195 uptake suggests that [11C]-(R)PK11195 binding is not influenced by the disruption 
of the BBB, and by changes in blood volume or neoangiogensis.  

For the first time, we documented low [11C]-(R)PK11195 binding in LGO and considerably 
increased ligand uptake in anaplastic examples. Though limited to seven cases, this result may 
suggest that [11C]-(R)PK11195 PET can predict anaplastic transformation in oligodendroglial 
tumours. Pre-operative distinction between low grade and anaplastic lesions is challenging with 
structural and physiological imaging and correct grading can also be difficult at histology, 
particularly on small biopsies. A few PET imaging studies have investigated oligodendrogliomas. 
FDG or 11C-MET or both ligands in combination did not prove to be of any value to predict 
progression in oligodendrogliomas as tracer uptake was high irrespective of their WHO grade [26, 
27].(figure 1) 

As a validation cohort, we examined 50 supratentorial astrocytic and oligodendroglial tumours 
and observed similar features. In both series, we detected no staining in reactive astrocytes, 
oligodendrocytes, neurons and found low expression in GAMs. In low-grade lesions, endothelial 
cells demonstrated TSPO express similar to normal brain while TSPO appeared reduced in newly 
formed vessels seen in GBMs.  

The human TSPO is a 13-kbp gene mapped to chromosome 22q13.31 and consists of four exons. 
Exon 1 encodes a 5’ untranslated segment and is separated from exon 2 by an intron of 
approximately 6 kbp. The 100 bp upstream lack TATA or CAAT boxes but it is GC rich. The 
transcriptional start site 25 bp upstream from the first exon/ intron junction. In silico analysis of the 
cloned human TSPO promoter sequence revealed high GC content in the proximal region of the 
promoter and that the Tspo gene is located within a CpG island extending approximately 470 bp 
upstream and 615 bp downstream of the transcription initiation site [reviewed in 28].We therefore 
investigated possibility that TSPO gene expression in gliomas can be modulated by epigenetic 
silencing. Methylation Sensitive PCR analysis and pyrosequencing of TSPO promoter in 50 human 
glioma tissues and glioma cell lines (U-87MG, GaMG, DBTRG and 42MG-BA) demonstrated 
methylation in 21% of astrocytomas and over 72% of oligodendrogliomas while no methylation was 
observed in the four astrocytoma cell lines tested, this finding being consistent with their high 
protein expression. This result suggested a different regulation of TSPO in astrocytomas and 
oligodendrogliomas.  
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We finally ask the question if TSPO can be predictive of outcome as previously suggested 
[12,13]. We correlated proteins expression and methylation status to the overall survival in patients 
with astrocytoma but we did not observe any significant correlation (figure 2). Interestingly, we 
found a positive trend in the univariate analysis when survival was correlated with TSPO 
methylation. The relationship between TSPO methylation status and patient outcome could 
however be related the co-occurrence with other epigenetic events. A study on the predictive value 
of TSPO in oligodendroglioma is ongoing in our lab. 

 
 In vitro modeling of TSPO in gliomas 
 
 The TSPO has been studied in several in vitro cancer models including murine and human 
breast and colon carcinoma, melanoma and glioma suggesting a role in cell proliferation and 
survival, migration, apoptosis and cell response to stress. However, the literature on the function of 
TSPO in cancer cells is still conflicting. The majority of reports of the potential involvement of TSPO 
in apoptotic cell death are based on in vitro experiments utilising TSPO ligands and PK11195 in 
particular [reviewed in 11].  Recently Bode et al [11] examined the role of TSPO in brain tumour 
formation using the human U118MG glioma cell line in two different in-vivo models and observed 
an increase in angiogenesis, tumour formation with TSPO knockdown cells and reduction in 
adhesion in TSPO knockdown in U118MG glioma cells with an increase in migration. They also 
observed similar effect with PK 11195 at the concentration of 25 mmol/l but not at higher doses. 
 In our lab, we first analysed TSPO expression in a panel of human glioma cell lines (U-87MG, 
GaMG, DBTRG-05MG, 42-MG-BA and SNB-19) using Western blotting. Notably, all cell lines 
expressed monomeric TSPO and no obvious difference in TSPO protein level was found. All the 
subsequent experiments were conducted using U-87MG cells (purchased at the American Type 
Culture Collection, Washington DC, USA) as a well-established and widely used in vitro model of 
human glioma. We conducted knock-down experiments after silencing the TSPO gene with small 
interfering RNAs. The efficiency of transfections was assessed at 72 hours post transfection and was 
confirmed by Western blotting and by immunofluorescence analysis. Our experiments showed that 
TSPO gene silencing in U87MG did not affect cell growth, cell cycle, formation of clones or 
apoptosis and growth in low nutrient conditions (0.1% Fetal Bovine Serum), despite the level of 
knock-down surpassing that of published reports [29] 
 
