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Abstract

Despite multimodal treatment that includes surgery, radiation and chemotherapy, virtually all 

glioblastomas (GBM) recur, indicating that these interventions are insufficient to eradicate all 

malignant cells. To identify potential new therapeutic targets in GBMs, we examined the 

expression and function of proteins that are associated with therapy resistance and cancer cell 

survival. We measured the expression of eight such proteins in 50 GBM samples by 

immunohistochemistry and analyzed patient survival. We report that GBM patients with high 

expression of ABCG2 (also called BCRP) or XIAP at the protein level had worse survival than 

those with low expression. The adjusted hazard ratio for ABCG2 was 2.35 and for XIAP was 2.65. 

Since glioma stem cells (GSCs) have been shown to be more resistant than bulk tumor cells to 

anti-cancer therapies and to express high levels of these proteins, we also sought to determine if 

ABCG2 and XIAP have functional roles in GSCs. We used small molecule inhibitors to treat 

patient-derived GBM tumorspheres in vitro and observed that inhibitors of ABCG2, Ko143 and 

fumitremorgin, significantly reduced self-renewal. These results suggest that ABCG2 and XIAP 

proteins may be useful indicators of patient survival and that inhibition of ABCG2 may be a 

promising therapeutic target in GBMs.
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INTRODUCTION

A particularly difficult challenge in the treatment of glioblastoma multiforme (GBM), the 

most common and lethal primary brain malignancy in adults, is the inability to effectively 

target all tumor cells. As a result, these tumors invariably recur. Despite multimodal therapy 

with surgery, radiation and chemotherapy, the median survival has not surpassed 15 months 

[1]. Tumor cells deploy three general strategies to evade anti-cancer treatments: 1) 

prevention of cell damage by extrusion of cytotoxic agents via ABC transporters, 2) repair of 

DNA damage induced by chemotherapy and radiation treatments, and 3) up-regulation of 

anti-apoptotic signals to circumvent apoptosis. These characteristics may be found in the 

majority of tumor cells, but they may be more active in glioma stem cells (GSCs) that are 

thought to be largely responsible for tumor recurrence. Cancer stem cells are a small subset 

of stem-like cancer cells that are capable of self-renewal and initiate tumors upon 

transplantation [2]. Although there is no definitive marker for GSCs that identify these cells 

in all GBM patient tumors, early studies have reported that GSCs are enriched in 

CD133+ [3, 4]. GSCs have been shown to be more resistant to radiation and chemotherapy 

than matched non-stem glioma cells [4–6]. Moreover, studies using experimental models 

have shown that tumor recurrence is fueled by residual glioma cells with stem cell like 

properties [7]. Taken together, these results suggest that GSCs are responsible for GBM 

recurrence and that a significant improvement in GBM patient outcome will require 

strategies that target these therapy resistant cells.

ABCG2 (ATP-binding cassette sub-family G member 2, also known as BCRP (Breast 

Cancer Resistance Protein), and XIAP (X-linked inhibitor of apoptosis) are two proteins 

whose activities mediate therapy resistance and apoptosis resistance, respectively [8–10]. 

The mRNAs of these two genes have been shown to be expressed at higher levels in 

CD133+ GBM cells than in CD133- cells [4]. ABCG2 is a member of the ABC transporters 

that use ATP to efflux endogenous small molecules and exogenous cytotoxic drugs [10, 11]. 

As such, ABCG2 is highly expressed in the blood-brain-barrier (BBB) and blocks 

penetrance of many cytotoxic therapies to brain and brain tumors [12–14]. In addition, 

ABCG2 is the main stem cell-associated ABC transporter whose activity has been associated 

with the “side-population (SP)” phenotype. SP cells extrude a fluorescent dye, Hoechst 

33342, which enables the isolation and analysis of this stem-like cell population [15–17]. 

Moreover, we have shown that GSCs in a mouse model of malignant glioma is enriched in 

SP cells [18]. Consistently, SP cells have been shown to enrich for GSCs in human GBMs 

and other mouse models [19]. XIAP is a member of the family of inhibitors of apoptosis 

(IAPs) that mediate resistance to apoptosis, and has been recently pursued as a new 

therapeutic target in solid tumors [9, 20].

