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Abstract 

Glioblastoma (GBM) is characterized by a poor response to conventional chemotherapeutic 

agents, attributed to the insurgence of drug resistance mechanisms and to the presence of a 

subpopulation of glioma stem cells (GSCs). GBM cells and GSCs present, among others, an 

overexpression of anti-apoptotic proteins and an inhibition of pro-apoptotic ones, which help 

to escape apoptosis. Among pro-apoptotic inducers, the Bcl-2 family protein Bax has been 

recently emerged as a promising new target in cancer therapy along with first BAX activators 

(BAM7, Compound 106 and SMBA1). Herein, a derivative of BAM-7, named BTC-8, was 

employed to explore the effects of Bax activation in different human GBM cells and in their 

stem cell subpopulation. BTC-8 inhibited GBM cell proliferation, arrested cell-cycle and 

induced apoptosis through the induction of mitochondrial membrane permeabilization. Most 

importantly, BTC-8 blocked proliferation and self-renewal of GSCs, and induced their 

apoptosis. Noteworthy, BTC-8 was demonstrated to sensitize both GBM cells and GSCs to the 

alkylating agent temozolomide. Overall, our findings shed light on the effects and on the 

relative molecular mechanisms related to Bax activation in GBM, and suggest Bax-targeting 

compounds as promising therapeutic tools against the GSC reservoir. 

 

Key words: Bcl-2 family, Bax activation; glioblastoma; cancer stem cells; pro-apoptotic 

proteins. 
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Introduction 

Glioblastoma (GBM) is a highly invasive and aggressive brain tumour1. Current standard of 

care includes surgical resection, radiation, and chemotherapy with the alkylating agent 

temozolomide (TMZ). More recently, dendritic cell vaccine, cytomegalovirus cytotoxic T 

lymphocytes and immune check point inhibitors such as nivolumab or pembrolizumab, have 

entered diverse phases of clinical trials for patients with recurrent GBM 

(https://www.clinicaltrial.gov). Nevertheless, at present, GBM has a very poor prognosis, with 

a 5-year survival rate of 4–5%2, attributed to tumor location, heterogeneity of tumor formation 

and the occurrence of drug-resistance. Thus, today it is well-known that, similarly to other 

cancers, a stem cell-like population is responsible for GBM maintenance and proliferation3-5. 

Glioma cancer stem cells (GSCs) have been demonstrated to play a pivotal role in GBM 

genesis, as well as in its recurrences following treatment, suggesting that innovative stem cell-

orientated therapies may be an effective strategy to significantly improve GBM treatment6,7. 

Unfortunately, several findings have shown that these cells are intrinsically more resistant to 

radiation and chemotherapy compared with non-cancer stem cells (CSCs)8-10. Similar findings 

have been found in a mouse model of GBM relapse11. Overall, these findings indicate that 

distinct or combined strategies to overcome GSC resistance6 are urgently needed. 

A huge amount of data indicates that GSCs display a prominent deregulation of 

apoptotic/survival pathways, which seems to contribute to their intrinsic chemo-resistance. 

This deregulation may result, among others, from alterations in mitochondrial proteins, 

providing alternative therapeutic opportunities to find novel chemotherapeutics12. In this 

respect, the mitochondrial Bcl-2 family proteins constitute, to date, one of the principal 

apoptosis regulators13. Within this family, three main subgroups are known: (i) the anti-

apoptotic members (e.g., BCL-2, BCL-XL, MCL-1, A1), (ii) the pro-apoptotic members (e.g., 

Bak and Bax), and (iii) the pro-apoptotic BH3-only proteins (e.g., BID, BIM, PUMA, BAD, 

NOXA) 14-16. 

Overexpression of pro-survival Bcl-2 family members has been documented in several human 

malignancies, including GBM17,18, and related to chemoresistance and aggressive relapse19,20. 

Preclinical data have demonstrated that the pharmacological inhibition of such proteins can 

reactivate apoptosis and enhance the efficacy of conventional chemotherapies17,21. In 

immortalized glioma and GBM patient-derived GSC models, combined pharmacological 

interference of Bcl-2 family and other aberrantly active pro-survival pathways (e.g., PI3K 

signaling pathway or histone deacetylase) has been recently emerged as an effective strategy 

to overcome endogenous resistance to apoptosis22,23. 
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Structure-aided medicinal chemistry have led to the development of several BH3 mimetic 

compounds24,25. Only recently, BAX-based virtual screening campaigns led to the 

identification of three small molecules as activator (BAM-7,26 Compound 10627 and 

SMBA128). Lately, we embarked in a BAM-7 lead optimization program that led to the 

compound BTC-816, that displayed an EC50 of 700 nM, one order of magnitude lower than that 

measured for BAM-7 at least in HuH7 cells (Human Hepatoma cell line).  

Herein, the effects of a Bax Targeting Compound (BTC-8), alone or in combination with the 

alkylating agent TMZ, were assessed in human GBM cells and in their stem cell subpopulation. 

BTC-8 was demonstrated to inhibit GBM cell proliferation through the induction of MOMP. 

Most importantly, the compound significantly blocked GSC proliferation and self-renewal and 

enhanced TMZ-elicited effects inducing a long-lasting arrest of GBM cells, as well as of GSCs, 

on which TMZ is poorly active. Overall, our findings shed light on the effects and the relative 

molecular mechanisms related to a Bax activation in GBM, and suggest Bax-targeting 

compounds as a promising therapeutic strategy to eliminate the GSC reservoir. 
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Results and Discussion 

Experimental plan. 

BTC-816 was utilized to explore the effects of Bax pharmacological activation in GBM. Indeed, 

experimental evidences have been reported demonstrating that BTC-8 is selective for Bax16. 

The compound ability to interact with the human recombinant Bax and activate its proapoptotic 

function in different tumor cell populations have been recently demonstrated16. Herein, BTC-

8 cellular activity and molecular mechanisms were explored in human GBM cell lines 

expressing wild type Bax29 and in the respective stem cell counterpart (GSCs). In order to 

compare the compound effects to those induced by a conventionally GBM chemotherapy drug, 

the DNA alkylating compound TMZ was tested in parallel experiments, alone or in 

combination with the Bax activator.  

 

BTC-8 inhibits U87MG cell proliferation and potentiates TMZ-induced antiproliferative 

effects. 