 TSPO expression in glioma associated microglia and macrophages.  
 
 A full understanding of the pathology behind a disease is a prerequisite to the correct 
application of molecular imaging. This principle is particularly relevant to gliomas given their 
heterogenous microenvironment that consists of a mixed population of neoplastic and 
non-neoplastic cells (38), several of which can express TSPO. Our experiments demonstrated that 
GAMs contribute minimally to TSPO expression in gliomas [25]. TSPO down-regulation in GAMs is 
particularly interesting and seems unique to gliomas confirming the results published by Takaya et 
al [14]. GAMs are known to increase substantially with tumour grade in astrocytomas and their 
morphology to be consistent with an activate state but they switch to a M2 phenotype with 
impairment of their cytotoxicity, antigen presentation and phagocytosis. In contrast, GAMs promote 
tumour progression by producing a myriad of molecule favouring tumour cell migration, 
disruption of brain tissue and cell proliferation [31]. Whether down-regulation of TSPO is relevant 
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to phenotypic change of GAMs needs to be investigated.  
 
 Conclusion  
 
 Our studies confirmed that TSPO expression increases with tumour grade in astrocytomas but 
also that some overlap exists between LGA and AA lesions. For the first time, we investigated 
oligodendrogial tumours and showed increased in anaplastic examples. These results prove the 
principle that molecular imaging can be effective to stratify patients with glioma in view TSPO 
targeted treatment with little interference from non-neoplastic cells. The full spectrum of TSPO 
functions in gliomas remains however to be elucidated [32,33] suggesting a role of this molecule as 
transporter of drugs into the CNS rather than a direct target for treatment.   
 
 
 
 
 
 
References  
 
1 Dolecek TA, Propp JM, Stroup NE, Kruchko C. 2012 CBTRUS statistical report: primary brain and 
central nervous system tumors diagnosed in the United States in 2005-2009. Neuro Oncol. 14 (Suppl 
5) v1-49 Erratum in: Neuro Oncol. 2013 May;15(5):646-647. 
 
2 Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, Scheithauer BW, Kleihues 
P. 2007 The 2007 WHO classification of tumours of the central nervous system. Acta Neuropathol. 
114(2), 97-109 
 
3 Liu X, Tian W, Kolar B, Yeaney GA, Qiu X, Johnson MD, Ekholm S. 2011 MR diffusion tensor and 
perfusion-weighted imaging in preoperative grading of supratentorial nonenhancing gliomas. 
Neuro Oncol. 13(4), 447-455 
 
4 Waldman AD, Jackson A, Price SJ, Clark CA, Booth TC, Auer DP, Tofts PS, Collins DJ, Leach MO, 
Rees JH; National Cancer Research Institute Brain Tumour Imaging Subgroup. 2009 Quantitative 
imaging biomarkers in neuro-oncology. Nat Rev Clin Oncol. 6(8), 445-454 
 
5 Crockford A, Jamal-Hanjani M, Hicks J, Swanton C. 2014 Implications of intratumour 
heterogeneity for treatment stratification. J Pathol. 232(2), 264-73. 
 
