
Abstract. Background/Aim: Medulloblastoma (MB)
accounts for ~20% of pediatric malignant central nervous
system tumors. Treatment strategies, including surgery,
radiation therapy and/or chemotherapy, are effective, but
recurrence and metastasis frequently occur. Therefore, novel
therapies are required. Herein, the effects of fibroblast
growth factor receptor (FGFR) and phosphoinositide 3-
kinase (PI3K) inhibitors on MB cells lines were evaluated.
Materials and Methods: ΜΒ cell lines (UW228-3, DAOY,
Med8a, D425, D283) were tested for sensitivity to FGFR
(AZD4547) and PI3K (BEZ235 and BYL719) inhibitors by
viability, cytotoxicity, apoptosis, and proliferation assays.
Results: Single treatments with FGFR and PI3K inhibitors
decreased viability and proliferation in a dose-dependent
pattern in most cell lines. Combinination of the two type of
drugs, increased sensitivity, especially of the most resistant
cell line UW228-3. Conclusion: Combination treatments
with FGFR and PI3K inhibitors were superior to single
treatments with FGFR and PI3K inhibitors, especially with
BEZ235, for MB cell lines. 

Cancer is a leading cause of death for children and
adolescents around the world and approximately 300,000
children aged 0 to 19 years old are diagnosed with cancer
each year (1). Although leukaemia is the most common
cancer in childhood (30% of paediatric malignancies), brain
and central nervous system (CNS) tumors are the most
frequent among the solid tumors (20% of childhood cancers)
(2). Medulloblastomas (MBs), which are the main focus of
the current study, are among the most common malignant
brain tumors, accounting for 16-25% of all CNS tumors in
children, and usually arise in the cerebellum (3-6). According
to recent advances in genomics, gene expression profiling,
and epigenomics, MBs are divided into at least four
subgroups: Wingles/Integrated (WNT), Sonic Hedgehog
(SHH), Group 3 and Group 4 (7-9). The largest subgroups
are: Group 4 and SHH-activated MB, which account for
~35% and 30% of tumors respectively, and they both have
intermediate prognosis. Group 3 tumors are found in 25%
cases and have the worst prognosis, while WNT comprises
10% of MB tumors and has the best prognosis (7, 10, 11). 

The current treatment of MBs consists of removal of the
tumor by surgery, radiation therapy (X-rays or protons) and
chemotherapy (12). Despite this multipronged approach to
therapy, approximately 30% of patients still die from the
disease, and survivors suffer from severe long-term side effects,
including neurological deficits, endocrine disorders, and
secondary cancers (13). Therefore, novel combination therapies,
ideally with fewer side effects, are needed. In this context, the
present study focuses on the fibroblast growth factor receptor
(FGFR) and its downstream phosphatidylinositol 3-kinase
(PI3K) pathways, which both could be potential targets for
future treatment strategies for MB.  

FGFRs are a family of receptor tyrosine kinases expressed
on the cell membrane, and are crucial during development, as
well as in adult cells. Their dysregulation has been implicated
in a wide variety of cancers, such as urothelial carcinoma,
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hepatocellular carcinoma, ovarian cancer and lung
adenocarcinoma (14). Moreover, Bourdeaut et al. have reported
two cases in which germline mutations in FGFRs (FGFR2 and
FGFR3) and craniosynostosis were associated with MB (15).
In addition, in a study investigating the transcriptomic changes
in MB, FGFR3 was found among the genes associated with
treatment failure in MB patients (16). Furthermore, a study on
ependymomas and pilocytic astrocytomas showed increased
expression of FGFR1 and FGFR3 in aggressive ependymomas
(17). Early phase clinical trials have been conducted with
FGFR3-directed targeted therapies for glioblastoma multiforme,
transitional cell carcinoma, and multiple myeloma carrying
mutated FGFR3 (Clinical Trials. gov Identifier: NCT01975701,
NCT02278978, NCT02401542, NCT02052778) indicating the
potential of such therapies for other cancers. Nevertheless, for
childhood cancer, knowledge of FGFR protein family is still
limited, and new therapeutic targets are urgently needed. 

PI3K is frequently altered in cancer (18, 19) and has been
studied  in more detail in childhood cancer. Gene
amplifications or mutations of the PIK3CA gene have been
identified in numerous solid tumors, as well as in MB (20-
27). Previous studies on MBs have shown that PI3K
inhibitors alone, or combined with chemotherapy could
potentially be used for MB treatment (13, 28, 29).

Notably, we have recently shown that FGFR and PI3K
inhibitors, especially in combination, efficiently decrease
viability and proliferaton of childhood neuroblastoma (NB) cell
lines (30). Hence, more information on the sensitivity of MBs
to FGFR and PI3K inhibitors could be of great importance. In
the current study, we have therefore tested a number MB cell
lines for their sensitivity to FGFR (AZD4547) and PI3K
(BEZ235 and BYL719) inhibitors alone.  