In this study, we report that protein levels of ABCG2 and XIAP are associated with poor 

survival among GBM patients. We also report that inhibition of ABCG2 with small 

molecule inhibitors result in reduced self-renewal of GBM tumorspheres, suggesting, that 

ABCG2 is not merely a marker of GSCs but also a promoter of GSC self-renewal.
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METHODS

Annotated biospecimens

We analyzed paraffin-embedded pre-treatment tumor samples were obtained from GBM 

patients (n=50) who went on to received radiation and temozolomide (49 of 50) as part of 

their disease management between 2002 and 2008 and for whom follow-up data were 

available. All patients had WHO Grade IV, GBM tumors. The population was 58% male and 

had a mean age of 64 (range: 29–82) (Online Resource 1). All samples had been fixed in 

10% buffered formalin. Clinical data included age, extent of resection and overall survival. 

This part of the study did not require informed consent and was approved by the Maine 

Medical Center Institutional Review Board (IRB#3202X). To isolate glioma tumorsphere 

lines, fresh tumor samples were obtained from patients who consented to tissue donation. 

This part of the study was also approved by the Maine Medical Center Institutional Review 

Board (IRB #3960).

Immunohistochemical analysis of patient samples

Formalin-fixed, paraffin-embedded tumor samples were cut in 4μm-thick sections. 

Consecutive sections were then treated with primary antibodies purchased from Abcam to 

detect ABCG2 (cat# ab3380), XIAP (cat# ab21278), MSH2 (cat# ab2353), and NESTIN 

(cat# ab5968), from Cell Signaling to detect phospho-AKT at Ser 473 (cat# 4060) and 

phospho-TP53 at Ser 33 (cat# 2526), from Chemicon (now EMD Millipore) to detect 

MGMT (Cat# Mab16200), and from Rockland Immunochemicals to detect phospho-ATM at 

Ser 1981 (cat# 200-301-500) according to the manufacturer’s instructions. Primary 

antibodies were used in the following dilutions: anti-ABCG2 at 1:100, anti-XIAP at 1:300, 

anti-MGMT at 1:400, anti-MSH2 at 1:50, anti-pATM at 1:75, anti-pTP53 at 1:500, anti-

pAKT at 1:50 and anti-Nestin at 1:500. All primary antibodies were visualized with 

biotinylated secondary antibodies, streptavidin/HRP enzyme complex and DAB chromogen. 

The slides were counterstained with hematoxylin. Sections were evaluated by the study 

pathologist using light microscopy and scored based on a semi-quantitative approach of 

percentage of positive tumor cells (0–100%), multiplied by staining intensity (1= weak, 

2=moderate, 3=strong). For tumors in which there was more than one block available for 

sectioning and staining (n=9), each section was stained and scored, and the final score for 

that tumor was the average between the scores in the set. In this manner, a total score range 

of 0–300 was generated for each marker for each tumor. Descriptive statistics, including 

median, range and box plots were conducted using the XLSTAT software package for 

EXCEL (Addinsoft). All raw and calculated scores are displayed in Supplementary Table 1. 

Clinical data were kept unavailable during the immunohistochemical analysis until all data 

were evaluated.

Survival analyses according to protein expression

Univariate analysis of survival according to protein expression was conducted using the 

Kaplan-Meier method. Patients were stratified into low-expression (samples scoring 50 or 

less) and high-expression (samples scoring above 50) for each of the markers analyzed. The 

expression categories were defined prior to analyses in order to reduce the probability of 

making a type I error, using the study pathologist’s experience with immunohistochemical 
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analyses and what would be considered positive versus negative signals in a clinical 

pathology setting. Expression levels of all 8 proteins were categorized in the same manner. 

Overall survival was measured in months and only 4 patients had not had the event (death) at 

the time of the analyses and were censored. Multivariate analyses including age, extent of 

resection, and MGMT expression in addition to ABCG2 or XIAP protein expression, were 

conducted using the Cox regression method. For these analyses, patients were divided 

according to age into two groups using the median survival as the pivot point (<64 and >/

=64), according to extent of resection (Total vs. less than total) and according to MGMT 

expression (High vs. low). Kaplan-Meier analyses were conducted using XLSTAT 

(Addinsoft) and Cox regression analyses were conducted using XLSTAT and SAS.

Survival analyses according to RNA expression

The TCGA GBM database (http://cancergenome.nih.gov/cancersselected/

glioblastomamultiforme), which contains gene expression data on 580 individuals and linked 

phenotypic data, including mortality, were used to determine if XIAP and ABCG2 RNA 

levels were associated with survival. An analysis of covariance was run with a covariate of 

gene intensity and fixed effects of gender and treatment history. Kaplan-Meier plots were 

used to investigate the intensity effect of ABCG2 and XIAP on survival rate. Within the K-

M plots, samples were classified as low-expression (below median gene intensity value) or 

high-expression (above median).

