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Supplementary experimental procedure 

 

5-ALA administration and GB sample collection  

Patients were administered with 5-ALA (Medac UK) 5 hours before surgery as an oral dose of 20 

mg/kg as described previously(1, 2). The fluorescence microscope used in the surgical theatre was a 

Zeiss Pentero Microscope (Zeiss UK). PpIX was excited with blue-violet light (wavelength 375-400 

nm) and fluorescence emission was read at 600-700 nm (1). In 42 out of 65 patients we collected T 

and SEZ tissues. T was collected using fluorescence-guided resection as previously described (2). 

When fluorescence was detected in the SEZ, we collected this tissue based on anatomical location 

and confirmed the presence of the ependymal layer staining for S100β (Abgent) 1:100 (3).  

After GB surgical resection, detection of sample fluorescence was confirmed after arrival at the 

laboratory. Briefly, a small part of each sample was put on a glass slide and each slide was mounted 

with a few drops of Vectashield (Vectorlabs) and analyzed at the confocal fluorescence microscope 

(Leica). PpIX was excited under the same conditions used in the surgical theatre.  Of the 42 patients 

from whom we collected SEZ samples, 39 had contrast enhancing disease  extending to the 

ventricle and visible fluorescent disease extending to the SEZ at surgery. The remaining 3 patients 

had contrast enhancing disease not extending to the ventricle but fluorescence in the SEZ. 

Tissue was collected using separate rongeurs to avoid sample contamination. Haematoxylin and 

Eosin staining and immunohistochemistry were performed on 4μm thick sections of T and SEZ and 

processed as previously described (4). 

The extent of necrosis was scored based upon review of Haematoxylin and Eosin sections by a 

neuropathologist as 0 = no necrosis and 1 = focal necrosis involving <20% of the tissue area. The 

presence of tumor cells in each samples was scored as 0 = cellular tumor and 1 = highly cellular 

tumor involving ≥70% of the tissue. Tumor cells were identified based upon morphologic features, 

including cytologic atypia, enlarged nuclear to cytoplasmic and volume ratio.  

Cell lines propagation, immunofluorescence and in vivo tumorigenicity 
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Immunofluorescence was performed on cells derived from 11 patients. The following antibodies 

have been used: Gfap (DAKO) 1:400, O4 (gift from Dr. Chandran) 1:5, Tuj1 (Covance) 1:400, 

Nestin (Millipore) 1:200, Cd133 (Abcam) 1:100, Cd15 (BD Biosciences) 1:50, A2B5 (Millipore) 

1:100, VEGFR2 (Cell Signaling) 1:100. To avoid the possibility that cells from the SEZ originated 

from non-neoplastic tissues, we collected two non-fluorescent SEZ (from samples sp2 and sp19) 

and we evaluated their proliferative ability in vitro. In contrast to the 42 fluorescent SEZ samples, 

these two samples did not give rise to long-term expanding cell cultures, further emphasizing that 

presence of tumor cells in the SEZ is necessary to derive TICs from this sample (Supplementary 

Fig. S19).  

 

To derive TICs, primary cells were plated in 25 cm2 tissue culture flasks plated at clonal density 

(2500–5000 cells/cm2) in Neurobasal medium with B27 and N2 Supplement (GIBCO) containing 

20 ng/mL of both epidermal growth factor (EGF) and fibroblast growth factor-2 (FGF-2). To assess 

multipotency, cells were plated at a density of 2.5 × 104 cells/cm2 onto Matrigel-coated glass 

coverslips (12 mm diameter) in the presence of leukemia inhibitory factor (R&D Systems) (10 

ng/mL) for 10 days. Limiting dilution assays were performed as described by (5). Spheres were 

dissociated into single cells and plated in 96-well plates in 0.2 ml of medium. Cultures were left 

undisturbed for approximately 10 days after which time the percentage of wells not containing 

spheres for each cell plating density was calculated and plotted against the number of cells plated 

per well. Linear regression lines were plotted, and the number of cells required to generate at least  

one sphere in every well was determined. The experiment was repeated three times. 