Materials and Methods
Tumor cell lines and culture conditions. The MB cell lines DAOY
(Group SHH) and D283 (inbetween Group 3 and 4) were purchased
from ATCC (LGC Standards, Middlesex, UK), while the D425 and
Med8a (both Group 3), and UW228-3 (group SHH) MB cell lines were
kindly provided by Prof. M. Nistér (Karolinska Institutet). According
to the Cancer Depencency Map portal (https://depmap.org/portal/),
none of the included cell lines had any FGFR3 mutations, while DAOY
had an in-frame deletion in the PIK3R1 gene. Furthermore, it has been
documented that D425 (31) and Med8a (32) have Myc amplifications
as all cell lines in Group 3 (6). DAOY cells were cultured in minimum
essential media (MEM) and UW228-3 in Dulbecco’s modified Eagle
medium:nutrient mixture F-12 (DMEM/F-12). D283 and Med8a were
cultured in DMEM/F-12 with GlutaMAX, while D425 was cultured in
50% Richer’s improved MEM with zinc and 50% DMEM. Cells were
maintained in media supplemented with 10% fetal bovine serum (FBS),
1% L-glutamine, 100 U/ml  penicillin, and 100 μg/ml streptomycin at
37˚C in a humidified incubator with 5% CO2. All media and FBS were
obtained from Gibco, Waltham, MA, USA.

Cell seeding and drug treatment. The two adherent cell lines, DAOY
and UW228-3, were seeded in 96-well plates, at concentrations of

2.5×103 and of 5×103 cells/90 μl medium/well, respectively, for the
viability assay and 5×103 cells/200 μl medium/well for all other
assays. The peripheral wells of the plates were filled with medium to
avoid edge effects. The D425, D283 and Med8a cell lines, all growing
in suspension, were seeded at a concentration of 104 cells/90 μl
medium/well for the viability assay, and 2×104 cells/200 μl/well for
the proliferation, apoptosis, and cytotoxicity assays. Penicillin and
streptomycin were excluded in the media in the different assays to
avoid any interference with the drugs.

Dactolisib (BEZ235, NVP-BEZ235) and Alpelisib (BYL719),
which were used as PI3K inhibitors, and AZD4547, used as FGFR
inhibitor, were purchased from Selleckhem Chemicals (Munich,
Germany). Stock solutions of the drugs were diluted in DMSO, and
were furthrer diluted in PBS before use. The range of concentrations
for BYL719 were 0.25-100 μM, for BEZ235, 0.25-5.0 μM, and for
AZD4547, 5.0-50 μM. The inhibitors were added in the culture 24
h after cell seeding. Subsequently, the cells were incubated for 24,
48, 72, or 96 h to investigate cell viability, cytotoxicity, apoptosis
and proliferation. All the experiments were repeated at least three
times. Standard deviation values were provided for the cell viability
and proliferation data. For cytotoxicity and apoptosis assays only
representative figures are presented, since the aim was to view
whether cytotoxicity and/or apoptosis occurred.

WST-1 viability assay. Viability was measured using the WST-1
assay (Roche Diagnostics, Mannheim, Germany) following the
protocol described previously in more detail (30). 

Proliferation assay. For the proliferation assay, the cells were seeded
in 96-well plates as described above. The plates were placed into the
IncuCyte S3 Live® Cell Analysis System (Essen Bioscience, Welwyn
Garden City, UK) for 24 h and were scanned every 2 h. Twenty-four
hours after cell seeding, the appropriate drugs or PBS (for control cells)
were added. The incubation as well as cell scanning were continued for 
72 h. Cell proliferation was determined by image analysis, measuring
the confluence of the cells. 

Cytotoxicity and apoptosis assay. The cytotoxicity and apoptosis
assays were simultaneously performed using the Incucyte™ Cytotox
Red Reagent (Essen Bioscience) and the IncuCyte Caspase-3/7 Green
Apoptosis Assay Reagent (Essen Bioscience), respectively. The red
fluorescent reagent enters the damaged plasma membrane and binds
to DNA. Briefly, cells were seeded in 96-well plate as described
above and were incubated for 24 h in the IncuCyte S3 Live® Cell
Analysis System (Essen Bioscience). Cell images were captured every
2 h. For the adherent cells, the medium was discarded and replaced
with fresh containing the IncuCyte Cytotox Red reagent at a final
concentration of 250 nM and the IncuCyte Caspase-3/7 Green
Apoptosis reagent at a ratio of 1:1,000. For the suspension cells, half
of the medium was carefully replaced with fresh containing the two
reagents. Subsequently, the PI3K and FGFR inhibitors were added,
either alone or in combination, and PBS was added as a negative
control; incubation and scanning were continued for 48 h. Dead cells
were quantified by counting the red nuclei, while apoptotic cells were
automatically visualized and quantified by measuring green
fluorescence using the IncuCyte analysis software .

Statistical analysis. To determine the effects of single or
combination treatments, a multiple t-test accompanied by a
correction for multiple comparison of the means conferring to the
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Figure 1. WST-1 viability assays after single treatment of FGFR and PI3K inhibitors on five MB cell lines. Viability analysis measured as
absorbance, after treatment for 24, 48 and 72 h with the FGFR inhibitor AZD4547 (A-E); and the PI3K inhibitors BEZ235 (F-J) and BYL719
(K-O), on DAOY, UW228-3, Med8a, D425 and D283, respectively. The graphs represent mean values±standard deviation (SD) from three
experimental runs per cell line.