As a first step, to establish the optimal single dose of BTC-8 to be used in the next experiments, 

U87MG cells were treated with BTC-8 increasing concentrations (ranging from 1 nM to 50 

µM) for 72 h. A dose-dependent inhibition of proliferation was observed in BTC-8-treated 

U87MG cells with respect to control (Fig. 1A), yielding an IC50 value of 711.7 ± 7.2 nM. The 

maximal percentage of inhibition was of 59.4 ± 3.8, comparable to that elicited by 50 µM 

TMZ30 (Fig. 1C). Based on these findings, 500 nM BTC-8 was chosen as representative 

concentration in further experiments. 

In order to confirm if BTC-8-elicited effects could be ascribed to Bax activation, cell 

proliferation experiments were repeated after Bax silencing by specific siRNA. The silencing 

efficacy was verified by both real time PCR and western blotting analyses (Suppl. Fig. 1A and 

B). Due to specific siRNA protocol, cell proliferation was tested after 48 h instead of 72 h. As 

shown in Fig. 1B, BTC-8 induced significantly lower anti-proliferative effects in Bax-silenced 

U87MG cells after 48 h of incubation, thus demonstrating that Bax activation is effectively 

involved in BTC-8 elicited effects. The abolishment of BTC-8-elicited activity was not 

evidenced at the highest compound concentration (i.e., 50 µM, Fig. 1B), thus suggesting that 

additional effects may occur at high compound concentration.  

Consistent with our findings, targeting Bax with BH3 mimetics compounds has been shown to 

reactivate autophagic cell death in resistant glioma cells31. Similarly, Bax translocation, as an 

index of its activation, has been demonstrated to mediate cytotoxicity in different glioma cells, 
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including U87MG32. 

To assess whether U87MG cells could resume proliferation, at the end of the treatment period 

(72 h), the culture medium was replaced with fresh medium not containing the drug (Scheme 

in Fig. 1). As depicted in Figure 1C, U87MG did not recover their growth after 72 h of washout. 

These results suggest that BTC-8 is able to block completely the proliferation of U87MG cells. 

To determine if Bax activation can potentiate the antiproliferative effect of the alkylating agent 

temozolomide (TMZ) in GBM cells, BTC-8 and TMZ were combined together. Challenging 

U87MG cells for 72 h with 50 µM TMZ plus 500 nM BTC-8 produced a synergic/additive 

effect on the reduction of cell proliferation (Fig. 1C). Consistent with our data, Bcl-2 inhibitors 

have been demonstrated to enhance TMZ action in U87MG cells33. 

Moreover, BTC-8 plus TMZ blocked the ability of cells to recover proliferation (Fig. 1C), 

whereas, TMZ-treated cells resumed proliferation after drug wash-out (Fig. 1C). These results 

suggested that the BTC-8-induced Bax activation prevents U87MG cells to recover the normal 

growth and enhances TMZ antiproliferative activity. 

To dissect in deep if synergic or additive affects can occur in the presence of BTC-8 and TMZ, 

an isobolar analysis was performed30,34,35. The co-treatment of U87MG cells with the two tested 

BTC-8/TMZ ratio (1:12 and 1:50) produced an interaction index (γ) of 0,9 and 0,8, respectively 

(Fig. 1D and Suppl. Table 1). These results demonstrated that the combination of the two drugs 

raised additive antiproliferative effects in human U87MG cells.  

 

BTC-8 induces apoptosis and cell cycle block of U87MG cells. 

We then investigated whether the reduction in proliferating cells elicited by BTC-8 could be 

associated with apoptosis and/or cell cycle block.  

As a first step, the number of living and dead cells were monitored by the use of the Trypan 

blue exclusion assay. Cell counting by Trypan blue evidenced that BTC-8 reduced the number 

of living cells (Fig. 2A) and, when used at micromolar concentration, slightly but significantly 

enhanced the quote of dead cells (Fig. 2A). In order to assess if the living cells were activating 

death programs, the possible loss of plasmatic membrane asymmetry was checked. After 

U87MG cell treatment with BTC-8 (500 nM, for 72 h), approximately 23% of cells with 

membrane integrity showed phosphatidylserine externalisation (Fig. 2B and Suppl. Fig. 2A), 

suggesting an apoptosis activation. Consistent with these results, Bax activation by BH3 

mimetics has been demonstrated to induce effectively apoptosis in GBM cells, including 

U87MG31.  

As expected, TMZ alone induced a significant induction of cellular apoptosis/death; when the 
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alkylating agent was applied in combination with BTC-8, a significant enhancement of early- 

and late-stages of cellular apoptosis was observed (Fig. 2C and Suppl. Fig. 2B). These results 

confirmed that BTC-8 can sensitize GBM cells to the apoptotic action of TMZ. 

Cell cycle analysis showed that U87MG cell treatment with 500 nM BTC-8 for 72 h induced 

cell cycle disturbance, arresting cell cycle in the G2/M phase. Similar effects were shown in 

the TMZ-treated samples (Fig. 2C and Suppl. Fig. 2B). When BTC-8 was used in combination 

with TMZ (500 nM+50 µM), the amount of cell debris did not allow the analysis of cell cycle 

phases (data not shown). Based on these results, cell cycle experiments were repeated 

maintaining the ratio between BTC-8 and/or TMZ, while decreasing their concentrations in 

U87MG cells (i.e., 10 nM BTC-8 and 10 µM TMZ). The combination of lower concentrations 

of the two compounds evidenced a higher arrest in the G2/M phase, with a highest degree with 

respect to single treated cells (Suppl. Fig. 3A and B). 

 

BTC-8 dissipates mitochondrial membrane potential (Δψm) in U87MG cells but does not 

induce activation of caspase 3/7. 

Since Bax-like proteins has been related to mitochondrial permeabilization36, the effects of 

BTC-8 on GBM cell mitochondrial depolarization (Δψm) were assessed. To this purpose, 

mitochondria isolated from U87MG cells were incubated with 500 nM BTC-8 for 15 min and 

then Δψm was measured. The results showed that the compound markedly reduced JC-1 

accumulation in mitochondria isolated from U87MG cells (Fig. 2D and Suppl. Fig. 2D), 

confirming collapse of Δψm after Bax activation. Similarly, BH3 mimetics have been 

demonstrate to trigger mitochondrial depolarization in anoxia-sensitive glioma cells31. 

The experiments were repeated in mitochondria isolated from U87MG cells previously 

incubated with BTC-8 and/or TMZ for 72 h. BTC-8 caused a significant depolarization of 

mitochondria membrane potential (Fig. 2E and Supplementary Fig. 2D), confirming that Bax 

activation can directly affect mitochondria functionality. In contrast, TMZ induced a modest 

reduction of JC-1 accumulation (Fig. 2E and Suppl. Fig. 2D). A strong mitochondrial 

depolarization was noticed in samples co-treated with BTC-8 and TMZ (Fig. 2E and Suppl. 

