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Abstract

Diffuse intrinsic pontine glioma (DIPG) is an invasive and treatment-refractory pediatric brain
tumor. Primary DIPG tumors harbor a number of mutations including alterations in PTEN,
AKTand PI3K and exhibit activation of mammalian Target of Rapamycin Complex 1 and 2
(mTORC1/2). mTORCL/2 regulate protein translation, cell growth, survival, invasion, and
metabolism. Pharmacological inhibition of mMTORCL1 is minimally effective in DIPG. However,
the activity of dual TORC kinase inhibitors has not been examined in this tumor type.

Nanomolar levels of the mTORC1/2 inhibitor TAK228 reduced expression of p-AKTS473 and p-
§65240/244 and suppressed the growth of DIPG lines JHH-DIPG1, SF7761, and SU-DIPG-XIII.
TAK?228 induced apoptosis in DIPG cells and cooperated with radiation to further block
proliferation and enhance apoptosis.

TAK?228 monotherapy inhibited the tumorigenicity of a murine orthotopic model of DIPG, more
than doubling median survival (p=0.0017) versus vehicle. We conclude that dual mTOR inhibition
is a promising potential candidate for DIPG treatment.
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1. Introduction

Diffuse intrinsic pontine glioma (DIPG) is an invasive, treatment-refractory brain tumor
mainly occurring in children. Despite aggressive treatment, the majority of patients die
within 2 years after initial diagnosis [1]. Recent studies have identified mutations in histone
genes (H3F3A, HIST1IH3B, HIST2H3C) encoding histone H3.3, H3.1 and H3.2 (H3K27M)
proteins [2; 3; 4; 5; 6; 7], TP53 mutation [5], activating receptor ACV/RI mutation [8], AKT
gain, and PTEN loss [9; 10; 11].

The mammalian Target of Rapamycin (mTOR) signaling pathway is one of the key
oncogenic signaling pathways. mTOR Complex 1 (mTORCL1) is an upstream activator of S6
and 4E-BP1, and regulates protein synthesis, lipid synthesis, energy metabolism, autophagy,
lysosome function, and maintains cell homeostasis [12]. The known functions of mMTORC2
include apoptosis prevention [13], metabolic control, and actin polarization [14].
Approximately 70% of DIPG tumors have either AKT gain or PTEN loss, suggesting
frequent aberrations of PTEN/AKT/mTOR signaling pathway in this disease [9; 15].

Targeting mTOR has largely relied on agents such as rapamycin and everolimus, which
primarily inhibit mMTORCL1 by allosteric binding [16]. A screen of these drugs against DIPG
cells showed that they were ineffective [17]. Inhibition of mMTORCL1 by these agents often
leads to upregulation of mMTORC2, which may contribute to the relative lack of effectiveness
of mMTORCL inhibitors [18]. New dual mTORC kinase inhibitors may have broader
therapeutic use than rapalogs, due to their ability to inhibit both mTORC1 and mTORC2
[19].

TAK?228, also known as sapanisertib, MLN0128 and INK128, is an ATP-competitive mTOR
kinase inhibitor that inhibits both TORC1 and TORC2 [20; 21]. TAK228 has been found to
be active in solid tumors such as sarcoma [22], pancreatic cancer [23], neuroblastoma [24],
and breast cancer [21; 25]. There are two ongoing clinical trials (NCT02133183,
NCT02142803) using TAK228 in adult glioblastoma, evaluating its ability to penetrate the
brain and suppress mMTORC1/2. No pediatric brain tumor clinical studies have been
conducted with TAK228 to date.

Because most DIPG have genetic aberrations in the PI3K/AKT/mTOR pathway, we
hypothesized that TAK228 would be effective in this tumor type. Herein, we evaluated the
effects of dual TAK228 in DIPG and found that it suppressed cell growth, proliferation,
invasion, induced apoptosis and more than doubled the median survival of an orthotopic
murine model of DIPG.
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2. Materials and Methods

2.1 Cell culture conditions and drug preparation

2.2 Western

JHH-DIPGL1, SF7761, and SU-DIPG-XIII DIPG neurosphere lines were maintained in
DMEM/F12 medium supplemented with 20 ng/ml epidermal growth factors (EGF) and 20
ng/ml fibroblast growth factors (FGF) (EF media) [26]. To avoid differentiation of SU-
DIPG-XIII cells, EF media without retinoic acid was used [17]. The JHH-DIPG1 line was
derived from a rapid autopsy specimen and established in our laboratory as previously
described [26]. The SF7761 line is a kind gift from Rintaro Hashizume and Nalin Gupta
(University of California, San Francisco, CA) [27], and the SU-DIPG-XIII line is a kind gift
of Michelle Monje (Stanford University School of Medicine, Stanford, CA) [28]. All DIPG
lines were verified to be mycoplasma-free by polymerase chain reaction (PCR) testing.
Authentication of the DIPG cell lines was performed using short tandem repeat (STR)
profiling by the Johns Hopkins Genetic Resources Core Facility. For treatment studies, these
neurospheres were disassociated into single cells using Accutase (Sigma-Aldrich, St Louis,
MO), counted, plated, and allowed to grow for 3 days in EF media before administration of
drugs. Then, dimethyl sulfoxide (DMSO, vehicle control; Sigma-Aldrich) or 1-125 nM
TAK228 dissolved in DMSO was added into the cell-containing medium. PKC (PDGFB/
H3.3-K27M/p53-/-) murine cells and luciferase-expressing PKC-L [29] were grown in
NeuroCult mouse basal media supplemented with 10% mouse cell proliferation supplement
(Stem cell technologies), glutamine, penicillin-streptomycin, heparin (2 pg/ul), rm EGF (20
ng/mL) and rm FGF (20 ng/mL). Cultures were maintained at 5% CQO2 at 37°C. For /in vitro
viability assays, 10,000 cells in triplicates for each condition were seeded in 96 well plates
on day 1. On day 2 cells were treated with TAK228. On day 7, viability was assessed using
CytoTox-Glo cytotoxicity assay (Promega).