Tissue culture and secondary sphere formation assay

Primary GBM tumorsphere lines, MMC1, MMC10 and MMC11, were established from 

fresh clinical samples. Patient GBM tissues were coarsely homogenized with a blade and 

incubated with Accutase for 5–10 minutes at 37 °C. Dissociated single cells were cultured in 

neural stem cell medium (NSC medium: DMEM/F-12 1:1 with B27, hEGF (20ng/ml), 

hBFGF (20ng/ml), and Pencillin/Streptomycin) to establish stable tumorsphere lines. To test 

secondary sphere formation, tumorspheres were dissociated into single cells using Accutase, 

and 3000 cells were seeded in 3ml of NSC medium in 6 well plates in duplicates. Numbers 

of spheres (composed of >50 cells) in control or drug treated wells were counted 10 days 

later. U87MG cells were purchased from ATCC and routinely cultured in 10% FBS + pen/

strep or in NSC medium for secondary sphere formation assays.

Chemicals

Embelin (Sigma) was dissolved in DMSO as a 27.2 mM stock solution and dissolved in 1:4 

(vol/vol) DMSO/ethanol as 100μM working stock solution. Ko143 (Tocris) and 

fumitremorgin (Sigma) were dissolved in DMSO as 1 mM stock solution. Temozolomide 

(Temodar for IV) was dissolved in ddH20 as 0.5 M stock solution. Vehicle control (VEH) 

consisted of ddH20, DMSO or DMSO/ethanol equivalent to treatments.

Immunocytochemical analyses of tumorsphere cultures

Low passage GBM tumorsphere cells were seeded onto poly-D-Lysine-coated coverslips 

and fixed with 4% paraformaldehyde. For immunofluorescence analyses and FACS 

analyses, standard protocols were used. Antibodies were purchased from commercial 
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sources: XIAP (1:600, Abcam) and ABCG2 (1:200, Abcam), NESTIN (1:600, BD 

Transduction laboratories), β-III-tubulin (1:300, Promega), GFAP (1:500, Chemicon), 

CD133-PE (Miltenyi), and CD15/SSEA1-FITC (BD Transduction laboratories). Goat Anti-

Rabbit Alexa-488 (1:1000) and Goat Anti-mouse Alexa-594 (1:1000) secondary antibodies 

were purchased from Life Technologies. Nuclei were counter-stained with DAPI.

Mouse xenografts

To determine tumorigenic potential of MMC10 tumorsphere cells, 1×105 cells were injected 

into the striatum of NOD-SCID;Il2gr−/− (NSG) mouse brain using a stereotaxic device. 

When mice showed signs of brain tumor, they were euthanized to harvest tumor tissues for 

analysis.

Viability assays

GUAVA (EMD Millipore) and CellTiter-Blue (Promega) cell viability assays to measure 

viability were performed according to manufacturer’s recommendations.

Fluorescence-activated cell sorting (FACS)

Established tumorsphere cells were dissociated into single cells using Accutase and stained 

with antibodies against CD133 (PE) and CD15/SSEA1 (FITC) using a standard FACS 

protocol.

RESULTS

Mediators of therapy resistance are differentially expressed in GBM patient tumors

To determine the role of genes implicated in glioma therapy resistance and stem cells, we 

selected eight candidate proteins (ABCG2, XIAP, MGMT, MSH2, ATM, P53, AKT, and 

NESTIN) and performed immunohistochemical analyses on formalin-fixed, paraffin 

embedded tissue samples from 50 GBM patients (see Online Resource 1 for patient and 

tumor characteristics). Using antibodies specific to each protein, we compared the 

expression patterns of proteins involved in DNA repair (MGMT, MSH2, pATM), cell 

survival (XIAP, pTP53, pAKT), multidrug resistance (ABCG2), as well as, a stem cell 

marker (NESTIN). Each sample was scored by the study pathologist (HB) based on the 

extent and intensity of the signal (See Methods). All the raw and calculated scores are 

presented in Online Resource 2.

There was a wide range of protein expression patterns among GBM samples (Fig. 1a). 