Holm-Sidak method was performed as previously described in detail
(30). To evaluate the combined effects of the drugs, the effect-based
approach ‘Highest Single Agent’ and the dose-effect-based approach
‘median-effect method’ (based on Loewe Additivity) were used
(33). A combination index (CI) was calculated as previously
described; a CI of <1 was considered a positive and a CI of >1 a
negative combinational effect (30). Additionally, the combined
effects were analyzed using the median-effect method of Chou
(Chou-Talalay method) as previoiusly described (30, 34). In short,
dose-response curves were fitted to a linear model using the
median-effect equation, leading to calculation of a median-effect
value D (equivalent to IC50) and slope, also described in detail
previously (30). Goodness-of-fit was assessed with the linear
correlation coefficient, r; and an r>0.85 was required for a
successful analysis. The degree of drug interaction was ranked using
the CI for mutually exclusive drugs, with  CI<0.70 defined as
synergy, CI<1.45 as antagonism, and values in between as additive
effects. One-way ANOVA with the Bonferroni post-hoc test was
used to examine differences in means between the single two drugs
and the combination treatment, p<0.05 was considered significant.

Results

Single treatments with FGFR and PI3K inhibitors decreased
viability of MB cell lines DAOY, UW228-3, Med8a, D425,
and D283 in a dose dependent manner. WST-1 viability
assays were performed 24, 48, and 72 h after the treatment
of DAOY, UW228-3, Med8a, D425, and D283 cell lines
with FGFR and PI3K inhibitors alone. All drugs exerted
dose-dependent effects on viability; however, the MB lines
differed in sensitivity. Viability results are described in detail
below; data including are shown in Figure 1, and compiled
information is presented in Table I.

AZD4547. All MB cell lines exhibited a ≥50% decrease in
viability after treatment with 50 μM AZD4547 at 24, 48 and 72
h; the decreases in viability for all cell lines were all significant
compared to the PBS-treated controls (at least p<0.001; Figure
1A-E). Likewise, all cell lines except UW228-3, exhibited a
≥50% decrease in viability after treatment with 25 μM
AZD4547 at 24, 48, and 72 h, and had significant decreases
compared to the PBS-treated controls (at least p<0.05; Figure
1A-E). This was also the case for DAOY, Med8a, and D425
cells after treatment with 10 μM AZD4547 at all time points,
and for D283 cells at 48 and 72 h as compared to the PBS-
treated controls (at least p<0.05; Figure 1A-E). 

BEZ235. Treatment with 5 μM BEZ235 induced a ≥50%
decrease in cell viability in all MB cell lines at all time
points, except for UW228-3, in which a ≥50% decrease was
induced 48 and 72 h after treatment; the decreases were all
significant compared to the PBS-treated controls (at least
p<0.05; Figure 1F-J). All cell lines, except UW228-3, also
showed a ≥50% decrease in viability, after treatment with
0.5-1 μM BEZ235 after 48 and 72 h and the decreases were

significant compared to the PBS-treated controls (at least
p<0.05) (Figure 1F). This was also the case for DAOY and
D425 cells treated with 0.25 μM BEZ235 at all time points
(at least p<0.0001; Figure 1F and I).  

BYL719. BYL719 was relatively less potent than BEZ235 at
the concentrations used; however, BYL719 at 100 μM induced
a ≥50% decrease in viability as well as significant decreases at
all time points in all MB cell lines, compared to the PBS-
treated controls (at least p<0.01; Figure 1K-O). Treatment with
20 μM BYL719 also resulted in  ≥50% decrease of viability in
all cell lines, except UW228-3; specifically, it induced
significant decreases in DAOY, Med8a, and D425 cells at all
time points, while in  D283 cells only at 48 and 72 h, compared
to the PBS-treated controls (at least p<0.05; Figure 1K-O).  

IC50 values from effect-concentration curves for BEZ235,
BYL719 and AZD4547. To better evaluate the sensitivity of the
different cell lines, IC50 values for all cell lines were calculated
and are presented in Table I. The mean logIC50 value for
BEZ235 was significanly lower than the mean logIC50 values
of both BYL719 and AZD4547, for all the tested cell lines
(BYL719 vs. AZD4547 24 h p=0.0051, 48 h p<0.001 and 72
h p=0.0015; BEZ235 vs. BYL719 24 h p=0.016, 48 h p=0.024,
and 72 h p=0.041). The data also indicated that D425 was the
most sensitive cell line and UW228-3 was the most resistant
cell line to treatment with AZD4547, with the other cell lines
had intermediate sensitivity. For BEZ235 and BYL719, the
IC50 values indicated that UW228-3 cell line was the least
sensitive, with all other cell lines having more intermediate
sensitivities and BEZ235 being more efficient than BYL719
(Table I). To limit the number of cell lines used, assays on
cytoxocity, apoptosis and proliferation were therefore not
further pursued on D283 cells.