Fig. 2D), suggesting that the combination of a Bax activator and an alkylating agent can induce 

a more pronounced effects on mitochondria functionality. 

Bax-like proteins (Bax, Bak, and potentially Bok) trigger mitochondrial permeabilization, 

which is required for the release of proapoptotic factors from mitochondria and for the 

activation of caspase-dependent and -independent cell death pathways36,37. However, 

challenging U87MG cells with 500 nM BTC-8 for 72 h did not reveal any significant activation 



8 

of caspase 3/7 (Fig. 2F and Suppl. Fig. 2E), thus suggesting that BTC-8 triggered cell death 

occurred in a caspase independent manner. Similar results were obtained with TMZ alone and 

in co-treated samples (Fig. 2F and Suppl. Fig. 2E). Nevertheless, higher concentrations of TMZ 

have been demonstrated to activate caspases in the same GBM cells upon 6 h of treatment38. 

Furthermore, it should be mentioned that BTC-8 itself has been shown to induce activation of 

caspase-3 following Bax translocation in NB4 leukemic cells16. Based on these data, it can be 

speculated that different mechanisms may occur following Bax activation in GBM cells. 

Consistent with this hypothesis, BH3 mimetics and Bcl-2 inhibitors have been demonstrated to 

induce a caspase-independent apoptosis and autophagy of GBM cells31,33. Moreover, caspase-

3 has been shown not to be involved in cell death mediated by Bcl-2/Bcl-xL antisense 

oligonucleotides in U87MG cells39, thus suggesting that the Bcl-2 family protein do not require 

caspases in these cells. Of note, GBM cells are sensitive to caspase-dependent apoptosis caused 

by different proapoptotic stimuli, indicating that these cells preserve the ability to induce 

caspases as death effectors31. 

 

BTC-8 differentially affects cell proliferation in distinct GBM cell lines. 

In order to extend our observations on the therapeutically potential of a Bax activator in this 

type of tumor, selected experiments were also performed in additional GBM cell lines, 

considering the heterogeneity of these cells. In particular, U343MG, ANGM-CSS (presenting 

wild-type p53)40,41 and T98G cells (presenting a mutated p53)42 were selected. 

As depicted in Figure 3A, BTC-8 lead to a significant and concentration-dependent inhibition 

of ANGM-CSS cell proliferation, showing an IC50 value of 495,5 ± 40,8 nM, similarly to what 

observed in U87MG cells. Conversely, a weak but significant inhibitory effect was obtained 

with TMZ (Fig. 3A), consistent with literature data40,41,43,44. The combination of BTC-8 and 

TMZ showed a significant greater effects with respect to single-treated cells (Fig. 3A), 

demonstrating that Bax activation can sensitise TMZ-poorly responding cells. Accordingly, 

Bak, a Bax protein analogue, has been identified recently as a key factor for TMZ-induced 

apoptosis in GBM: these findings may also account for the additive effects of a TMZ-BTC-8 

treatment, and confirm the pro-apoptotic protein Bax as a promising target to overcome 

therapeutic resistance toward TMZ45. 

Challenging T98G cells with BTC-8 for 72 h did not significantly affect cell proliferation (Fig. 

3C). As these cells present a mutated form of the tumor suppressor p53, such results may 

suggest that the pro-apoptotic effect of Bax activation requires a wild-type p53. In this respect, 

in a recent work Bcl-xL inhibitors have been shown to induce Bax full activation and the 
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subsequent cell death induction by the p53 pathway46.  

Surprisingly, although presenting a wild-type p53, U343MG cells were not affected by a 72 h 

treatment with high BTC-8 concentrations (Fig. 3B), suggesting that other factors than the p53 

status may contribute to GBM cell sensitivity to Bax activation. Nevertheless the poor 

sensitivity of U343MG cells, the combination of BTC-8 and TMZ was still able to potentiate 

TMZ-induced effects (Fig. 3B). The comparable BTC-8-induced antitumoral effects observed 

in wild-type p53 U343MG (Fig. 3B) and p53-null T98G (Fig 3C) cells could be due to 

expression of p73 in this latter cell line. 

Overall, such results confirmed that Bax activation sensitizes GBM cells to TMZ-elicited 

effects in GBM cells. Similarly, the pharmacological inhibition of the antiapoptotic proteins 

Bcl-2 has been demonstrated to improve TMZ action in different glioma cells, including 

U87MG and U343MG33. 

To explore the putative reasons at the basis of the different GBM cell responses to BTC-8, the 

mRNA levels of Bcl-2 family proteins was investigated in the different GBM cell lines, since 

a correlation between the expression of Bcl2-like proteins and pro-apoptotic effects has been 

demonstrated in primary GBM24,39. As depicted in Figure 3D, ANGM-CSS presented a 

significant lower mRNA content of the antiapoptotic members Bcl-2 and Bcl-XL with respect 

to U87MG cells. These results may account to the great ANGM-CSS response to Bax 

activation. Consistent with this hypothesis, the specific down-regulation of both Bcl-2 and Bcl-

XL expression in GBM cell lines by antisense oligonucleotides results in spontaneous cell 

death39.  

Conversely, the p53-wild-type U343MG cells displayed a significant higher mRNA expression 

of Bcl-2 (Fig. 3D), which could contribute to their poor sensitivity to BTC-8. Based on 

literature data, Bcl-2 overexpression in these cells may block p53-mediated effects, inhibiting, 

in particular, its binding to target gene promoters that control the apoptotic response to DNA 

damage, as well as the endogenous transcriptomic changes subsequent to genotoxic stress47. 

Interestingly, T98G cells were found to have a lower mRNA expression of Bcl-2, Bcl-XL, and 

of Bax (Fig. 3D). Such results suggest that the p53/Bax axis plays the major role in controlling 

BTC-8 mediated effects.  

Consistent with these data, the Bax/Bcl-2 ratio, a common parameter of apoptosis48-50 presented 

the following order: ANGM-CSS>T98G>U343MG (Suppl. Fig. 4). Such results reflect the 

sensitivity of GBM cells to BTC-8, consistent with recent literature data reporting an increase 

of Bax/Bcl-2 ratio when antiproliferative/apoptotic effects occur48-51. However, additional 

experiments will be required to explore in deep the molecular mechanisms of Bax activation 
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in the different GBM cell lines. 