Intracerebral transplantation in 60 animals with 3x105 cells from T or SEZ of 10 GBs into the right 

striatum of Nod/Scid mice (Charles River) was performed as previously described (4, 6). Primary 

cells or briefly cultured cells were used for injections. 30 animals were injected with T cells and 

another 30 with SEZ cells. Mice were sacrificed when symptomatic according to the Home Office 

guidelines.  
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Copy number and gene expression analysis 

To identify copy number aberrations in the samples Affymetrix SNP6 arrays were used. The raw 

data were processed with CRMAv2 (7) within the AROMA framework. Parent-specific circular 

binary segmentation (PSCBS) (8) was used to identify regions with aberrant DNA copy number. 

The copy number data for each patient were normalized to their respective germline status (blood 

DNA). Defining  to be the standard deviation of the central 50% of probes in the array (sorted by 

intensity), amplifications were called when the log ratio (LRR) was >6, gains when 

6>LRR>1.7, losses for -1.7>LRR>-7 and homozygous deletions for LRR<-7, adapted from 

(9).  

 

Illumina HT12v4 arrays were used to obtain gene expression data, which were analyzed using R 

and the beadarray package (10). All samples were labeled together and hybridized simultaneously 

onto expression arrays to avoid batch effects. When multiple high-quality probes were available per 

gene, we selected one at random. Median normalization was applied to the dataset. To classify our 

samples we mean-centered the dataset (11) and used the ClaNC package (12) to predict the sample 

subtype according to the Verhaak classifier using 836 genes with high quality probes out of the 841 

total proposed by Verhaak and co-authors (13). Hierarchical clustering was performed with R using 

an average linkage method and an Euclidean distance. To assess whether SEZ and T were 

differentially expressed, we performed an analysis of variance (ANOVA)-type hypothesis testing 

based on matrix-variate distributions.  As a negative control we used a list of genes validated by 

qRT-PCR that yielded no significant difference between SEZ and T (p-value=0.804). The R 

package HDTD was used to identify GO terms bearing at least one gene which is differentially 

expressed between SEZ and T. 

Fluorescence in situ hybridization 

Fluorescence in situ hybridization (FISH) was performed on SEZ- and T-derived cells from one  
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patient (sp14) as well as on 4 µm sections from four paraffin-embedded tissue specimens (sp49T, 

sp49SEZ, sp58T and sp58SEZ). Two control tissues (A1219, A887) and one normal 

lymphoblastoid cell line were included in the panel. Three commercial DNA probes (EGFR (7p11), 

MET (7q31) and PTEN (10q23), Kreatech Diagnostics) and DNA isolated from two BAC clones 

(RP11-339F13 (EGFR) and RP11-380G5 (PTEN)) were checked by hybridization to normal 

metaphase chromosomes. Metaphase chromosome preparation and hybridizations were performed 

as previously described (14, 15) and the SmartCapture software (Digital Scientific, Cambridge, UK) 

was used for image analysis. 

Molecular clock analysis  

We obtained between 4 and 6 multiple samples (T1-T6), spatially separated by approximately 

10mm, from different areas of each tumor mass and we have presented the results of this analysis in 

a previous report (16). Due to the small size of the SEZ it was impossible to obtain several 

subsamples from this area. We have previously demonstrated the utility of molecular clock analysis 

based on the patterns of neutral methylation tags to reconstruct the phylogenies of cell populations. 

Neutral methylation tags report on the number of cell divisions as a result of the accumulation of 

random methylation errors. Related cell populations will have similar methylation errors, allowing 

for the reconstruction of the phylogeny based on the mitotic distance of samples (17, 18). The 

normal brain tissue can be filtered out from the molecular clock profile as having virtually no 

methylated CpGs. Tumor cells instead have undergone a large number of divisions and therefore 

show higher methylation. This can be used to calculate the normal contamination of samples. 

DNA was extracted from tissue samples, as described above and was bisulfite converted using the 

EZ DNA Methylation Direct kit (Zymo). The IRX2 (chr5) molecular clock locus was PCR 

amplified as we previously described (18), using custom bisulfite-specific primers (5' 

GTATATTTTGTTAGGATTGGAGTTG 3' and 5' CATAAAACCCACATCTCTTTCAAAC 3' as 

forward and reverse primers respectively) bearing LibA 454 adapters and specific barcodes for each 

sample on their 5' end.  Successfully amplified loci from each sample were pooled in an equimolar 
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ratio, and sequenced using a Roche 454 GS Junior system to >400X average coverage per sample. 