Cytotoxicity analysis on the MB cell lines DAOY, UW228-3,
Med8a, and D425, following single treatment with FGFR and
PI3K inhibitors indicated that only AZD4547 induced
considerable cytotoxicity. The cytotoxic effect of treatment with
AZD4547 (FGFR inhibitor), BEZ235, and BYL719 (both PI3K
inhibitors) on the MB cell lines DAOY, UW228-3, Med8a, and
D425 was evaluated by the IncuCyte Red Cytotoxicity reagent
assay. Treatment with 25 μM AZD4547 induced cell
cytotoxicity on DAOY, Med8a and D425, but had no cytotxic
effect on UW228-3 cells (Figure 2A-D). Some cytotoxicity was
also noted after treatment with 10 μM AZD4547 in Med8a and
D425 cells (Figure 2C and D). BEZ235 and BYL719 did not
induce marked cytotoxicity on any of the cell lines in
comparison to the PBS-treated controls, or to AZD4547-treated
cells (Figure 2E-H and I-L, respectively).  

Apoptosis analysis on MB cell lines DAOY, UW228-3, Med8a,
and D425, following single treatment with FGFR or PI3K
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inhibitors indicated that only AZD4547 induced apoptosis.
Treatment with the FGFR inhibitor AZD4547 at 25 μM, but
not at lower concentrations, induced apoptosis in DAOY,
Med8a, and D425 cell lines, and not in UW228-3 (Figure 3A-
D). Treatments with lower AZD4547 concentrations as well
as with BEZ235 and BYL719 did not induce prominent
cytotoxicicty (Figure 3).  

Proliferation assays on MB cell lines DAOY, UW228-3,
Med8a, and D425 indicated sensitivity to high doses of
single treatments with FGFR inhibitor AZD4547 and PI3K
inhibitors BEZ235  and BYL719. All the tested MB cell lines
showed a complete or near-complete inhibition of
proliferation after treatment with 25 μM AZD4547 (DAOY:
p=0.004, UW228-3: p=0.0001, Med8a: p=0.023, D425:
p=0.05; all after 72 h) (Figure 4A-D). Treatment with 10 μM

AZD4547, also induced cell growth inhibition, however,
only in Med8a (p=0.029, at 72h) (Figure 4C).  

Treatment with 5 μM BEZ235 showed a tendency for
growth inhibition in all MB cell lines with statistical
significance only in the D425 cell line (p=0.001, at 72h)
(Figure 4E-H). D425 cell growth was also inhibited
significantly after treatment with 1 μM BEZ235 (p=0.0002,
at 72h), while 1 and 0.5 μM BEZ235 had the same effect
only in D425 cells (p=0.001, at 72h) (Figure 4E-H). Finally,
regarding treatment with BYL719, cell growth of all the
tested MB cell lines was inhibited after treatment with 100
μM of the drug (DAOY: p=0.006, UW228-3: p=0.003,
Med8a: p=0.05, D425: p=0.04; all at 72h) (Figure 4I-J).

Treatment of with AZD4547 and BEZ235 or BYL719 combined
enhanced inhibition of viability in most of the MB cell lines. All
the tested AZD4547 and BEZ235 combinations induced a ≥50%
decrease in viability of DAOY and D425 cells at all time points
as well as significant decreases when compared to PBS-treated
controls (at least p<0.01; Figure 5A and D). A ≥50% decrease in
viability and significant decreases in viability were also noted in
UW228-3, Med8a and D283, 48 and 72 h after treatment with
almost all AZD4547 and BEZ235 combinations, compared to
PBS-treated controls (at least p<0.05; Figure 5B, C and E). 

AZD4547 and BYL719 combinations also induced higher
viability decreases compared to single treatments, but were
here less efficient than AZD4547 and BEZ235. Combination
treatments with 25 μM AZD4547 and 1.0 μM BYL719, as
well as with 10 μM AZD4547 and 20 μM BYL719 induced
≥50% decrease in DAOY, Med8a, D425 and D283 cells,
compared to PBS-treated controls, at all time points (at least
p<0.05; Figure 5F-J). Likewise, for UW228-3 cells, a ≥50%
decrease in viability and significant decreases compared to
PBS controls were observed for the 25 μM AZD4547 and
1.0 μM BYL719 combination, at all time points, and for the
10 μM AZD4547 and 20 μM BYL719 combination at 48 and
72h (at least p<0.0001; Figure 5G). 