blot analysis

The treated cells and xenografts were lysed in RIPA buffer containing protease inhibitor
cocktail (Sigma-Aldrich) and phosphatase inhibitors and western blotting was performed as
described previously [30]. Membranes were then probed with primary antibodies overnight.
The following primary antibodies were used: phosphorylated AKT at Ser473 (p-AKTS473),
AKT (C6E7), S6 (54D2), cleaved PARP (D214) (D64E10), BCL-2 (15071S), BCL-XL
(2764S) (1:1,000 dilution, Cell Signaling Technology, Danvers, MA), phosphorylated S6 at
Ser240/244 (p-S65240/244: 1:2 000 dilution, Cell Signaling, Danvers, MA), and B-ACTIN
(C4) (1:2,000 dilution, Sigma-Aldrich). Secondary antibodies conjugated to horseradish
peroxidase (1:2,000 dilution, KPL, Gaithersburg, MD) were incubated for 1 hour and
detected with a Western Lightning Plus ECL chemiluminescence kit (PerkinElmer,
Waltham, MA). Densitometry was performed using Image J Ver. 1.440 software (http://
rsh.info.nih.gov/ij/)[31].

2.3 Cell growth assay

(MTS, Promega) assays were performed as described to determine change in viable cell
mass [32]. Cells were dissociated and seeded into 96-well plates at a density of 5,000 per
well in 200 pl of medium and treated with DMSO or 1-50 nM TAK228, and incubated in
5% CO5 at 37C. For the plate readings, 20 ul of MTS solution was added to each well after
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at 0, 2, 5and 7 days post-plating and incubated for 1 hour protected from light. The optical
density at 490 nm was subsequently measured by spectrophotometer.

2.4 Cell proliferation assay

Proliferative ability was evaluated by using Bromodeoxyuridine (BrdU) as described
previously [33]. Cells were treated with DMSO or 25 nM TAK228 for 3 days. BrdU (Sigma-
Aldrich) was added 6 hours before collection. The collected neurospheres were triturated
into single cells by Accutase, washed with PBS, fixed in cytospin fluid, and cytospun onto
positively charged slides. BrdU (Sigma Aldrich) incorporation was measured as previously
described [34].

2.5 Apoptosis assay

Apoptosis was evaluated by immunofluorescence of Cleaved Caspase 3 (CC3) as described
previously [33]. Human DIPG cells were treated with DMSO or 25 nM TAK228 for 3 days.
Murine PKC DIPG model cells were treated with 25 nM TAK228 for 2 days. The treated
neurospheres were triturated into single cells, washed with PBS, fixed in cytospin fluid, and
cytospun onto positively charged slides. Cells were then processed for CC3 detection using
an anti-CC3 antibody (Asp175, Cell Signaling Technology) as described [35].

2.6 Combination therapy using TAK228 and Radiation

2.7 Invasion

DIPG cells were treated with DMSO or 25 nM TAK?228, and radiated with 2 Gy. Cells were
exposed to radiation 4 hours after administration of TAK228, when p-AKTS473 was
expected to be most inhibited, because of reports showing AKT inhibition enhancing
radiosensitization [36; 37; 38]. Cells were incubated in TAK228 for an additional 72 hours
before measuring proliferation and apoptosis using CC3 and BrdU, respectively. For
mechanistic studies, cells were treated with 2 Gy radiation four hours after being placed in
25 nM TAK?228. Cells were incubated in TAK228 for an additional 24 hours after radiation,
at which time cells were harvested for western blotting. We chose this early timepoint to
capture the events occurring upstream of the induction of apoptosis.

and migration assays

DIPG neurospheres were dissociated into single cells, re-suspended in media without both
EGF and FGF, seeded at a density of 100,000 cells per trans-well insert (coated with
Matrigel), and treated with DMSO or TAK228 as described previously [39; 40]. To
minimize a direct cytotoxic effect of TAK228, the minimum dose of TAK228 that produced
growth inhibition (10 nM) was selected. Regular EF media with DMSO or 10 nM TAK228
was added to the bottom of the trans-well to act as a chemoattractant. After incubation for 24
hours, cells that had moved to the bottom chamber of the trans-well insert were stained by
hematoxylin and counted as described [39; 40].