The same procedure has been performed using a distinct molecular clock locus, NETO1 (chr18, 5’ 

GTTTTTGTAGGAGTAATTTGGTGG 3’ and 5’ CTCTCCCTCCCTCCCTAAAAC 3’). Both 

have been validated by showing that they report low methylation in non-dividing tissues (i.e. brain 

and heart), but age-related methylation due to cell divisions in mitotic tissues (i.e. colon) from 

autopsy samples of different patient ages (Fig. 5, B and C). The resulting single-molecule data were 

processed and analyzed as previously reported (18). A neighbor joining algorithm was used to 

reconstruct the phylogeny of the molecular clock patterns for each patient. We did not find samples 

displaying concerted hypo- or hyper-methylation at the analyzed loci. At the same time, tumor 

phylogenies were also inferred based on the underlying copy number profiles using the Tumult 

algorithm (19) and we note that these orthogonal methods yield highly similar results. 

Drug concentration in the BrdU cell proliferation assay 

Concentration for Cisplatin was 5 μg/ml and for Cediranib 5 μM. This concentration of Cisplatin is 

pharmacologically relevant since the peak serum level of the drug is about 5 μg/ml (20) and it has 

been used in vitro to test sensitivity of glioma cells to Cisplatin (21). As in vitro data on Cediranib 

and glioma cell cultures are limited, concentration of Cediranib was determined by testing two TICs 

(sp15 and sp19) with 4 nM to 80 μM as in a previous report on human gastric cancer cell lines (22). 

We found that Cediranib directly inhibited the growth of the two TICs with an IC50 of 5 μM.  

MGMT promoter methylation 

Analysis of MGMT promoter methylation was performed as previously described (23).  

The methylation status of the MGMT promoter was also assessed by pyrosequencing as previously 

described (24). Templates for pyrosequencing were prepared using bisulfite converted DNA 

samples and run on the PyroMark ID pyrosequencer (Qiagen). The results are based on the average 

% methylation of the first 5 CpGs in accordance with the paper published by Quillien and 

colleagues (25). 

 



6 
 

References 

1. Stummer W, Pichlmeier U, Meinel T, Wiestler OD, Zanella F, Reulen HJ. Fluorescence-

guided surgery with 5-aminolevulinic acid for resection of malignant glioma: a randomised 

controlled multicentre phase III trial. The lancet oncology. 2006;7:392-401. 

2. Piccirillo SG, Dietz S, Madhu B, Griffiths J, Price SJ, Collins VP, et al. Fluorescence-guided 

surgical sampling of glioblastoma identifies phenotypically distinct tumour-initiating cell 

populations in the tumour mass and margin. Br J Cancer. 2012;107:462-8. 

3. Steiner J, Bernstein HG, Bielau H, Berndt A, Brisch R, Mawrin C, et al. Evidence for a wide 

extra-astrocytic distribution of S100B in human brain. BMC Neurosci. 2007;8:2. 

4. Piccirillo SG, Combi R, Cajola L, Patrizi A, Redaelli S, Bentivegna A, et al. Distinct pools 

of cancer stem-like cells coexist within human glioblastomas and display different tumorigenicity 

and independent genomic evolution. Oncogene. 2009;28:1807-11. 

5. Tropepe V, Sibilia M, Ciruna BG, Rossant J, Wagner EF, van der Kooy D. Distinct neural 

stem cells proliferate in response to EGF and FGF in the developing mouse telencephalon. Dev 

Biol. 1999;208:166-88. 

6. Piccirillo SG, Reynolds BA, Zanetti N, Lamorte G, Binda E, Broggi G, et al. Bone 

morphogenetic proteins inhibit the tumorigenic potential of human brain tumour-initiating cells. 

Nature. 2006;444:761-5. 

7. Bengtsson H, Wirapati P, Speed TP. A single-array preprocessing method for estimating 

full-resolution raw copy numbers from all Affymetrix genotyping arrays including 

GenomeWideSNP 5 & 6. Bioinformatics. 2009;25:2149-56. 