To further evaluate possible synergism, additive effects or
antagonism between the two drug combinations, two different
methods were used: the effect-based Highest Single Agent
approach and dose-effect-based median-effect principle. CIs
from both approaches assessing combinational effects at 24 h
are displayed in Figure 6. The majority of the tested
combinations with AZD4547 were rated as positive by the
Highest Single Agent approach (combined with BYL719:
18/25; combined with BEZ235 19/25 tested combinations,
Figure 6A and B). Similarly, according to the median-effect
principle, the majority of combinations with AZD4547 had an
either additive or synergistic combinational effect (combined
with BYL719: 18/25; combined with BEZ235 13/15 tested
combinations could be evaluated having additive/synergistic
effects) (Figure 6C and D). Furthermore, in the resistant cell
line UW228-3, a significantly improved effect of the
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Table I. WST 1 viability analysis following treatment with the fibroblast
growth factor receptor (FGFR) inhibitor, AZD4547, and the
phosphoinositide 3-kinase (PI3K) inhibitors, BEZ235 and BYL719 for
24, 48, and 72 h. 

                                                                                IC50 (μΜ)

Cell lines                 Drugs                       24 h            48 h             72 h

D283             FGFR        AZD4547         11.8             2.77             2.23
                      PI3K          BEZ235            2.09           0.404           0.336
                                        BYL719            7.90           1.49             6.79

D425             FGFR        AZD4547           5.61           3.38             2.74
                      PI3K          BEZ235            0.279       <0.250a       <0.250a
                                        BYL719            5.86           6.18             0.961

DAOY          FGFR        AZD4547           5.46           2.18             4.61
                      PI3K          BEZ235          <0.250a     <0.250a       <0.250a
                                        BYL719            6.97         10.2             18.6

Med8a           FGFR        AZD4547           4.81           4.30             5.42
                      PI3K          BEZ235            0.763       <0.250a          0.351
                                        BYL719            3.62           0.960           0.974

UW228-3      FGFR        AZD4547         30.5           30.5             29.4
                      PI3K          BEZ235          >5.00           3.86             0.938
                                        BYL719          32.9           38.3             24.9

The IC50 (inhibitory concentration 50%) for each cell line for each drug
was determined from log concentrations-effect curves in GraphPad Prism
using non-linear regression analysis. FGFR, Fibroblast growth factor
receptor; PI3K, phosphatidylinositol 3-kinase. aThe IC50 value could not
be determined; lowest/highest tested concentration closest to the IC50 is
reported. The mean log IC50 value for BEZ235 was significantly lower
than for the mean log IC50 values for both BYL719 and AZD4547 in all
the investigated cell lines at all three time points (one-way ANOVA with
Bonferroni post test; BYL719 vs. AZD4547 24 h p=0.0051, 48 h
p<0.001 and 72 h p=0.0015, BEZ235 vs. BYL719 24 h p=0.016, 48 h
p=0.024, and 72 h p=0.041). The mean log IC50 between AZD4547 and
BYL719 did not differ significantly at any time point.  



combinations of AZD4547 and BEZ235 compared to single
drug treatment was observed after 48 h in 4 out of 5 tested
combinations (AZD4547 5 μΜ and BEZ235 0.25 μΜ vs.
AZD4547 5μM p<0.0001 and vs. BEZ235 0.25 μM p=0.094;
AZD4547 10 μΜ and BEZ235 0.5 μΜ vs. AZD4547 10 μM
p=0.0004 and vs. BEZ235 0.5 μM p=0.0052; AZD4547 10
μΜ and BEZ235 1 μΜ vs. AZD4547 10 μM p<0.0001 and
vs. BEZ235 1 μM p=0.0047; AZD4547 25 μM and BEZ235
1 μΜ vs. AZD4547 25 μM p=0.0001 and vs. BEZ235 1 μM
p=0.0017; AZD4547 5 μΜ and BEZ235 5 μΜ vs. AZD4547
5μM p<0.0001 and vs. BEZ235 5 μM p=0.016; Figure 6E-I). 

Combination treatment of MB cell lines with FGFR and PI3K
inhibitors did not enhance cytotoxicity compared to single
treatments with AZD4547. The combined use of 25 μM
AZD4547 and 1 μM BEZ235 as well as 25 μM AZD4547 and
1 μM BYL719 resulted in a similar cytotoxicity, as the use of
25 μM AZD4547 alone in DAOY, Med8a and D425 cells,
while no increase was observed in UW228-3 cells (Figure 7).  

Treatment of DAOY, UW228-3, Med8a, and D425 cell lines
with FGFR and PI3K inhibitors in combination did not alter
apoptosis compared to single treatment with AZD4547.
Combined treatment with 25 μM AZD4547 ans 1 μM
BEZ235, or 25 μM AZD4547  and 1 μM BYL719 resulted
in an apoptosis pattern similar to that induced by 25 μM
AZD4547 alone for DAOY, Med8a and D425, with no
increase observed for UW228-3 (Figure 8). 

Treatment of DAOY, UW228-3, Med8a, and D425 cell lines
with FGFR and PI3K inhibitors combined showed enhanced
inhibition of proliferation as compared to single treatments.
The combination of 25 μM AZD4547 and 1.0 μM BEZ235
inhibited proliferation of the four tested MB cell lines (DAOY:
p=0.006, UW228-3: p=0.0001, Med8a: p=0.037, D425:
p=0.019) (Figure 9A-D). In addition, the combinations 10 μM
AZD4547 and 0.5 μM BEZ235, as well as 10 μM AZD4547
and 0.25 μM BEZ235 showed a tendency to inhibit
proliferation (Figure 9A-D).