6 Olar A, Aldape KD. 2014 Using the molecular classification of glioblastoma to inform personalized 
treatment. J Pathol. 232(2), 165-77 
 
7 Austin CJ, Kahlert J, Kassiou M, Rendina LM. 2013 The translocator protein (TSPO): a novel target 
for cancer chemotherapy. Int J Biochem Cell Biol. 45(7), 1212-1216 
 
8 Venneti S, Lopresti BJ, Wiley CA. 2013 Molecular imaging of microglia/macrophages 
in the brain. Glia. 61(1), 10-23 
 
9 Pappata S, Cornu P, Samson Y, Prenant C, Benavides J, Scatton B, Crouzel C, Hauw JJ, Syrota A. 
1991 PET study of carbon-11-PK 11195 binding to peripheral type benzodiazepine sites in 



7"
"

glioblastoma: a case report. J Nucl Med. 32(8), 1608-1610. 
 
10 Ferrarese C, Pierpaoli C, Linfante I, Bobo RH, Guthrie B, Kufta C, Duhaney MO, Melisi J, Fulham 
MJ. 1994 Peripheral benzodiazepine receptors and glucose metabolism in human gliomas. J 
Neurooncol. 22(1), 15-22. 
 
11 Bode J, Veenman L, Caballero B, Lakomek M, Kugler W, Gavish M. 2012 The 18 kDa translocator 
protein influences angiogenesis, as well as aggressiveness, adhesion, migration, and proliferation of 
glioblastoma cells. Pharmacogenet Genomics. 22(7), 538-550.  
 
12 Miettinen H, Kononen J, Haapasalo H, Helén P, Sallinen P, Harjuntausta T, Helin H, Alho H. 
1995 Expression of peripheral-type benzodiazepine receptor and diazepam binding inhibitor in 
human astrocytomas: relationship to cell proliferation. Cancer Res. 55(12), 2691-2695 
 
13 Vlodavsky E, Soustiel JF. 2007 Immunohistochemical expression of peripheral benzodiazepine 
receptors in human astrocytomas and its correlation with grade of malignancy, proliferation, 
apoptosis and survival. J Neurooncol. 81, 1-7. 
 
14 Takaya S, Hashikawa K, Turkheimer FE, Mottram N, Deprez M, Ishizu K, Kawashima H, 
Akiyama H, Fukuyama H, Banati RB, Roncaroli F. 2007 The lack of expression of the peripheral 
benzodiazepine receptor characterises microglial response in anaplastic astrocytomas. J Neurooncol. 
85(1), 95-103 
 
15 Guo P, Ma J, Li S, Guo Z, Adams AL, Gallo JM. 2001 Targeted delivery of a peripheral 
benzodiazepine receptor ligand-gemcitabine conjugate to brain tumors in a xenograft model. 
Cancer Chemother Pharmacol. 48(2), 169-176 
 
16 Reddy LH, Couvreur P. 2008 Novel approaches to deliver gemcitabine to cancers. Curr Pharm 
Des. 14(11), 1124-1137 
 
17 Trapani G, Laquintana V, Latrofa A, Ma J, Reed K, Serra M, Biggio G, Liso G, Gallo JM. 2003 
Peripheral benzodiazepine receptor ligand-melphalan conjugates for potential selective drug 
delivery to brain tumors. Bioconjug Chem. 14(4), 830-9 
 
18 Musacchio T, Laquintana V, Latrofa A, Trapani G, Torchilin VP. 2009 PEG-PE micelles loaded 
with paclitaxel and surface-modified by a PBR-ligand: synergisticanticancer effect. Mol Pharm. 6(2), 
468-79 
 
19 Denora N, Laquintana V, Trapani A, Lopedota A, Latrofa A, Gallo JM, Trapani G. 2010 
Translocator protein (TSPO) ligand-Ara-C (cytarabine) conjugates as a strategy to deliver 
antineoplastic drugs and to enhance drug clinical potential. Mol Pharm. 6;7(6), 2255-69 
 
20 Samuelson LE, Dukes MJ, Hunt CR, Casey JD, Bornhop DJ. 2009 TSPO targeted dendrimer 
imaging agent: synthesis, characterization, and cellular internalization. Bioconjug Chem. 20(11), 
2082-2089 
 