8. Olshen AB, Bengtsson H, Neuvial P, Spellman PT, Olshen RA, Seshan VE. Parent-specific 

copy number in paired tumor-normal studies using circular binary segmentation. Bioinformatics. 

2011;27:2038-46. 



7 
 

9. Curtis C, Shah SP, Chin SF, Turashvili G, Rueda OM, Dunning MJ, et al. The genomic and 

transcriptomic architecture of 2,000 breast tumours reveals novel subgroups. Nature. 2012;486:346-

52. 

10. Dunning MJ, Smith ML, Ritchie ME, Tavaré S. beadarray: R classes and methods for 

Illumina bead-based data. Bioinformatics. 2007;23:2183-4. 

11. Sorlie T, Borgan E, Myhre S, Vollan HK, Russnes H, Zhao X, et al. The importance of 

gene-centring microarray data. Lancet Oncol. 2010;11:719-20; author reply 20-1. 

12. Smih F, Desmoulin F, Berry M, Turkieh A, Harmancey R, Iacovoni J, et al. Blood signature 

of pre-heart failure: a microarrays study. PLoS One. 2011;6:e20414. 

13. Verhaak RG, Hoadley KA, Purdom E, Wang V, Qi Y, Wilkerson MD, et al. Integrated 

genomic analysis identifies clinically relevant subtypes of glioblastoma characterized by 

abnormalities in PDGFRA, IDH1, EGFR, and NF1. Cancer Cell. 2010;17:98-110. 

14. Chin SF, Daigo Y, Huang HE, Iyer NG, Callagy G, Kranjac T, et al. A simple and reliable 

pretreatment protocol facilitates fluorescent in situ hybridisation on tissue microarrays of paraffin  

wax embedded tumour samples. Mol Pathol. 2003;56:275-9. 

15. Pole JC, Courtay-Cahen C, Garcia MJ, Blood KA, Cooke SL, Alsop AE, et al. High-

resolution analysis of chromosome rearrangements on 8p in breast, colon and pancreatic cancer 

reveals a complex pattern of loss, gain and translocation. Oncogene. 2006;25:5693-706. 

16. Sottoriva A, Spiteri I, Piccirillo SG, Touloumis A, Collins VP, Marioni JC, et al. Intratumor 

heterogeneity in human glioblastoma reflects cancer evolutionary dynamics. Proc Natl Acad Sci U 

S A. 2013;110:4009-14. 

17. Yatabe Y, Tavaré S, Shibata D. Investigating stem cells in human colon by using 

methylation patterns. Proc Natl Acad Sci U S A. 2001;98:10839-44. 

18. Sottoriva A, Spiteri I, Shibata D, Curtis C, Tavaré S. Single-molecule genomic data 

delineate patient-specific tumor profiles and cancer stem cell organization. Cancer Res. 2013;73:41-

9. 



8 
 

19. Letouze E, Allory Y, Bollet MA, Radvanyi F, Guyon F. Analysis of the copy number 

profiles of several tumor samples from the same patient reveals the successive steps in 

tumorigenesis. Genome Biol. 2010;11:R76. 

20. Iwadate Y, Tagawa M, Fujimoto S, Hirose M, Namba H, Sueyoshi K, et al. Mutation of the 

p53 gene in human astrocytic tumours correlates with increased resistance to DNA-damaging 

agents but not to anti-microtubule anti-cancer agents. Br J Cancer. 1998;77:547-51. 

21. Datta K, Shah P, Srivastava T, Mathur SG, Chattopadhyay P, Sinha S. Sensitizing glioma 

cells to cisplatin by abrogating the p53 response with antisense oligonucleotides. Cancer Gene Ther. 

2004;11:525-31. 

22. Takeda M, Arao T, Yokote H, Komatsu T, Yanagihara K, Sasaki H, et al. AZD2171 shows 

potent antitumor activity against gastric cancer over-expressing fibroblast growth factor receptor 

2/keratinocyte growth factor receptor. Clin Cancer Res. 2007;13:3051-7. 

23. Esteller M, Hamilton SR, Burger PC, Baylin SB, Herman JG. Inactivation of the DNA 

repair gene O6-methylguanine-DNA methyltransferase by promoter hypermethylation is a common  

event in primary human neoplasia. Cancer Res. 1999;59:793-7. 