ANTICANCER RESEARCH 40: 53-66 (2020)

58

Figure 2. Cytotoxicity analysis after single treatments with FGFR and PI3K inhibitors using the IncuCyte Red Cytotoxicity Assay on the MB cell
lines DAOY, UW228-3, Med8a, and D425. Twenty-four hours after seeding, at 0 h time point, the indicated cell lines were treated with drugs and
the assays were performed up to 48 h after treatment, with FGFR inhibitor AZD4547 (A-D); with PI3K inhibitor BEZ235 (E-H); and BYL719 (I-
L). The graphs represent one out of three typical experiments.  



Regarding the combination of AZD4547 and BYL719, 25
μM and 1.0 μM of each drug, respectively inhibited
proliferation in all the tested MB cell lines (DAOY: p=0.03,
UW228-3: p=0.003, Med8a: p=0.00003, D425: p=0.008, all at
72h) (Figure 9E-H). For the 5 μM AZD4547 and 0.25 μM
BYL719 concentrations, significant inhibition was observed  in
Med8a and D425, compared to PBS-treated controls (p=0.011
and p=0.01 respectively, both at 72h) (Figure 9G and H).

Discussion

In this study, FGFR and PI3K inhibitors were tested either
alone or in combination for their ability to inhibit the growth
of five MB cell lines. Of these, DAOY cell line had an in-
frame deletion in the PIK3R1 gene (https://depmap.org/portal/),
while D425 and Med8a cell lines had Myc amplifications (6,
31, 32). All five MB cell lines were sensitive to the FGFR
(AZD4547) and PI3K (BEZ235, BYL719) inhibitors alone, as
shown by decreased viability and proliferation. However, only
the FGFR inhibitor AZD4547 induced pronounced effects on

cytotoxicity or apoptosis. The PI3K inhibitor BEZ235 was
generally more efficient compared to BYL719, at the tested
concentrations. Further testing of the combination of the drugs
revealed increased inhibitory effects on cell viability, especially
in the most resitant cell line UW228-3. 

In the viability assays, D425 and D283 cell lines were
sensitive to the FGFR inhibitor AZD4547, the UW228-3 cell
line was the least sensitive, while DAOY and Med8a cells had
intermediate sensitivity. DAOY and D425 cell lines were the
most sensitive to the PI3K inhibitor BEZ235, while UW228-
3 cells was the least sensitive; Med8a and D283 cell lines had
intermediate sensitivity. All cell lines showed decreased
viability after treatment with the two highest concentrations
of the PI3K inhibitor BYL719, except UW228-3 cell line that
was only sensitive to the highest concentration.

Upon combination treatments with FGFR and PI3K
inhibitors, an enhanced decrease in viability was observed in
the least sensitive UW228-3 cell line, while all other MB cell
lines retained the sensitivity they had to the drug they were
most sensitive to. Again, at the concentrations used here, in
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Figure 3. Caspase-3/7 Green Apoptosis assay after single treatments with FGFR and PI3K inhibitors on cell lines DAOY, UW228-3, Med8a, and
D425 using the IncuCyte S3 Live® Cell Analysis System. Twenty-four hours after seeding, at 0 h time point, the indicated cell lines were treated
with the FGFR inhibitor AZD4547 (A-D), and the PI3K inhibitors BEZ235 (E-H) and BYL719 (I-L). The experiments were performed up to 48 h
after treatment. The graphs represent one out of three typical experiments.  



combination with the FGFR inhibitor AZD4547, the dual
PI3K inhibitor, BEZ235, was more efficient than the p110α
specific PI3K inhibitor, BYL719.

To our knowledge, sensitivity of MB cell lines to PI3K
inhibitors has already been demonstrated before (35); however,
this is the first study to examine sensitivity to FGFR inhibitors
or to the combination of PI3K and FGFR inhibitors.

The marked sensitivity of DAOY to the PI3K inhibitor
BEZ235 in the viability tests could be explained by the fact
that DAOY cell line has an in-frame deletion in the PIK3R1
gene. The overall sensitivity of the D425 and Med8a cell lines
as well as of DAOY and D283, to both types of inhibitors, and
especially to PI3K inhibitors is unknown. However, D425 and
Med8a (Group 3) have Myc amplifications and D283 has
overexpression of Myc (6, 31, 32). PI3K/mTOR inhibitors
have been shown to enhance Mycn phosphorylation and
proteosomal degradation leading to high sensitivity to mTOR
kinase inhibitors among cells with a Mycn amplification (36).
Whether high expression of Myc in cells, similar to the
presence of Mycn amplifications, increases their sensitivity to
mTOR kinase inhibitors, should be further examined. Notably,

it is known that Myc and Mycn have the same phosphorylation
sites when tagged for ubiquitination and it has been shown that
inhibition of mTOR-kinase destabilizes Mycn. Therefore,
inhibition of mTOR-kinase may be a potential therapy for
Mycn-dependent tumors (37). Nonetheless, development of
resistance against targeted therapy has been reported when
using one drug alone, and therefore the alternative of using two
drugs in combination could be of benefit (35, 38, 39).