 

BTC-8 decreases U87MG-derived GSC proliferation.  

Several evidences have demonstrated that CSCs play a major role in drug resistance and disease 

recurrence and that the development of effective therapeutic strategies to eliminate GSCs is 

critical to improve GBM treatment outcomes9,52. 

Therefore, the effects of BTC-8 on GSCs isolated from GBM cells were evaluated. The 

formation of neurospheres in U87MG cell cultures in vitro was induced by a specific neural 

stem-cell (NSC) medium6,43,53. Consistent with literature data6,43,53, the spheres obtained using 

U87MG cells (Suppl. Fig. 5A) included significantly higher levels of the stem cell markers 

CD133/Nestin+ cells and a smaller percentage of GFAP+ cells compared with the pool of whole 

U87MG cells (Suppl. Fig. 5B). Moreover, GSCs presented a greater ability to form spheres 

with respect to adherent U87MG cells (51.5% GSC, 10.1% U87MG, p < 0.001, Suppl. Fig. 

5C), indicating that GSCs retain a clonogenic and self-renewal potential. Finally, GSCs were 

confirmed to exhibit a higher resistance to TMZ with respect to U87MG cells after 72 h of 

incubation (Suppl. Fig. 5D)41. All together, these data support the reliability of GSC isolation. 

First, the effect of BTC-8 and/or TMZ was explored on GSC proliferation. As depicted in 

Figure 4A, BTC-8 induced a concentration-dependent inhibition of GSC proliferation, yielding 

an IC50 value of 8.8 ± 0.9 nM after 7 days of cell incubation. Based on these data, GSCs were 

challenged with 50 nM BCT-8 in further experiments. 

Such results suggest a great sensitivity of GSCs to Bax activation. Similarly, the BH3 mimetic 

ABT-737 has been demonstrated to reduce GSC proliferation54, confirming that the activation 

of the Bax pathway is able to target the stem cell subpopulation of GBM.  

Neurospheres were found to present significant greater Bax mRNA levels with respect to 

U87MG cells (Fig. 4B), thus suggesting a putative explanation for GSC sensitivity to BTC-8. 

However, previous studies have reported that CD133+-GSCs express elevated levels of anti-

apoptotic proteins Bcl-2 and Bcl-XL55. Based on such data, it can be speculated that Bax 

activation in GSCs is able to overcome Bcl-2/Bcl-XL overexpression, reducing in turn GSC 

proliferation. 

TMZ alone significantly inhibited GSC proliferation (Fig. 4C), as previously demonstrated9; 

the treatment for 7 days with 50 µM TMZ plus 50 nM BTC-8 had a synergic/additive effect on 

the reduction of neurosphere’s proliferation (Fig. 4C). Such data suggest that Bax activation 

can sensitise GSCs to TMZ-mediated cytotoxicity.  

Next, we assessed whether BTC-8-treated cells could resume their growth after drug removal 
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(treatment scheme, Fig. 4). After U87MG-GSC challenging with the compound, and a wash-

out period of 7 days, the percentages of proliferating cells did not significantly increase, 

suggesting their overall inability to recover normal growth (Fig. 4C). TMZ-treated samples 

showed a trend toward growth re-starting after 72 h of cell wash-out, whereas challenging 

GSCs with both TMZ and BTC-8 triggered a long-lasting inhibition of GSC growth (Fig. 4C, 

85.9 ± 3.6 % of inhibition, which persisted after 72 h of wash-out). 

 

BTC-8 inhibits U87MG-derived GSC formation and induces apoptosis/cell cycle block. 

A morphological analysis was performed in order to confirm the effects elicited by BTC-8, 

alone or in combination with TMZ, on GSCs isolated from U87MG cells. The results showed 

that 50 nM BTC-8 mediated inhibition of cell proliferation was accompanied by a reduction in 

the number (Fig. 5A and B) and in the area (Fig. 5A and C) occupied by GSCs in culture. 

Similar results were obtained challenging GSCs with TMZ for seven days (Fig. 5A-C). When 

combined together, the two drugs elicited significant greater effects on the reduction of number 

and area occupied by neurospheres (Fig. 5A-C) with respect to single-treated cells. These 

results confirmed that the co-treatment with a Bax activator and TMZ could represent a great 

strategy to block GSC proliferation. 

The ability of BTC-8 to affect the formation of GSCs was then examined. To this purpose, 

adherent U87MG cells were switched to a defined serum-free NSC medium, and the cells were 

allowed to growth for nine days in the presence or absence of BTC-8 and/or TMZ (Fig. 5D, E 

and F). BTC-8 and TMZ decreased the diameter of the new formed spheres, suggesting their 

ability to inhibit the proliferation of de novo GSCs (Fig. 5E). Moreover, the compounds caused 

a reduction in the sphere number, indicating their capacity to alter the stem cell-generating 

ability of the GBM cells, too (Fig. 5F). Additive effects were noticed in the presence of a co-

treatment with BTC-8/TMZ (Fig. 5D, E and F). 

Cell cycle analysis demonstrated that challenging GSCs for 7 days with BTC-8, as well as with 

TMZ, induced cell cycle arrest in G2/M phase decreasing significantly the G0/G1 

subpopulation (Fig. 6A and Suppl. Fig. 6A). As in U87MG cells, when BTC-8 was applied 

with TMZ, the amount of cell debris did not allow analysing cell cycle phases (data not shown). 

Treating GSCs with BTC-8 for 7 days caused a significant phosphatidylserine externalization 

in the presence of 7-AAD binding to DNA, thus denoting the induction of early and late 

apoptosis (Fig. 6B and Suppl. Fig. 6B). Consistent with our findings, Bax upregulation and 

Bcl-2 downregulation have been found to induce apoptosis of breast or cervical CSC 56,57. 

Overall, these results demonstrated that the block of GSC proliferation was accompanied by 
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the induction of GSC apoptosis and by GSC cycle block. 

 

BTC-8 dissipates mitochondrial membrane potential (Δψm) in U87MG-derived GSCs but does 

not induce activation of caspase 3/7. 

The effects of BTC-8 on mitochondrial depolarization were assessed also in GSCs. GSCs were 

treated with the compound for 7 days, and then Δψm was measured in isolated mitochondria. 

The results showed that 50 nM BTC-8 markedly reduced JC-1 accumulation in mitochondria 

isolated from GSCs (Fig. 6C and Suppl. Fig. 6C). When combined with TMZ, an almost 

complete dissipation of mitochondrial membrane potential was evidenced (Fig. 6C and Suppl. 