24. Malley DS, Hamoudi RA, Kocialkowski S, Pearson DM, Collins VP, Ichimura K. A distinct 

region of the MGMT CpG island critical for transcriptional regulation is preferentially methylated 

in glioblastoma cells and xenografts. Acta Neuropathol. 2011;121:651-61. 

25. Quillien V, Lavenu A, Karayan-Tapon L, Carpentier C, Labussiere M, Lesimple T, et al. 

Comparative assessment of 5 methods (methylation-specific polymerase chain reaction, 

MethyLight, pyrosequencing, methylation-sensitive high-resolution melting, and 

immunohistochemistry) to analyze O6-methylguanine-DNA-methyltranferase in a series of 100 

glioblastoma patients. Cancer. 2012;118:4201-11. 

 
 
 
 
 



9 
 

Supplementary Figure Legends 

 

Supplementary Figure S1. Identification of the SEZ in human GB. (A, B) Top panel. 

Illustrative MRI scans of two additional GBs (coronal view in A and axial view in B). Samples 

were collected from the tumor mass (T) and the sub-ependymal zone (SEZ) (red dots indicate tissue 

sampling). Middle panel. Peri-operative images of visible fluorescence from T and SEZ indicating 

tumor tissue in these areas. Bottom panel. Haematoxylin and Eosin staining of T and SEZ. 

Cardinal GB features (high mitotic index, nuclear atypia, mitosis and microvascular proliferation) 

are present in T (left) and SEZ (centre). Scale bar, 100 μm. (C) Top panel. Double-labelling with 

markers of glial and precursors cells (Gfap in green and Nestin in pink) confirms the results shown 

in Fig. 1. Bottom panel. Weak expression of the neuronal marker Tuj1 is observed in T and SEZ 

(in pink in a double staining with Gfap in green). Right. The MIB1 staining shows similar numbers 

of mitotic cells in T and SEZ (green). Tissues have been counterstained with DAPI (blue). Scale 

bar, 100 µm. The table shows a quantitative analysis of the % of +ve cells for Gfap, Nestin, Tuj1 

and the MIB1 index.  

 

Supplementary Figure S2. Sampling of the SEZ. Left. Haematoxylin and Eosin staining reveals 

the typical morphology of the SEZ. The dashed line indicates the ependymal layer. Right. Staining 

for the ependymal marker S100β confirms the presence of ependymal cells. Cells have been 

counterstained with DAPI (blue). The arrow indicates the ependymal layer. Scale bar, 50 μm. 

 

Supplementary Figure S3. Real-time analysis on tissues: markers of glial, precursor, stem 

cells and proliferation. Analysis of expression of a panel of markers for precursor and glial cells 

(Nestin and Gfap), stem cells (Sox2) and proliferation (MIB1) has been performed on T and SEZ 

tissues. This analysis shows increased expression of Gfap in SEZ in agreement with the data shown 

in Figure 1, B and C. Asterisks indicates statistical significance (p-value <0.05) in comparison to  
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the T of each patient. All error bars represent s.e.m. 

 

Supplementary Figure S4. Common CNA breakpoints between the SEZ and the 

corresponding tumor mass. For each patient we report an example of chromosome where it is 

evident that the SEZ and T samples from the same tumor share common breakpoints. This is 

evidence of a common origin of the two from the same patient.  

 

Supplementary Figure S5. FISH results for EGFR, MET and PTEN between T and SEZ in 3 

GBs. FISH confirms the copy number results for EGFR in patients sp49 (in A) and sp58 (in B) and 

the results for MET in sp49T and sp58 (in C). SNP plots show the status of EGFR and MET in each 

sample. The position of the gene is shown by a black box. Orange denotes EGFR or MET and green 

the centromeric probe of chromosome 7 (centr 7), magnification 63X. In A, normal tissue of sample 

sp49 has been used as internal control. This tissue shows 2 copies of EGFR and centr 7 as expected 

by normal cells. (D) A1219 and A887 have been used as controls. Both have trisomy of 

chromosome 7 (green) but only A1219 contains 68 copies of EGFR (orange), whereas A887 shows 

no amplification of the gene (magnification 63X). (E) Sp14SEZ cells and sp14T cells show gain of 

the region of chromosome 7 including EGFR and centr 7, in agreement with the copy number 

results. Sp14SEZ cells have generally 4 copies of EGFR (red) and centr 7 (green). (F) Both 

sp14SEZ and T cells have more than two copies of MET (red) and centr 7 (green). Generally, 

sp14SEZ cells have 4 copies of MET and centr 7 in agreement with the results shown in Fig. 2A. 