21 Terreno E, Uggeri F, Aime S. (2012) Image guided therapy: the advent of theranostic agents. J 
Control Release. 161(2), 328-337 
 
22 Ding H, Wu F. 2012 Image guided biodistribution and pharmacokinetic studies of theranostics. 
Theranostics. 2(11), 1040-1053 
 



8"
"

23 Su Z, Herholz K, Gerhard A, Roncaroli F, Du Plessis D, Jackson A, Turkheimer F, Hinz R. 2013 
[11C]-(R)PK11195 tracer kinetics in the brain of glioma patients and a comparison of two referencing 
approaches Eur J Nucl Med Mol Imaging 40(9), 1406-1419 
 
24 Owen DR, Yeo AJ, Gunn RN, Song K, Wadsworth G, Lewis A, Rhodes C, Pulford DJ, Bennacef I, 
Parker CA, St Jean PL, Cardon LR, Mooser VE, Matthews PM, Rabiner EA, Rubio JP. 2012 An 
18-kDa translocator protein (TSPO) polymorphism explains differences in binding affinity of the 
PET radioligand PBR28. J Cereb Blood Flow Metab. 32(1), 1-5 
 
25 Su Z, Roncaroli F, Durrenberger PF, Coope DJ, Karabatsou K, Hinz R, Thompson G, Turkheimer 
FE, Janczar K, Du Plessis D, Brodbelt A, Jackson A, Gerhard A, Herholz K. 2015 The 18-kDa 
Mitochondrial Translocator Protein in Human Gliomas: A 11C-(R)PK11195 PET Imaging and 
Neuropathology Study. J Nucl Med. Ahead of print 
 
26 Yamaguchi S, Kobayashi H, Hirata K, Shiga T, Tanaka S, Murata J, Terasaka S. 2011 Detection of 
histological anaplasia in gliomas with oligodendroglial components using positron emission 
tomography with (18)F-FDG and (11)C-methionine: report of two cases. J Neurooncol. 101(2), 
335-341. 
 
27 Shinozaki N, Uchino Y, Yoshikawa K, Matsutani T, Hasegawa A, Saeki N, Iwadate Y. 2011 
Discrimination between low-grade oligodendrogliomas and diffuse astrocytoma with the aid of 
11C-methionine positron emission tomography. J Neurosurg. 114(6), 1640-1647 
 
28 Batarseh A, Papadopoulos V. 2010 Regulation of translocator protein 18 kDa (TSPO) expression 
in health and disease states. Mol Cell Endocrinol. 327(1-2), 1-12 
 
29 Chelli B, Salvetti A, Da Pozzo E, Rechichi M, Spinetti F, Rossi L, Costa B, Lena A, Rainaldi G, 
Scatena F, Vanacore R, Gremigni V, Martini C. 2008 PK 11195 differentially affects cell survival in 
human wild-type and 18 kDa translocator protein-silenced ADF astrocytoma cells. J Cell Biochem. 
15;105, 712-723. 
 
30 Charles NA, Holland EC, Gilbertson R, Glass R, Kettenmann H. The brain tumor microenvironment. 
Glia. 2012 Mar;60(3):502-14 
 
31 Wei J, Gabrusiewicz K, Heimberger A. The controversial role of microglia in malignant gliomas. Clin 
Dev Immunol. 2013 ahead of print 
 
32 Gatliff J, Campanella M. 2012 The 18 kDa translocator protein (TSPO): a new perspective in 
mitochondrial biology. Curr Mol Med. 12(4), 356-368. 
 