Fig. 6C). Consistent with the data obtained in U87MG cells, BTC-8 alone or in combination 

with TMZ did not induce caspase 3/7 activation in GSCs (Fig. 6D and Suppl. Fig. 6D).  

 

BTC-8 modulates the transcription of hypoxia-inducible factors in U87MG cells and in 

U87MG-derived GSCs.  

Several studies have demonstrated that GBM cells, and in particular GSCs, are maintained 

within hypoxic niches and that hypoxia-inducible factors (HIFs), including HIF-1α and HIF-

2α, play a key role in maintaining the stemness of these cells53,58,59. Therefore, the modulation 

of the HIF-1α transcript levels upon incubation with BTC-8 was investigated.  

Challenging U87MG cells with 500 nM BTC-8 significantly decreased mRNA levels of HIF-

1 and enhanced mRNA levels of HIF-2(Fig. 7A), thus suggesting that the compound-

elicited cytotoxic effects involve HIF modulation. Consistent with this hypothesis, silencing 

the HIF-1α gene resulted in the inhibition of GBM tumour growth53,60. The increase in HIF-

2mRNA elicited by BTC-8 and TMZ may represent a positive event, since in glioma cells 

HIF-2 has been demonstrated to repress the transcription of essential elements for cellular 

immortalization and transformation61. 

TMZ alone showed similar effects on the modulation of HIF-1 and HIF-2(Fig. 7A). When 

applied with BTC-8, a further reduction in HIF-1levels was noticed (Fig. 7A), thus 

suggesting that the compound can cooperate with TMZ in blocking HIF-1signalling in GBM 

cells.  

Similar experiments were repeated in GSCs (Fig. 7B). Neurospheres were confirmed to exhibit 

a higher increased expression of HIF-1 compared to the differentiated GBM cells (Fig. 7C), 

consistent with previously reported data53,62,63. BTC-8 did not induce any significant changes 

in HIF-1α level after 7 days of treatment (Fig. 7B). Similar effects were observed with TMZ 

alone (Fig. 7B). In contrast, BTC-8 and TMZ used alone significantly enhanced HIF-2α mRNA 
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levels (Fig. 7B). When the two drugs were combined together, a further increase in HIF-2α was 

evidenced (Fig. 7B).  

HIF-2α has been shown to play a significant role in preserving cells an undifferentiated 

state58,64; nevertheless, the enhancement in the HIF-2α mRNA levels that was observed on the 

7th day may be associated with effects on other signaling pathways. For example, such increase 

may block Notch, thus inhibiting cell proliferation, as supposed in previous papers6,65.  

 

BTC-8 differentially affects GSC proliferation in distinct GBM cell lines. 

Proliferation experiments were performed in GSCs isolated from U343MG, ANGM-CSS and 

T98G cells. Consistent with the results obtained in the respective differentiated cells (see Fig. 

3A), BTC-8 effectively inhibited ANGM-CSS-derived GSC proliferation (Fig. 8A), exhibiting 

greater antitumoral effects with respect to TMZ (Fig. 5A). When combined together, the two 

compounds induced a significant higher reduction of GSC proliferation with respect to single-

treated cells (Fig. 8A). Challenging U343MG-deived GSCs with BTC-8 for 7 days 

significantly affected cell proliferation only at the highest tested concentration (Fig. 8B), thus 

confirming this GBM cell line as poorly-responder to Bax activation. In the presence of TMZ, 

a slight but significant enhancement of Bax-mediated effects were noticed (Fig. 8B). Overall, 

these data demonstrate the ability of BTC-8 to potentiate TMZ-elicited effects in GSCs isolated 

from different GBM cell lines.  

Conversely, GSCs isolated from T98G cells did not respond to BTC-8 (Fig. 8C). TMZ showed 

a modest reduction of such neurospheres (Fig. 8C); in this case, the combination of TMZ plus 

BTC-8 was not able to induce additive effects (Fig. 8C), demonstrating that a functional p53 

pathway is essential in GSCs as well. Accordingly, several evidences have identified p53 as 

one of the key regulation of normal and malignant stem/progenitor cell differentiation, self-

renewal and tumorigenic potential66. 

 

BTC-8 does not affect viability/proliferation of normal human cell models. BTC-8 has 

previously found not to affect viability of normal cells16. Herein, in order to investigate further 

BTC-8 potential toxicity profile, both human mesenchymal stem cells (MSCs) and human 

lymphocytes were used as normal cell models. Challenging MSCs with the compound (1-100 

µM) for 72 h did not significantly affect cell proliferation (Fig. 8D).  

Human lymphocytes were confirmed to express Bax (Suppl. Fig. 7). In these cells, BTC-8, 

alone or in combination with TMZ, did not show any significant effect in the MTS assay (Fig. 

8D). These data suggest that BTC-8 mechanism of action is directed preferentially toward 
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tumor cells.  

 

Conclusions 

GBM is characterized by a high rate of drug resistance and recurrence, due, at least in part, to 

the tumor ability to escape apoptosis and to the presence of a highly proliferative stem cell 

component. GBM cells and GSCs present, among others, an overexpression of anti-apoptotic 

proteins and an inhibition of proapoptotic ones. Among proapoptotic inducers, the Bcl-2 family 

protein Bax has been emerging as a promising new target in cancer. In the present paper, the 

Bax activator BTC-8 was provided to induce anti-proliferative effects, apoptosis and cell cycle 

block in human U87MG cells and in their stem cell counterpart, through the induction of 

mitochondrial membrane permeabilization. In particular, the compound inhibited cell 

proliferation with an IC50 value of 8.8 nM in U87MG-derived GSCs.  

Importantly, BTC-8 was provided to potentate the chemotherapeutic action of TMZ, both in 

GBM cells and in GSCs. Considering that this alkylating agent, together with radiotherapy and 

surgery, is the international standard-of-care for thousands of people with GBM, the discovery 

of a new substance able to sensitize cells to TMZ may represent a starting point for the 

development of novel therapeutic strategies in this type of tumor. 
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Materials and methods  

GBM cell-lines and GSC isolation. U87MG, U343MG, SH-SY5Y and T98G were obtained 

from the National Institute for Cancer Research of Genoa (Italy), American Type Culture 

Collection (USA) and Cell Lines Service GmbH (Germany), respectively. ANGM-CSS cells 

were kindly gifted by IRCCS Casa Sollievo della Sofferenza Hospital, Italy. Each cell line was 

monitored for DNA profiling and cultured as described30,41.  