(G) A focal deletion of PTEN (orange) is found in sp14SEZ and T cells. The centromeric probe of 

chromosome 10 (centr 10) is shown in green. The normal control metaphases show 2 copies of 

chromosome 7 and EGFR, MET (in E and F) and 2 copies of chromosome 10 and PTEN (in G) 

(magnification 63X). (H) SNP plots of sp14 SEZ and T cells show the status of EGFR, MET and 

PTEN. The position of the gene is shown by a black box. 
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Supplementary Figure S6. CNA breakpoints between T and SEZ and the corresponding cells. 

The copy number profiles of T and SEZ in patient sp14 are highly similar, in particular they show 

common gains/amplifications in chromosomes 1, 7 (EGFR, CDK6, MET), 20 and 21, and a 

loss/deletion in chromosome 10 (PTEN). We found a largely overlapping profile between cells and 

tissues.  The  corresponding  cell  lines  share  all  these  aberrations  with  the  tissues,  but  both 

also display an evident loss of chromosome 13, suggesting an in vitro aberration that, due to its 

magnitude, may pose concerns in using cell lines as surrogate of the original tumor tissue. 

 

Supplementary Figure S7. Growth curve analysis of TICs from 5 additional GBs. Growth 

curve analysis reveals that  cells  derived  from  T  and  SEZ  are  capable of long-term  in vitro 

propagation. Sp14, 17, 20, 37 and 52 are five additional patients of the dataset. 

 

Supplementary Figure S8. Clonogenic index and multipotency of SEZ cells. Left. Clonogenic 

index of T and SEZ cells provides an estimation of the number of stem cells/precursors in the 

culture. Three paired T and SEZ cells are shown. Right. Immunofluorescence staining of SEZ cells: 

left, all the cells express the neural precursor marker Nestin (red); middle, Gfap (green) and Tuj1 

(red) are  used as  markers for  astroglial and  neuronal cells, upon  differentiation.  Note a double 

positive Gfap/Tuj1 cell (yellow); right, an SEZ cell expressing the oligodendroglial marker O4 

(red). Scale bars, 20 μm. 

 

Supplementary Figure S9. Immunofluorescence analysis for “stem cell markers” on T and 

SEZ cells. Immunofluorescence analysis for stem cell markers (Nestin, A2B5, CD133 and CD15) 

on T and SEZ cells isolated from sp17 (in A) and from sp20 (in B). Whereas Nestin is widely 

expressed in T and SEZ, A2B5-, CD133- and CD15-positive cells are rarely expressed with the 

exception of some CD15+ve cells found in T cells from the case shown in A. Cells have been 

counterstained with DAPI (blue). Scale bars, 50 μm. The table shows a quantitative analysis of the  
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expression of these markers for T and SEZ cells. 

 

Supplementary Figure S10. Survival analysis of 5 additional GBs. Cumulative Kaplan-Meier 

survival analysis from 5 additional GBs reveals that T and SEZ are tumorigenic. T cells are highly 

tumorigenic and there is a statistically significant difference (p-value <0.05) between the survival of 

animals injected with these cells versus those injected with SEZ cells. The table summarizes the 

number of tumors/injections and the type of cells used (primary cells or briefly cultured cells).  

 

Supplementary Figure S11. Analysis of in vivo properties of TICs from SEZ. (A) The table 

summarizes the data based on Haematoxylin and Eosin staining confirming absence of migration of 

SEZ cells towards the two neurogenic niches in the adult mouse brain, i.e. the SEZ and 

hippocampus. No migration towards anatomical regions such as olfactory bulbs and cerebellum was 

observed. In presence of a large tumor formation (derived from SEZ3) we found that the tumor cells 

infiltrate the SEZ and corpus callosum (CC). This behaviour mimics that of TICs isolated from T 

under the same experimental setting. (B) We present here a reconstruction for a tumor derived from 

SEZ1. The tumor develops from the injection site, the striatum (ST) and shows dorso-ventral and 

rostro-caudal extension. Using this approach, we show that there is no migration towards the 

ventricle (V), the cerebellum (C) and the olfactory bulbs (OB). This has been obtained using serial 

tissue sections stained for Haematoxylin and Eosin. Two representative sections are presented here. 