Phospho-p53 (pTP53) was barely detectable in most samples, with a median score of 0, and 

phospho-ATM (pATM) was weakly detectable with a median score of 17. On the other hand, 

NESTIN and MSH2 appeared nearly ubiquitous with median scores of 160 and 130, 

respectively. The other proteins had a wider range of expression, from samples displaying 

undetectable levels to samples displaying robust levels, indicating high intra- and inter-

tumoral heterogeneity. MGMT and phospho-AKT (pAKT) had median scores of 80 and 23, 

respectively. ABCG2 and XIAP had median scores of 60 and 80, respectively. Summary 

expression data are presented in Figure 1a.
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ABCG2 and XIAP protein expression levels are associated with GBM patient survival

To determine whether differential protein expression levels were associated with GBM 

patient survival, we analyzed the clinical outcome data of the 50 GBM patients. We first 

assigned tumors with expression score of 50 or less as “low expression” and those with 

scores above 50 as “high expression” based on the clinical judgment of the study pathologist 

(HB). Then we compared survival of patients with “high” and “low” expression scores for 

each protein. In agreement with previous results [21, 22], high expression of MGMT and 

pAKT was associated with shorter survival (Online Resource 3). In addition, we observed 

that high expression of ABCG2 and XIAP was similarly associated with significantly shorter 

survival (p=0.02 and 0.02, respectively, Fig. 1b and 1c). The crude hazard ratio for high-

ABCG2 versus low-ABCG2 expression was 2.32 (Table 1, 95% confidence interval of 1.20–

4.47) and for high-XIAP versus low-XIAP expression, it was 3.20 (Table 1, 95% confidence 

interval of 1.33–7.71). Since age, extent of resection and MGMT expression are known to 

affect survival, we sought to correct for these confounders. Table 1 displays the number and 

percentage of patients below age 64 (the median survival age for GBM patients) and those 

older, as well as patients who had a total gross resection of their tumor versus those who had 

a subtotal resection or a biopsy only. MGMT protein IHC score data were used as proxy for 

MGMT expression because the more commonly used MGMT promoter methylation data 

were not available for many of these patients. After taking into account these confounders, 

the adjusted hazard ratio for high ABCG2 versus low ABCG2 expression was 2.35 (95% 

confidence interval of 1.14–4.84) and for high versus low XIAP expression was 2.65 (95% 

confidence interval of 1.01–6.95). In contrast, the analysis of ABCG2 and XIAP RNA levels 

in the GBM dataset from The Cancer Genome Atlas (TCGA) did not reveal a significant 

association between XIAP RNA levels and patient survival, (Online Resource 3). 

Interestingly, patients with low ABCG2 RNA levels had worse survival (Online Resource 3, 

p= 0.03), suggesting that ABCG2 RNA and protein levels may not correlate in GBMs. These 

results indicate that ABCG2 and XIAP proteins, as detected by immunohistochemistry on 

formalin-fixed paraffin embedded tumor samples, may represent clinically useful 

independent prognostic indicators of GBM patient survival that warrant further analysis and 

validation.

Primary GBM tumorsphere cells express XIAP and ABCG2

Since patient tumor analyses revealed that poor survival is associated with high protein 

levels of XIAP and ABCG2 and these genes were reported to be higher expressed in 

CD133+ cells compared to CD133- cells [4], we tested whether ABCG2 and XIAP are 

functionally important in GSCs. To do this, we isolated and established tumorsphere lines 

from multiple fresh GBM patient tumors resected at Maine Medical Center. These GBM 

tumorsphere lines expressed NESTIN, a neural stem cell marker, as well as markers of 

neuronal (β-III-tubulin) and glial (GFAP) lineages upon differentiation in vitro (Fig. 2a), 

indicating multi-lineage differentiation potential in these tumorsphere lines. Furthermore, 

they can self-renew in serum-free neural stem cell (NSC) medium for > 20 passages in vitro. 

The percentage of secondary sphere forming cells varied from 0.5 to 3.1 % in different 

tumorsphere lines (Fig. 2b). The tumorsphere lines also expressed varying combinations of 

cell surface GSC markers, CD133 and CD15/SSEA1 (Fig. 2c). In addition, when injected 

into the striatum of NOD-SCID;Il2gr−/− (NSG) mice, they formed highly invasive tumors 
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that resemble the original patient tumor (Fig. 2d). For example, dense cellularity, atypical 

nuclei and high mitotic activity can be observed in both the original MMC10 patient tumor 

and the corresponding xenografted tumor (Fig. 2d).