Herein, in line with previous studies (30, 40), the FGFR
inhibitor (AZD4547), but not the PI3K inhibitors, affected
cytotoxicity and apoptosis. The fact that the FGFR inhibitors
can induce cytotoxicity and apoptosis could be useful in
clinical practice in MB patients; however, it is important to
use as low drug concentrations as possible in order to avoid
side effects of the various drugs (41).

Regarding the PI3K inhibitor BEZ235, the concentrations
used on the MB cell lines have been previously used by us
on neuroblastoma cell lines (30, 35); however, they were
slightly higher than those used in a previous studies on MB
cells (30, 35). The concentrations for the PI3K inhibitor
BYL719 were similar to those used in a recent study in
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Figure 4. Proliferation assays after single treatments with FGFR and PI3K inhibitors on cell lines DAOY, UW228-3, Med8a, and D425. Proliferation
assays were performed with the Incucyte S3 Live® Cell Analysis System. Twenty-four hours after seeding, at 0 h time point, the cells were treated
with the FGFR inhibitor AZD4547 (A-D) and the PI3K inhibitors BEZ235 (F-H) and BYL719 (I-L) and the confluency was measured up to 72 h
after treatment. The graphs represent the means with±standard deviation (SD) of three experiments.    



neuroendocrine tumors (42), and the concentrations of the
FGFR inhibitor AZD4547 have also been used in previous
studies (30, 41). It is possible that cell lines with FGFR or
PI3K mutations may be sensitive to lower drug
concentrations, and such cell lines remain to be tested.
Nevertheless, it has been reported that PI3K mutations do
not always affect drug sensitivity (43). However, it has been
documented that the sensitivity to FGFR inhibitors is
affected in cervical tumors harboring FGFR3-TACC3-fusion
genes as compared to those not harboring such genes (44).  
There are limitations in this study, since only five MB cell
lines were examined. Furthermore, a limited number of drug
concentrations was used. Nevertheless, to our knowledge,
this is the first time that drugs against FGFR and PI3K were
used in combination for treatment of MB cell lines.
Nevertheless, PI3K inhibitors have been previously shown
to inhibit MB cell growth in vitro, as well as to suppress

tumor growth in xenograft models when used alone or in
combination with a hedgehog inhibitor (28, 35).

Conclusion

Treatment with FGFR or PI3K inhibitors induced a decrease
in viability and proliferation in a dose-dependent manner in all
the examined MB cell lines. On the other hand, the sensitivity
of different MB cell lines to the tested inhibitors varied. The
fact that high expression of FGFR3 in MB patients has been
identified as a marker of treatment resistance makes FGFR
inhibitors interesting candidates for combinational studies.
Notably, however, upon combination treatment with FGFR and
PI3K inhibitors the sensitivity of all cell lines increased,
especially in the most resistant cell line. Taken together our
data suggest that FGFR and PI3K inhibitor combination may
be promising a treatment approach for resistant MBs.
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Figure 5. WST-1 viability assays after combined treatment with FGFR (AZD4547) and PI3K inhibitors (BEZ235; BYL719) on five MB cell lines.
Combination treatments on the same cells indicated above of FGFR inhibitor AZD4547 and PI3K inhibitor BEZ235 are depicted in (A-E) and of
FGFR inhibitor AZD4547 and PI3K inhibitor BYL719 in (F-J). The graphs represent mean values±standard deviation (SD) from three experimental
runs per cell line.



ANTICANCER RESEARCH 40: 53-66 (2020)

62

Fig
ure

 6.
 C

om
bin

ati
on

 tr
ea

tm
en

ts 
wi

th 
AZ

D4
54

7, 
BE

Z2
35

 an
d B

YL
71

9 i
n M

B 
ce

ll 
lin

es
. C

om
bin

ati
on

 in
de

x (
CI

) a
na

lys
es

 of
 A

ZD
45

47
 co

mb
ine

d w
ith

 B
EZ

23
5 (

A 
an

d B
) o

r w
ith

 B
YL

71
9 (

C 
an

d
D)

 in
 M

B 
ce

ll 
lin

es
 tr

ea
ted

 fo
r 2

4 
h 

we
re 

pe
rfo

rm
ed

 u
sin

g 
the

 H
igh

es
t A

cti
vit

y A
ge

nt 
me

tho
d 

(A
 a

nd
 C

) a
nd

 th
e m

ed
ian

-ef
fec

t m
eth

od
 (B

 a
nd

 D
). 