To isolate GSCs from each GBM cell line, approximately 2.5 x 106 cells were suspended NSC 

medium as described6,53. The method accuracy for GSC isolation was verified in previous 

experiments6,53 and further confirmed by Real Time RT-PCR analysis of stem cell (CD133, 

Nestin) and glial (GFAP) markers (see Supplementary Information). Furthermore, GSC 

clonogenic potential was verified by a limiting dilution initiation analysis43, quantifying the 

“frequency of neurospheres initiation cells”. Neurospheres or adherent U87MG cells were 

dissociated and seeded in NSC medium (1, 5, 10, 50, or 100 cells/well)43. The formed 

neurospheres were scored after 15 days using ELDA’s online algorithm 

(http://bioinf.wehi.edu.au/software/ elda/). 

 

Cell proliferation assays of GBM cells and GSCs. The human GBM cells (U87MG, U343MG, 

ANGM-CSS or T98G cells), neuroblastoma cells (SH-SY5Y), or GSCs were treated for the 

indicated times with fresh growth medium containing different concentrations of BTC-8, 

synthesized as previously described16. For the long-term treatment of cells, NSC or complete 

medium containing drugs was replaced every three days. When indicated, U87MG cells were 

treated with BTC-8 500 nM and TMZ 50 µM, alone or in combination. For wash-out 

experiments, U87MG cells or GSCs were treated with BTC-8 and/or TMZ for 72 h (U87MG 

cells) or 7 days (GSCs). At the end of treatments, medium-containing drugs was replaced by 

fresh medium, and cells were allowed to growth for the indicated days (3 days for GBM cells, 

7 days for GSCs). At the end of treatments, cell proliferation was determined using the MTS 

assay, as described43. 

 

Isobolar analysis. A graphical assessment of BTC-8/TMZ synergy with regard to U87MG 

growth inhibition was performed using isobolographic analysis30,34,35. The IC50 of TMZ was 

plotted on the abscissa, and the iso-effective dose of BTC-8 was plotted on the ordinate. The 

theoretical additive effect of the two drugs is represented by the straight line connecting the 

two points. To determine whether the interaction between the two drugs was synergistic, 



16 

additive or antagonistic, the theoretical additive IC50,add was estimated from the dose-response 

curves of each drug administered individually. The interaction index, denoted by γ, is an 

assessment of the degree of synergism or antagonism. The index is defined by the isobolar 

relationship as follows34,35: γ = a/A + b/B where A and B are the doses of drug A (alone) and B 

(alone) that give the specified effect, and (a,b) are the combination doses that produce the same 

effect30. 

 

siRNA mediated inhibition of Bax gene expression. Bax siRNA (Santa Cruz Biotecnology, 

Heidelberg, Germany) or siRNA scrambled was transfected to a final concentration of 100 nM, 

following the manufacturer’s protocol30. The silence efficacy was verified by both real time 

PCR western blotting analyses (see below). 24 h after transfection, U87MG cells were 

incubated with different BTC-8 concentrations for 48 h, and cell proliferation was assessed as 

reported above.  

 

Mitochondrial membrane potential dissipation analysis. The Δψm dissipation was assessed 

using the fluorescent dye 5,59,6,69-tetrachloro1,19,3,39-

tetraethylbenzimidazolylcarbocyanine iodide (JC-1)68. U87MG or GSCs were treated with 

DMSO (control), or BTC-8 and/or TMZ for 72 h or 7 days, respectively. At the end of 

treatments, mitochondria were isolated from U87MG cells and GSCs using the Mitochondria 

Isolation Kit (Sigma Aldrich, Milan, Italy) following manufacturer’s instructions. When 

indicated, isolated mitochondria were incubated directly with BTC-8 and/or TMZ for 15 min. 

Following the treatment period, 90 µl of the JWS and 10 µl (5 µg of proteins) of isolated 

mitochondria were added. Sample fluorescence (relative fluorescence units, RFU) was read in 

a fluorimeter (excitation wavelength at 490 nm and emission wavelength at 590 nm)68. 

 

RNA extraction and Real Time PCR analysis in U87MG cells and in GSCs. U87MG cells or 

GSCs were incubated with BTC-8 and/or TMZ for 72 h or 7 days, respectively. At the end of 

treatments, cells were collected, and total RNA was extracted using Rneasy® Mini Kit (Qiagen, 

Hilden, Germany). cDNA synthesis was performed with 500 ng of RNA (BioRad, Hercules, 

USA). RT-PCR reactions were prepared as reported. The nucleotide sequences, annealing 

temperature and product size of the primers have been previously reported6,30,53. PCR analyses 

using specific primer for Bax30 was used to verify the efficacy of siRNA protocol. 
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Cell cycle analysis in GSCs. U87MG or GSCs were treated with DMSO, BTC-8 (10 nM, 50 

nM or 500 nM) and/or TMZ (10 µM or 50 µM) for 72 h or 7 days, respectively. The 

measurement of the percentage of cells in the different cell phases was performed using the 

Muse™ Cell Analyzer (Merck KGaA, Darmstadt, Germany) as described previously53,68. 

  

Cellular apoptosis in U87MG cells and in GSCs. U87MG cells or GSCs were treated with 

DMSO (control), BTC-8 and/or TMZ for 72 h or 7 days, respectively. Living, apoptotic and 

dead cells were acquired and analyzed by Muse™ Cell Analyzer as described previously53,68. 

 

Caspase 3/7 activation. U87MG cells or GSCs were treated with BTC-8 (50 nM or 500 nM) 

and/or TMZ (50 µM) for 72 h or 7 days, respectively. Following treatment, cells with activated 

caspase 3/7 were acquired and analyzed by Muse™ Cell Analyzer following the manufacture’s 

protocol. 

 

Neurosphere formation assay. The ability of cells of monolayer cultures to initiate neurosphere 

formation were assessed by harvesting, washing, and resuspending monolayer cells in serum-

free NSC medium. Cells were seeded into 96-well at 2 x 104 cells/well and incubated with 

DMSO (0.5%, control), or BTC-8 (50 nM), alone or in combination with TMZ (50 µM) for 9 

days without disturbing the plates and without replenishing the medium. The number and the 

diameter of the new formed neurosphere were counted using the Image J program (version 

1.41; Bethesda, MD, USA)53. 

  

Quantitation of the occupied area and the cellular processes of neurospheres. GSCs were 

plated in complete growth medium (day 0) and treated for seven days with BTC-8 (50 nM), 

alone or in combination with TMZ (50 µM). At the end of the treatment periods, the drug-

containing media were replaced with fresh NSC medium, and the GSCs were allowed to grow 

for another 7 or 14 days. At the end of the treatment period, images were captured (15 images 

for each well), and the area occupied by neurospheres that had formed, as well as the length of 

cellular processes were quantified as described6,53. 