(C) On the left, Haematoxylin and Eosin staining of a brain injected with SEZ3 cells shows tumor 

cells in proximity of the lateral ventricle (V) and along the corpus callosum (CC) and SEZ. On the 

right, we show a statistically significant increase in numbers of cells in the SEZ and corpus 

callosum (CC) (p-value <0.05 for each of these regions in comparison to control brains). 

 

Supplementary Figure S12. BrdU cell proliferation assay of 7 paired TICs using 50μM TMZ. 

Cell proliferation assay was initially performed using the physiological TMZ concentration of 50 
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μM as reported in brain and plasma. Response to this concentration was very poor, with only sp12 

(T and SEZ) responding. Red indicates T compartment, blue SEZ. Asterisks indicate statistical 

significance. 

 

Supplementary Figure S13. BrdU cell proliferation assay of additional 20 TICs for dose 

escalation analysis with TMZ. (A) Four of the twenty samples are shown. These TICs are all 

derived from the T compartment. Sp15 and sp19 do not respond to TMZ. In contrast, sp21 and sp36 

respond to ≥ 500μM concentration. (B) Table summarizing the 20 TICs tested. Only 20% of them 

respond to ≥ 500μM concentration of TMZ (sp21, sp28, sp34, sp36, highlighted in green boxes). 

Asterisks indicate statistical significance. 

 

Supplementary Figure S14. BrdU cell proliferation assay of additional 4 paired TICs. The cell 

proliferation assay shown in Fig. 4 was performed on additional 4 patients. We tested response to 

TMZ (in A), Cisplatin and Cediranib (in B). Sp14 does not respond to TMZ in either the T or the 

SEZ, except at 2.5 mM TMZ for T; only sp14T shows a significant response to Cisplatin and 

Cediranib. Conversely, sp23 shows a similar response between T and SEZ with the latter 

responding slightly better to treatment with TMZ, Cisplatin and Cediranib. In sp37 the differential 

pattern of response is more pronounced with respect to TMZ, Cisplatin and Cediranib with T being 

more sensitive to these treatments in comparison to SEZ. Sp42T is resistant to TMZ and Cediranib 

but not to Cisplatin. In contrast, the SEZ does respond significantly to ≥ 100 μM concentration of 

TMZ and to Cisplatin and Cediranib. Asterisks indicate statistical significance. 

 

Supplementary Figure S15. MGMT promoter status for T and SEZ of the analyzed 7 paired 

TICs by PCR. 7 out of the 8 paired TICs used for the BrdU cell proliferation assay were analyzed 

for MGMT promoter methylation status by PCR using specific primer pairs for the methylated or 

the modified unmethylated DNA (13). A visible 81-bp PCR product in T and SEZ of sp17, 20 and 
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42 indicates the presence of methylation, whereas a 109-bp PCR product in T and SEZ of sp14, 23, 

37 and 52 indicates unmethylation. MSP=methylation-specific PCR, USP=unmethylation-specific 

PCR. 

 

Supplementary Figure S16. Immunofluorescence analysis for Vegfr2 on T and SEZ cells. Top. 

Immunofluorescence has been performed on T and SEZ cells isolated from three GBs (sp13, sp20 

and sp37). We could detect expression of Vegfr2 in all the cell populations. Bottom. A quantitative 

analysis of Vegfr2+ve cells suggests similar expression in T and SEZ cells from the same GB. Cells 

have been counterstained with DAPI (blue). Scale bars, 50 μm. 

 

Supplementary Figure S17. BrdU cell proliferation assay of control lines. Pattern of response to 

TMZ, Cisplatin and Cediranib of U87 and two different cell lines of human fetal neural stem cells 

(HFNSC and HFNSC1). U87, HFNSC and HFNSC1 have been subjected as controls to the same 

BrdU cell proliferation assays. As expected, U87 significantly respond to TMZ, Cediranib and 

Cisplatin. In contrast, HFNSC and HFNSC1 are resistant to all treatments. Asterisks indicate 

statistical significance. 