In
 A

 a
nd

 C
 ch

ar
ts,

 C
I<

1 
ind

ica
tes

 a
 p

os
iti

ve
co

mb
ina

tio
n e

ffe
ct 

an
d C

I>
1 a

 ne
ga

tiv
e e

ffe
ct,

 w
hil

e i
n B

 an
d D

, C
I<

0.7
 su

gg
es

ts 
sy

ne
rg

y, 
CI

>1
.45

 an
tag

on
ism

, a
nd

 0.
7<

CI
>1

.45
 ad

dit
ive

 co
mb

ina
tio

na
l e

ffe
cts

. C
Is 

we
re 

ca
lcu

lat
ed

 fr
om

 th
e

me
an

s o
f t

hr
ee

 ex
pe

rim
en

ts,
 an

aly
se

d w
ith

 W
ST

-1
. T

he
 co

mb
ina

tio
n o

f A
ZD

45
47

 an
d B

EZ
23

5 c
ou

ld 
no

t b
e a

na
lys

ed
 fo

r t
he

 D
28

3 a
nd

 U
W

22
8-

3 c
ell

 li
ne

s w
ith

 th
e m

ed
ian

-ef
fec

t m
eth

od
, d

ue
 to

the
 p

oo
r g

oo
dn

es
s-o

f-f
it 

of 
BE

Z2
35

 (r
<0

.85
); 

da
ta 

for
 th

es
e c

ell
s a

re
 th

er
efo

re
 n

ot 
pr

es
en

ted
 in

 (C
). 

Th
e e

ffe
cts

 o
f s

ing
le 

an
d 

co
mb

ina
tio

n 
tre

atm
en

ts 
(4

8 
h)

 w
ith

 A
ZD

45
47

 a
nd

 B
EZ

23
5 

on
UW

22
8-

3 
ce

ll 
via

bil
ity

 w
ere

 in
ve

sti
ga

ted
 w

ith
 W

ST
-1

 a
na

lys
is.

 S
ign

ifi
ca

nc
e b

etw
ee

n 
the

 ef
fec

t o
f t

he
 co

mb
ina

tio
n 

tre
atm

en
t a

nd
 si

ng
le 

tre
atm

en
t w

ith
 th

e t
wo

 d
ru

gs
 w

as
 te

ste
d 

wi
th 

on
e-w

ay
AN

OV
A 

wi
th 

Bo
nfe

rro
ni 

po
st-

ho
c t

es
t. 

Th
e g

ra
ph

s (
E-

I) 
rep

res
en

t t
hr

ee
 in

de
pe

nd
en

t e
xp

er
im

en
ts 

wi
th 

the
 m

ea
n a

nd
 SD

 di
sp

lay
ed

 *p
<0

.05
; *

*p
<0

.01
; *

**
p<

0.0
01

; N
S, 

No
n s

ign
ifi

ca
nt.



Conflicts of Interest
The Authors declare that they have no conflicts of interest.

Authors’ Contributions
SH, performed the majority of the experiments and contributed to the
writing of the manuscript. ML performed part of the experiments, and
assisted in the data presentation, all under the supervision of ONK

and SH. TA performed experimental work and contributed to the
writing of the manuscript. RGU performed the viability experiments.
MW performed combinational analyses, and assisted in the final
interpretation and presentation of the statistics of the manuscript and
in the writing of the manuscript. TD, MW and ONK conceived and
designed the study, made substantial contributions to the interpretation
of the data, and were involved in the drafting of the manuscript and
revising it critically for important intellectual content. All Authors
have critically read and approved the manuscript.

Holzhauser et al: FGFR-PI3K Inhibitors in Medulloblastomas

63

Figure 8. Caspase-3/7 Green apoptosis assay after combination treatment with FGFR (AZD4547) and PI3K (BEZ235; BYL719) on cell lines DAOY,
UW228-3, Med8a, and D425 using the IncuCyte S3 Live® Cell Analysis System. Twenty-four h after seeding, at 0 hours time point,  the indicated
cell lines were treated with drugs and the assays were performed up to 48 h after treatment. Combination treatments on the indicated cell lines
with AZD4547 and BEZ235 are depicted (A-D) as well as of AZD4547 and BYL719 (E-H). The graphs represent one out of three typical experiments.  

Figure 7. Cytotoxicity analysis after combination treatment with FGFR (AZD4547) and PI3K (BEZ235; BYL719) inhibitors using the IncuCyte Red
Cytotoxicity Assay on the MB cell lines DAOY, UW228-3, Med8a, and D425. Twenty-four hours after seeding, at 0 h time point, the indicated cell
lines were treated with drugs and the assays were performed up to 48 h after treatment. Combination treatments on the indicated cell lines with
AZD4547 and BEZ235 are shown in (A-D) and of AZD4547 and BYL719 in (E-H). The graphs represent one out of three typical experiments.  
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Figure 9. Proliferation assays after combination treatment with FGFR (AZD4547) and PI3K (BEZ235; BYL719) inhibitors on cell lines DAOY,
UW228-3, Med8a, and D425. Proliferation assays were performed with the Incucyte S3 Live® Cell Analysis System. Twenty-four hours after seeding,
the cells were treated with a combination of FGFR inhibitor AZD4547 and the PI3K inhibitors BEZ235 or BYL719. Combination treatments with
AZD4547 and BEZ235 are shown in (A-D) and with AZD4547 with BYL719 in (E-H). The graphs represent the means with±standard deviation
(SD) of three experiments. 
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