33 Liu GJ, Middleton RJ, Hatty CR, Kam WW, Chan R, Pham T, Harrison-Brown M, Dodson E, 
Veale K, Banati RB. 2014 The 18 kDa translocator protein, microglia and neuroinflammation. Brain 
Pathol. 24(6), 631-53 
 
 
Legends 
 
Figure 1 
 
A – Post-contrast T1-weigthed sequences of a case of glioblastoma; B shows co-registered and fused 
post-contrast T1-weighted MRI (grey scale) and parametric BPND images (spectrum colour scale) of the 
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same case; high BPND areas are indicated wth the white arrow. The colour bar indicates BPND values. C: 
Co-registered post-contrast T1-weighted MRI (grey scale) and rCBV images (spectrum colour scale) 
show different spatial distribution of high BPND and rCBV foci within the tumour. The white arrow 
points to an area of high BPND but low rCBV 
 
D – box plot shows the box-plot of maximal [11C]-(R)PK11195 BPND in the different grades and types 
of glioma. The boxes represent interquartile ranges and the whiskers indicate the lowest and highest 
values that are not outliers. Significant differences were found between LGAs, LGOs, and HGGs. 
LGA = low-grade astrocytoma; LGO = low-grade oligodendroglioma; AA = anaplastic astrocytoma; 
LGOA = low-grade oligo-astrocytoma; GBM = glioblastoma multiforme; HGG = high-grade 
glioma. 
 
E: TSPO tissue expression in two cases of glioblastoma; TSPO is detected with the mouse anti-TSPO 
antibody (8D7) and goat anti-mouse Alexa Fluor 488 (green)-conjugated antibody. Glioma cells 
rabbit are identified with an anti-GFAP antibody and goat anti-rabbit Alexa Fluor 555 (red)–
conjugated antibody. DAPI (blue) was used to counterstain total cell nuclei.  
 
F: case of low grade astrocytoma that show colocalisation of TSPO and the mutant protein IDH1 in 
neoplastic cells (IDH1 green; TSPO red; nuclei are counterstained with DAPI)  
 
Figure 2  
 
A: TSPO expression in 30 cases of astrocytoma of different WHO grade is correlated with patient 
survival; Kaplan-Meier estimates of overall survival; median TSPO expression (percentage of TSPO 
positive cells) was used to dichotomise the samples into low and high- expression groups. P values 
in the log rank test. B - patient survival is correlated with TSPO gene methylation status. 
Kaplan-Meier estimates of overall survival; P values in the log rank test. 
 
Figure 3 

A - Mitochondrial localization of TSPO in U-87MG human glioma cells is shown with 
immunofluorescence using MitoTracker (Molecular Probes, Invitrogen Ltd.) (red) and anti-TSPO 
(monoclonal 8D7, gift from Dr Casellas, Sanofi Montpeller, France) identified with the mouse 
anti-TSPO antibody Alexa Fluor 488 (green)–conjugated secondary antibody. Cell nuclei were 
visualised using DAPI (blue). (Bar: 30 µm). 
 
B - Western blot shows TSPO expression in the human glioma cell lines U-87MG, GaMG, 
DBTRG-05MG, 42-MG-BA and SNB19, proteins were extracted 48 hours after seeding at about 80% 
confluence. Only the monomeric form of TSPO is identified in these cell lines (B).  
 
C - The efficiency of siRNA-mediated TSPO knock-down in the U-87MG glioma cell line is shown 
with Western blotting at 72 hours post transfection. Western blotting is performed with mouse 
anti-TSPO antibody (8D7). Rabbit anti-HSP60 antibody is used as protein loading control. Results of 
three independent experiments are presented. 
 
D-E - TSPO knock-down does not alter U-87MG cell growth of U-87MG cells in normal (10% FBS) 
(D) low (0.1% FBS) serum conditions (E). Experiments represent three replicates. At each of the 
time-points cells were fixed using 10% TCA and quantitated by SRB assay 
 
F – Silencing of TSPO gene does not affect the formation of clones of U-87MG cells. Columns 
represent the percentage of surviving clones. Experiments were performed in triplicate.  
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G - TSPO knock-down does not impact on the U-87MG cell cycle progression assessed using 
propidium iodide staining and flow cytometry analysis.. The experiment was conducted three times 
  
Abbreviation: MOCK, mock transfected cells; NT, non-targeting siRNA transfected cells; siTSPO, 
TSPO Smart Pool siRNA transfected cells 
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