 

Isolation and culture of human MSCs and T lymphocytes. Human MSCs (Lonza, Milan, Italy), 
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were cultured in the specific growth medium, and maintained at 37°C in 5% CO2. Mononuclear 

cell isolation was performed as previously reported30. MSCs (5 x 103 cells/well) or 

lymphocytes were seeded and incubated for 72 h with the indicated concentrations of BTC-8 

and/or TMZ. At the end of treatments, the compound toxicity was verified using the MTS assay, 

as described above. 

 

Western blotting analysis. siRNA-treated cells or human lymphocytes were collected and 

lysed30. Cell extracts were resolved in 7.5% SDS-PAGE, using a specific antibody for Bax 

(B8429, Sigma-Aldrich, Milan, Italy). GAPDH (Glyceraldehyde-3-Phosphate Dehydrogenase, 

G9545, Sigma-Aldrich, Milan, Italy) was employed as the loading control. The ImageJ 

Software was used to perform the densitometric analysis of immunoreactive bands (ACS Chem 

Neurosci. 2017 Jan 18;8(1):100-114). 

 

Statistical analysis. Graph-Pad Prism (GraphPad Software Inc., San Diego, CA) was used for 

data analysis and graphic presentations. All data are presented as the mean ± SEM. One-way 

analysis of variance (ANOVA) with Bonferroni’s corrected t-test for post-hoc pair-wise 

comparisons was used to perform statistical analysis6,53. 
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Figure Legends 

Fig. 1. Effects of BTC-8 on U87MG cell proliferation. (A) U87MG cells were treated in 

complete medium with the indicated concentrations of BTC-8 or TMZ (50 µM) for 72 h. At 

the end of the treatment, cell proliferation was evaluated as described in the Methods section. 

The data are expressed as percentages relative to untreated cells (control), which were set at 

100% (mean ± SEM; N = 3). (B) U87MG were transfected with a siRNA random (black bars) 

or a specific siRNA for Bax (white bars), and incubated with different BTC-8 concentrations 

(10 nM-50 µM) for 48 h. Following treatment, cell proliferation was evaluated with MTS assay, 

as described in the Methods Section. The data are expressed as a percentage with respect to 

that of untreated cells (control), which was set to 100% (mean values ± SEM, N = 3). (C) 

U87MG cells were treated in complete medium with BTC-8 (500 nM) and/or TMZ (50 µM) 

for 72 h. When indicated, cells were subsequently washed-out for additional 72 h in drug-free 

medium. Following treatment, cell proliferation was evaluated as described in the Methods 

section. The data are expressed as percentages relative to untreated cells (control), which were 

set at 100% (mean ± SEM; N = 3). (D) Isobolar analysis showing the interactions between 

BTC-8 and TMZ in U87MG cells treated for 72h. The IC50 values for TMZ and BTC-8 are 

shown on the X- and Y-axis, respectively. The theoretical IC50,add values are represented by 

open points on the additivity line. The IC50,mix values are represented by solid points (proportion 

of BTC-8 and TMZ that produced a 50% effect). The significance of the differences was 

determined by one-way ANOVA and Bonferroni’s post hoc test: *P≤0.05, **P ≤ 0.01, ***P ≤ 

0.001 vs. the control; #P ≤ 0.05, ##P ≤0.01, ### P ≤ 0.001 vs. the cells treated with BTC-8 for 

72 h; §§ P ≤ 0.01, §§§ P ≤ 0.001 vs. the cells treated with TMZ for 72 h. 

 

Fig. 2. Effects of BTC-8 on U87MG cell cycle, viability and Δψm. (A) U87MG cells were 

treated for 72 h in complete medium with DMSO as control and with the indicated 

concentrations of BTC-8 (10 nM-50 µM). At the end of the treatments, cell viability was 

measured using CellTrace dye labelling, as described in the Methods section. The data are 

expressed as number of live or dead cells (mean ± SEM, N=3). (B) U87MG cells were treated 

for 72 h with DMSO (control), BTC-8 (500 nM) and/or TMZ (50 µM). At the end of the 

treatment periods, the cells were collected and the level of phosphatidylserine externalisation 

was evaluated using the Annexin V-staining protocol. The data were expressed as the 

percentage of apoptotic cells versus the total number of cells (mean ± SEM; N = 3). (C) 

U87MG cells were treated for 72 h with DMSO (control), BTC-8 (500 nM) and TMZ (50 µM), 
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and the cell cycle was analyzed. The data were expressed as percentage of cell in the different 

phases (G0/G1, G2 or S) versus total cell number (mean ± SEM; N = 3). (D) Mithocondria, 

isolated from U87MG cells, were incubated for 15 min with BTC-8. Δψm (5 µg of proteins) 

was evaluated using JC-1 protocol. The data were expressed as the variation of JC-1 uptake 

into mitochondria, which was calculated as the difference between the RFU at the beginning 

and those read after 10 min (mean ± SEM; N = 3). (E) U87MG were treated for 72 h with 

DMSO (control), or BTC-8 (500 nM) and/or TMZ (50 µM). At the end of treatments, the 

mitochondria were isolated and Δψm was evaluated as in (C). (E) U87MG were treated for 72 

h with DMSO (control), BTC-8 (500 nM) and/or TMZ (50 µM). At the end of treatments, the 

level of caspase 3/7 activation was evaluated as described in the Methods section. The data 

were expressed as the percentage of caspase positive cells versus the total number of cells, and 

are the mean ± SEM of three different experiments. *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 vs. 

the control; §§ P ≤ 0.01, §§§ P ≤ 0.001 vs. the cells treated with TMZ for 72 h; # P ≤ 0.05, ### 

P ≤ 0.001 vs. the cells treated with BTC-8 for 72 h. 

 

Fig. 3. Effects of BTC-8 and TMZ co-treatment on ANGM-CSS, T98G and U343MG cell 

proliferation. (A) ANGM-CSS (B) U343MG or (C) T98G cells were treated in complete 

medium with the indicated concentrations of BTC-8 (500 nM-50 µM), and/or TMZ (50 µM) 

for 72 h. At the end of treatment, cell proliferation was measured by MTS assay. The data are 

expressed as percentages relative to untreated cells (control), which were set at 100%, and 

represent the mean ± SEM of three independent experiments, each performed in triplicate. (D, 

E) The total RNA was extracted from U87MG cells (control), U343MG, T98G and ANGM-

CSS cells. The relative mRNA quantification of the markers Bax, Bcl-2 and Bcl-XL (D) and 

the bax/Bcl-2 ratio (E) was performed by Real-time PCR, as described in the Methods section. 

