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Figure 7: Levels of p53/MDM2 complex in U87MG whole cells. U87MG cells were treated with DMSO (control), 1 µΜ EB148 
or 1 µΜ EB54 for 8 h; when indicated, cells were washed-out for 12-24 h to remove the drugs. At the end of the treatments, the cells were 
collected and lysed; the quantification of p53/MDM2 complexes in U87MG cells was assessed by the ELISA method as described above. 
Data are expressed as percentage of control set to 100%, and represent the mean ± SEM of three independent experiments. The significance 
of the differences was determined with a one-way ANOVA with a Bonferroni post-test: * p<0.05, ** p<0.01, *** p<0.001 vs. control; # 
p<0.05, ### p<0.001 vs. cells treated for 8 h.

Figure 8: Effects of the MDM2 inhibitors on the reactivation of p53 pathway. U87MG cells were treated with DMSO 
(control), or 1 µΜ EB148 or 1 µΜ EB54 for 8 h A., 16 h B., or 24 h C. Aliquots of cells, after treatment with the compounds for 16 h, were 
washed-out for additional 16 h in drug-free medium D. At the end of the treatment period, the relative mRNA quantification of p53 target 
genes (p53, p21 and MDM2) was performed by real-time RT-PCR as described in the Methods section. The data are the mean values ± SEM 
of three different experiments, each performed in duplicate. The significance of the differences was determined with a one-way ANOVA 
with a Bonferroni post-test: * p<0.05, ** p<0.01, *** p<0.001 vs. control.
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Figure 9: Effects of the MDM2 inhibitors on p53 protein accumulation. U87MG cells were treated with DMSO (control), or 1 
µM EB148 or 1 µΜ EB54 for 16 h, followed by a wash-out period of an additional 16 h. At the end of the treatment, p53 protein levels were 
evaluated by western blotting analysis using GAPDH as the loading control. A. Representative western blots. B. Densitometric analysis of 
the immunoreactive bands performed using the ImageJ program. The data were expressed as the percentage relative to control, and they are 
the mean values ± SEM of three different experiments. The significance of the differences was evaluated using a one-way ANOVA with the 
Bonferroni post-test: *p<0.05, **p<0.01 vs. control.

Figure 10: ERK phosphorylation and levels of ERK/MDM2 complex in U87MG cells. A. U87MG cells were treated with 
DMSO (control), 1 µΜ EB148 or 1 µΜ EB54 for the indicated times; in some experiments, after 2 h of treatment the medium was replaced 
by fresh medium not containing drugs for an additional 2 h. At the end of the treatment period the levels of ERK 1/2 phosphorylation were 
evaluated using ELISA kits, as described in the Methods section. The data are expressed as the percentage of phosphorylated ERK1/2 
versus untreated cells (control), which were set at 100%. Data are the mean values ± SEM of three independent experiments performed 
in triplicate. Analysis of significant differences in mean ERK/MDM2 complex levels was performed using one-way ANOVA with a 
Bonferroni post-test: * p< 0.05, ** p< 0.01, *** p<0.001 vs. control. B. U87MG cells were treated for 30 min with DMSO (control) or the 
p53 inhibitor, pifithrin-β (1 µΜ); subsequently, cells were incubated with DMSO, EB148 or EB54 1 µM for 2 h. At the end of the treatment 
periods, the levels of ERK 1/2 phosphorylation were evaluated using ELISA kit, as in A. The significance of differences was performed 
using one-way ANOVA with a Bonferroni post-test: * p< 0.05 vs. control; #p<0,05 vs. cells not treated with the p53 inhibitor. C. U87MG 
cells were treated with DMSO (control), 1 µΜ EB148 or 1 µΜ EB54 for the indicated times; in some experiments, after 8 h of treatment, 
the medium was replaced by fresh medium not containing drugs for an additional 24 h. At the end of the treatment period, U87MG cells 
were collected and suspended in lysis buffer. Equal amounts of cell lysates were captured on wells pre-coated with MDM2 antibody. After 
extensive washing, the levels of the ERK/MDM2 complex were quantified using an antibody specific for ERKs, and subsequently an HRP-
conjugated antibody and a TMB substrate kit. Data are expressed as percentage of control set to 100%, and represent the mean ± SEM of 
three independent experiments. The significance of the differences was determined with a one-way ANOVA with Bonferroni post-test: * 
p<0.05, ** p<0.01, *** p<0.001 vs. control.
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EB148 inhibited GBM cell proliferation over time 
and triggered apoptosis

The effects of the compounds on cell viability 
and proliferation were then examined. Cell treatment 
with EB54 or EB148 for 72 h induced a concentration-
dependent reduction in cell proliferation, yielding IC50 
values of 177 ± 15 nM and 91.6 ± 8.9 nM, respectively 
(Figure 11A). Moreover, both compounds reduced the 
total number of living cells, showing a maximal effect at 
100 µM concentration (Figure 11B). 

To assess whether U87MG cells could resume 
growing after inhibitor removal, culture medium was 
replaced with fresh medium not containing drugs and 
cell proliferation was monitored 72 h after cell wash-

out. After EB148 cell treatment and subsequent removal, 
the inhibition of cell proliferation was maintained, thus 
suggesting the inability of the cells to restart proliferation. 
In contrast, a significant recovery in proliferative activity 
was detected when cells were pre-treated with the 
reversible compound EB54 (Figure 11C). These results 
suggest that the drug-target residence time plays a crucial 
role in the control of cell proliferation over-time.

To determine toxicity in non-tumour cells, the 
effects of EB148 and EB54 were examined on normal 
mesenchymal Stem Cells (MSCs) isolated from human 
bone marrow. Of note, the MSC viability of non-cancer 
cells was significantly decreased after 72 h of incubation 
with EB54 at 10 µM (Suppl. Figure 1). However, 
the percentages of cell proliferation reduction were 
significantly lower than those observed in U87MG cells, 

Figure 11: Effects of the MDM2 inhibitors on U87MG cell proliferation/viability. A. U87MG cells were treated in complete 
medium with the indicated concentrations of EB148 or EB54 for 72 h. At the end of treatment, cell proliferation was measured using the 
MTS assay. The data are expressed as a percentage versus untreated cells (control), which was set to 100%, and are the mean values ± 
SEM of three independent experiments, each performed in duplicate. Curves were generated using a sigmoidal dose-response curve model 
(GraphPad Prism 5 software) from which the IC50 values were derived. B. U87MG cells were treated as in A; live and dead cells were then 
estimated using the trypan blue exclusion test. The data are expressed as number of living or dead cells per well and are the mean values 
± SEM of two independent experiments, each performed in triplicate. * p<0.05, ** p<0.01, *** p<0.001 vs. control live cells; #p<0.05 vs. 
control dead cells. C. U87MG cells were treated with the indicated concentrations of EB148 or EB54 for 72 h, and then, the medium was 
replaced with drug-free fresh medium for additional 72 h. At the end of the treatment period, cell viability was measured using the MTS 
assay. The data are expressed as a percentage versus untreated cells (control), which was set to 100% and are the mean values ± SEM of 
three independent experiments, each performed in duplicate. The significance of the differences was determined with a one-way ANOVA 
with a Bonferroni post-test: *** p<0.001 vs. control; #p<0.05 vs. cells treated for 72 h.