Using three independent primary GBM tumorsphere lines (MMC1, MMC10, MMC11), we 

analyzed expression patterns of the ABCG2 and XIAP proteins. XIAP and ABCG2 were 

both expressed in the three tumorsphere lines (Fig. 3a), in agreement with the matching 

patient tumors (Fig. 3b).

ABCG2 inhibition suppresses GBM tumorsphere self-renewal

To determine whether XIAP and ABCG2 have a role in GSC self-renewal or survival, we 

performed secondary sphere formation assays in the presence or absence of small molecule 

inhibitors of XIAP (Embelin) or ABCG2 (Ko143 and Fumitremorgin (Ftc)). Dissociated, 

low passage GBM tumorsphere cells from MMC1, MMC10, and MMC11 lines were plated 

at a clonal density (1cell/μl) in NSC medium. GBM cells were treated with either 10μM 

Embelin (EMB), Ko143, or Ftc, with corresponding vehicle alone as controls. This 

concentration was chosen to achieve complete inhibition of the three targets as previously 

reported [[23, 24]]. In addition, EMB and Ko143 were tested in combination with 

Temozolomide (TMZ, 15 μM), the primary chemotherapeutic agent used to treat GBMs. 

Treatment of GBM tumorspheres with EMB, alone or in combination with TMZ, had little 

to no effect on self-renewal (Fig. 4a). In contrast, Ko143 treatment reduced self-renewal in 

the three MMC lines tested. This reduction was statistically significant in MMC10 and 

MMC11 (p=0.0001 and p=0.002, respectively) where overall ABCG2 expression was high, 

but not MMC1 cells (p<0.11, Fig. 4b) where ABCG2 expression was low (Fig. 3b). 

Consistent results were obtained when cells were treated with a different ABCG2 inhibitor, 

Ftc (Online Resource 4 and not shown). To determine whether Ko143 specifically affected 

self-renewal, we measured percentages of live and dead cells post treatment. Viability 

analysis using the MMC11 line showed that 10μM treatment of Ko143 increased the 

percentage of dead cells and decreased percentage of live cells (p=0.004, Fig. 4c), indicating 

that increased cell death contributes to decreased self-renewal. To test whether ABCG2 

inhibition affects GBM cell survival in general, we treated U87MG cells, an established 

human GBM cell line, with Ko143. Unlike primary GBM tumorsphere cells, U87MG cell 

viability did not change with Ko143 treatment (Fig. 4d), suggesting that 10μM K0143 is not 

generally toxic but that GSCs in tumorspheres are sensitive to Ko143 treatment. Together, 

these results suggest that inhibition of ABCG2 function suppresses self-renewal of GBM 

cells in a subset of patients.

DISCUSSION

In this study, we show that high levels of ABCG2 and XIAP protein expression are 

associated with worse GBM patient survival and that ABCG2 inhibition decreases survival 

and self-renewal of GSCs in a subset of GBMs. Although ABCG2 has been implicated in 

modulating migration/invasion of glioma cells independent of its role as a membrane 

transporter [25], this is the first report of its role in promoting GSC self-renewal/survival (in 

the absence of chemotherapy treatment) to our knowledge. Since GSCs are implicated in 
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GBM recurrence, our data support further exploration of the mechanism of ABCG2’s effect 

on glioma cell self-renewal since it may represent an unexplored therapeutic avenue against 

this disease.

Interestingly, RNA and protein level analyses of ABCG2 expression levels and patient 

survival showed conflicting results. While protein level analyses showed poorer survival for 

patients with high levels of expression, RNA level analyses of the TCGA data suggested 

better survival for patients with high ABCG2 RNA levels. A possible explanation for this 

discrepancy is that ABCG2 is post- transcriptionally and/or -translationally regulated in 

GBM cells such that RNA and protein levels do not correlate. Previous studies have reported 

that ABCG2 is post-transcriptionally regulated [26, 27]. In addition, others have reported 

that ABCG2 activity was predicted by its protein abundance and not by its mRNA 

expression [28]. Our observation is consistent with these reports and suggests that protein 

level analyses of ABCG2 expression must be included in future studies.