 

Supplementary Figure S18. A model of residual disease in human GB. (A) Residual disease in 

human GB can be found in the SEZ (blue cells), the tumor mass is indicated by red cells. 

Identification of residual disease in SEZ is based on visible fluorescence during surgery. SEZ and T 

cells are endowed with self-renewal ability and sphere-forming capacity in vitro. In vivo, all these 

cells generate tumors. When treated with drugs, SEZ and T cells from the same GB respond 

differently. (B) Table summarizing the major characteristics of T and SEZ. 

 

Supplementary Figure S19. Growth curve of cells from two SEZ in absence of fluorescence. 

Growth curve analysis of cells derived from non-fluorescent SEZ (sp2 and sp19) show that in 
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absence of fluorescence in the SEZ it is not possible to generate self-renewing, long-term expanding 

TICs. This material derives from two patients with no extension of fluorescence to the SEZ. 

 

Supplementary Table Legends 

 

Supplementary Table S1. Histological features of T and SEZ tissues. The table shows a 

summary of the histological values obtained from T and SEZ of the 14 patients included in this 

study. Necrosis: 0 = no necrosis and 1 = focal necrosis involving <20% of the tissue area. Tumor 

score: 0 = cellular tumor, and 1 = highly cellular tumor involving ≥70% of the tissue. 

 

Supplementary Table S2. Summary of the patients and samples used for the genomic analysis. 

(A) The table summarizes the samples collected for the genomic study and those available for gene 

expression and SNP array analysis. The “YES” and “NO” indicate samples with RNA/DNA 

available or unavailable (due to quality control failure) for the downstream genomic analysis. In 

total, we collected 14 patients out of the 42 and of these we included 9 patients for gene expression 

studies and 8 patients for copy number profiles (6 of whom were common to both analyses). (B) 

The clinical information of the 11 GB patients included in the genomic analysis are shown here. 

The corresponding samples have been used for genomic analysis and in vitro/in vivo assays. These 

patients were prospectively recruited through the neurosurgical research clinic. All patients had 

suspected high-grade glioma (HGG) on imaging review by a consultant neuroradiologist at the 

MDT. This study included 8 men and 3 women. Mean age was 63.8 years at diagnosis (range 55-

79). WHO performance status before surgery was 0-2. All the patients received 5-ALA 

preoperatively, three of them also received chemotherapy with Gliadel at the end of the surgery. 

Treatment post-surgery was chemo-and radio-therapy followed by chemotherapy (ChemoRT), 

whole brain radio-therapy (WBRT) or short course of radiotherapy (SCRT). Four patients did not  

receive any treatment. 
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Supplementary Table S3. Gene ontology terms bearing at least one differentially expressed 

gene between SEZ and T. Differentially expressed genes between SEZ and T were identified using 

the R package HDTD. The table shows gene ontology (GO) terms whose genes are differentially 

expressed. C= cellular component, F= molecular function, P= biological process. 

 

Supplementary Table S4. MGMT methylation level using pyrosequencing. A total of 16 

samples were subjected to pyrosequencing to assess the MGMT methylation status. The results 

shown in the table are based on the average % methylation of the first 5 CpGs sequenced. This is in 

accordance with the paper published by Quillien and colleagues ((25) of the Supplementary 

Experimental Procedure reference list). 

 

Supplementary Table S5. Summary of the survival of 8 GB patients and response to drugs by 

TICs from T and SEZ. The table summarizes the overall survival of the 8 patients whose TICs 

were used for the BrdU cell proliferation assay. The MGMT methylation status is taken from the 

pyrosequencing results. Of note, TICs from T of sp42 and sp52 were not sensitive to TMZ in vitro 

and in both cases survival was poor. M=methylated, u=unmethylated, y=yes, n=no, PE=pulmonary 

embolus, Rx=radiotherapy. 

 

Supplementary Table S6. Expression of PDGF and VEGF receptors in T and SEZ. There is no 

significant difference in  PDGFRA, PDGFRB and VEGFR2 expression in T compared to SEZ (our 

expression data lacks the information about VEGFR1 and VEGFR3). 
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