The data were expressed as the fold change relative to the level of expression in U87MG cells, 

and they are the mean values ± SEM of two different experiments. The significance of the 

differences was determined by one-way ANOVA and Bonferroni’s post hoc test: *P≤ 0.05, 

**P≤ 0.01, ***P ≤ 0.001 vs. the control; § P ≤ 0.05, §§§ P ≤ 0.001 vs. the cells treated with 

TMZ for 72 h; # P ≤ 0.05, ## P ≤ 0.01, ### P ≤ 0.001 vs. the cells treated with BTC-8 for 72 h.  

 

Fig. 4. Effects of BTC-8 on U87MG-derived GSC proliferation. (A) GSCs isolated from 

U87MG were incubated with different concentrations of BTC-8 (0,1 nM-50 µM) for seven 

days. (B) U87MG and GSCs were collected and Bax mRNA was quantified by real time PCR 

analysis. (C) GSCs were treated in complete medium with BTC-8 (50 nM) and/or TMZ (50 
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µM) for seven days. When indicated, cells were subsequently washed-out for additional seven 

days in drug-free medium. At the end of treatment, cell proliferation was measured by MTS 

assay. ***P ≤ 0.001 vs. the control; §§ P ≤ 0.01, §§§ P ≤ 0.001 vs. the cells treated with TMZ 

for 72 h; ### P ≤ 0.001 vs. the cells treated with BTC-8 for 72 h.  

 

Fig. 5. Effect of BTC-8 on the sphere-derived cell morphology and on the formation of 

U87MG-derived GSCs. (A) The GSCs were treated with complete NSC medium containing 

DMSO (control) or the indicated concentrations of BTC-8 and /or TMZ for 7 days. (A) 

Representative cell micrographs after 7 days of treatment were shown. (B) The number of the 

culture plates occupied by the spheres and (C) the area of neurospheres were scored after 7 

days of treatment. The counts represent the mean values ± SEM of three independent 

experiments (D) U87MG were incubated with DMSO, BTC-8 and/or TMZ in a defined serum-

free NSC medium for 9 days. Representative pictures of the cells after 9 days of incubation 

were shown. The mean diameter of the new formed spheres (E) and the number (F) were scored 

using the ImageJ program. The data represent the means ± SEM of three pictures from two 

independent experiments. *P≤0,05, ***P ≤ 0.001 vs. the control or DMSO. §§ P ≤ 0.01, §§§ P 

≤ 0.001 vs. the cells treated with TMZ for 7 days; ##P≤0.05, ### P ≤ 0.001 vs. the cells treated 

with BTC-8 for 7 days. 

 

Fig. 6. Effects of BTC-8 on U87MG-derived GSC cycle, viability and Δψm. (A) GSCs were 

treated for 72 h with DMSO (control), BTC-8 (50 nM) and TMZ (50 µM), and the cell cycle 

was analyzed. The data were expressed as percentage of cell in the different phases (G0/G1, 

G2 or S) versus total cell number (mean ± SEM; N = 3). (B) GSCs were treated for seven days 

as in (A). At the end of the treatment periods, the cells were collected and the level of 

phosphatidylserine externalisation was evaluated using the Annexin V-staining protocol. The 

data were expressed as the percentage of apoptotic cells versus the total number of cells, (mean 

± SEM; N = 3). (C) GSCs were treated for seven days with DMSO (control), or BTC-8 (50 

nM) and/or TMZ (50 µM). At the end of treatments, the mitochondria were isolated and the 

Δψm (5 µg of proteins) was evaluated using JC-1 protocol. The data were expressed as the 

variation of JC-1 uptake into mitochondria (mean ± SEM; N = 3). (D) The cells were treated 

as in (A). At the end of the treatment periods, the cells were collected and the level of caspase 

3/7 activation was evaluated as described in the Methods section (mean ± SEM; N = 3). *P ≤ 

0.05, **P ≤ 0.01, ***P ≤ 0.001 vs. the control; §§§ P ≤ 0.001 vs. the cells treated with TMZ 
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for 7 days; ### P ≤ 0.001 vs. the cells treated with BTC-8 for 7 days. 

 

Fig. 7. Effects of BTC-8 on HIF- modulation in U87MG cells and in U87MG-derived GSCs. 

(A) U87MG cells were treated with BTC-8 (500 nM) and TMZ (50 µM), alone or in 

combination. At the end of the treatment periods, real Time RT-PCR analysis of HIF- was 

performed. The data were expressed as the fold change vs. the levels of the control, which were 

set to 1, and are the mean values ± SEM of three different experiments. The significance of the 

differences was determined by one-way ANOVA and Bonferroni’s post hoc test: *P ≤ 0.05, 

***P ≤ 0.001 vs. the control. (B) GSCs were treated with BTC-8 (50 nM) and/or TMZ (50 

µM). Real Time RT-PCR analysis of HIF- was performed. (C) Real time analysis of HIF- 

was performed in U87MG cells and in U87MG-derived GSCs. *P≤ 0.05, **P ≤ 0.01, ***P ≤ 

0.001 vs. the control; §§ P ≤ 0.01 vs. the cells treated with TMZ for 7 days; ### P ≤ 0.001 vs. 

the cells treated with BTC-8 for 7 days.  

 

Fig. 8. Effects of BTC-8 on the proliferation of GSCs, isolated from different GBM cell lines, 

and of normal cells. (A-C) Neurospheres derived from ANGM-CSS (A), U343MG (B) or T98G 

(C) cells were incubated with the indicated concentrations of BTC-8 (500 nM-50 µM) or TMZ 

(50 µM), alone or in combination, for seven days. At the end of treatment, cell proliferation 

was evaluated as described in the Methods Section. The data are expressed as a percentage with 

respect to that of untreated cells (control), which was set to 100% (mean values ± SEM, N = 

3). (D) Human MSCs or lymphocytes were treated with DMSO or the indicated concentrations 

of BTC-8 and/or TMZ for 72 h. Cell viability was determined by MTS assay.*P ≤ 0.05, **P ≤ 

0.01, ***P ≤ 0.001 vs. control cells; §§ P ≤ 0.01 vs. the cells treated with TMZ for 7 days; # P 

≤0.05, ### P ≤0.001 vs cells treated with BTC-8. 
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