ABCG2 has received much attention as a potential therapeutic target for treating malignant 

cancers for two principal reasons. First, it is expressed in drug-resistant cancer cells and 

contributes to therapy resistance by extruding chemotherapies, including Doxorubicin, 

Ironotecan, Methotrexate, Topotecan, Imatinib and others [10, 29]. For example, a recent 

study using a mouse medulloblastoma model showed that combining ABCG2 inhibition by 

Ko143 treatment significantly enhanced therapeutic effect of topotecan, compared to 

topotecan treatment alone [12]. Consistently, dual ABCG2/Pgp inhibitors, such as Elacridar, 

have been tested in a limited number of human clinical trials where it has shown that co-

administration of Elacridar increased the oral bioavailability of topotecan [30, 31]. Second, it 

is expressed in the endothelial cells of the blood-brain barrier where it is part of the 

protective mechanism that restricts entry of exogenous compounds, including small 

molecule chemotherapeutics into the brain [13, 32]. In this study, we propose a third reason 

for pursuing ABCG2 as a potential target in GBMs: its role in promoting survival and self-

renewal of GSCs.

Our findings in this report are consistent with multiple studies implicating ABCG2 in stem 

cell maintenance. Others and we have shown that SP cells are enriched with GSCs in mouse 

models of malignant glioma and in U87 cells [18, 19]. In addition, ABCG2 was reported to 

be a direct target of Notch and HIF2a, key regulators of self-renewal in normal neural stem 

cells and GSCs [33–35]. Furthermore, Ko143 was shown to reduce self-renewal of prostate 

stem and progenitor cells of the mouse ventral prostate [36]. Newer and more specific 

inhibitors of ABCG2 should be tested in the clinic.

All procedures performed in studies involving human participants were in accordance with 

the ethical standards of the Maine Medical Center Institutional Review Board and with the 

1964 Helsinki declaration and its later amendments or comparable ethical standards.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. ABGC2 and XIAP protein expression levels are associated with GBM patient survival
a) Box plot analyses of the immunohistochemical (IHC) scores of paraffin-embedded, 

formalin-fixed tumor samples from GBM patients after monoclonal antibodies were used to 

visualize the expression of 8 protein targets (ABCG2, XIAP, MGMT, MSH2, pATM, pTP53, 

pAKT, and NESTIN). Each box represents the IHC scores between the 1st and the 3rd 

quartile. Lines represent the median IHC score ( −) and the maximum and minimum IHC 

scores ( −). b,c) Kaplan-Meier analyses of overall survival in months among GBM 

patients whose tumor samples had low expression by IHC (− −) versus high expression 

( −−−) of ABCG2 (b) or XIAP (c) proteins.
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Fig. 2. Isolation of primary GBM tumorspheres that are self-renewing, multipotential, and 
tumorigenic
a) Tumorspheres derived from patient samples express a neural stem cell marker (NESTIN). 

They can be differentiated to express a neuronal marker (β-III-tubulin) and a glial marker 

(GFAP). b) Three independent patient tumorsphere lines, MMC1, MMC10, and MMC11, 

were tested for secondary sphere formation in vitro at a clonal density for multiple passages. 

Approximately 0.5–3% of tumorsphere cells self-renew long term and can be passaged for 

>20 passages (not shown). The number of passages is denoted below each graph. c) 
Tumorsphere cells express GSC markers, CD133 and CD15/SSEA1, as determined by FACS 

analyses. d) Microscopic images of tissue sections stained with hematoxylin and eosin at 

high and low magnifications. Solid arrows point to mitoses and open arrows point to atypical 

cells.
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Fig. 3. ABCG2 and XIAP expression in matching patient tumors and tumorsphere lines
a) Immunofluoresence analyses of patient-derived tumorsphere lines MMC1, MMC10 and 

MMC11 and U87 cells stained with antibodies against ABCG2 (red), and XIAP (green). All 

nuclei are stained with DAPI (blue). b) immunohistochemistry (IHC) images of MMC1, 

MMC10, and MMC11 patient tumors using antibodies against ABCG2 and XIAP. IHC 

scores for MMC1, MMC10 and MMC11 were 40, 160 and 180 respectively for ABCG2, 

and 100, 140 and 100 respectively for XIAP.
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Fig. 4. Inhibition of ABCG2 suppresses GBM tumorsphere self-renewal
Secondary sphere formation assay with low passage (p<10) MMC1, MMC10, and MMC11 

cells in the presence of (a) 10μM Embelin (XIAP inhibitor) or (b) 10μM Ko143 (ABCG2 

inhibitor) alone or, in combination with 15μM Temozolomide (TMZ). Error bars: SEM. c) 
GUAVA viability measurement of MMC11 cells showing live/dead cells at 72 hours post 

10μM Ko143 treatment. Error bars= STME. d) Viability of U87 cells treated with control 

(DMSO) or 10μM Ko143. Error bars: STME.
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