Murine PKC neurospheres were grown in DMEM supplemented with 10% FBS and
antibiotics for 24 h to form an adherent monolayer. Cells were then serum starved for 6 h.
Cell monolayer was scraped in a straight line with a P200 pipet tip and washed with PBS to
rinse away any floating cells. Cells were then treated with either vehicle or 25 nM TAK228
in complete DMEM media and imaged using 10 x objective at 0 h, 48 h and 6 days. The
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scratch area was measured using Image J software. Percentage of wound closure was
calculated as follows:

% Wound closure = (A¢=gn — At=ah)/At=on x 100%, as described previously [41; 42; 43],
where, A; = g1, is the area of the wound measured immediately after scratching and A¢ = pp, IS
the wound area measured at specific time interval after scratching.

2.8 Statistical analyses

Experiments were repeated at least 3 times in each cell line, unless otherwise noted.
Statistical significance was evaluated using Student’s #test, unless otherwise noted. Pvalues
less than 0.05 were considered statistically significant. Error bars represent standard error of
means unless otherwise stated. All statistical tests were performed using the GraphPad Prism
6 software (GraphPad Software, La Jolla, CA).

2.9 Establishment of DIPG orthotopic murine models

All mice work was performed in accordance with CNHS-1ACUC approved protocol 30425.
NOD SCID gamma mice (Age 3 wks, n=12) were used for orthotopic injection of PKC-L
mouse neurospheres [29; 42]. Mice were anaesthetized using an isofluorane vaporizer and
placed on a stereotactic frame fitted with a 26-gauge needle gas tight Hamilton syringe.
After sterilizing the area, a 5 mm linear skin incision was made on the head to expose the
skull. After determining the injection site in pons (2 mm posterior to the A-suture, 1ImM
lateral to midline and 3 mm deep), a burr hole was made and a total of 300,000 live tumor
neurospheres in 2 pl volume were injected [42]. Skin incision was sutured and mice were
treated for pain with Buprenex (0.1 mg/kg) before returned to their home cages.

2.10 In vivo treatment with TAK228

3. Results

Mice injected with tumor cells were divided into two groups (n=6 per group) to administer
with vehicle or TAK228 (1 mg/kg, oral, Monday-Friday) starting from 7 days post injection
with tumor cells. Tumor formation was confirmed by /7 vivo imaging for luciferase
expression using IVIS Lumina Il imaging system. Both groups were monitored daily for
sickness and signs of tumor development including ataxia and weakness. When a mouse
became sick, it was euthanized by CO, asphyxiation and the brain was harvested for
histopathological analyses. Median survival differences between the two groups of mice
were assessed using the log-rank test and visualized using Kaplan-Meier survival curve.

3.1 TAK228 inhibited mTOR pathway activity in DIPG cells

To assess mTOR inhibition /n vitrohuman primary DIPG cells (JHH-DIPG1, SF7761, SU-
DIPG-XIII) were expanded in culture and exposed to TAK228 or vehicle control. mTOR
pathway activity was assessed by western blot to measure levels of p-AKTS473, total AKT,
p-S65240/244 and total S6. Both p-AKTS473 and p-S65240/244 \were highly expressed in DIPG
cell lines and were inhibited between 50 to 90 percent after 4-hour-treatment with 25 nM
TAK228 (Fig. 1A).
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3.2 TAK228 suppressed the growth and proliferation of DIPG cells

DIPG neurospheres treated with TAK228 formed only small spheres as compared to DMSO
(Fig. 1B). Cell growth of 3 DIPG cell lines as measured by MTS assay was inhibited by 10—
50 nM TAK?228 compared to DMSO (Fig. 1C; JHH-DIPG1: p = 0.0021 in 10 nM, p =
0.0001 in 25 nM, p <0.0001 in 50 nM; SF7761: p = 0.0002 in 10 nM, p <0.0001 in 25 and
50 nM; SU-DIPG-XIII: p = 0.0065 in 25 nM, p = 0.0003 in 50 nM).

To determine the effects of TAK228 on proliferation in DIPG cell lines, the percentage of
BrdU-positive cells was assessed. An approximately 30% decrease of BrdU+ cells was seen
after treatment with 25 nM TAK228 compared to DMSO control (Fig. 2A, B; JHH-DIPGL1:
50.2% vs. 36.9%, p <0.0001; SF7761: 49.1% vs. 32.0%, p <0.0001; SU-DIPG-XIII: 44.4%
vs. 31.9%, p <0.0001; DMSO vs. TAK228).

3.3 TAK228 induced apoptosis in DIPG cells

Since apoptosis is known to be regulated by both mTORC1 and mTORC?2 [44], we
hypothesized that treatment with TAK228 would induce robust apoptosis. We measured
apoptosis by cleaved caspase 3 (CC3) immunofluorescence after treatment with 25 nM
TAK228. The percentage of CC3+ cells was significantly higher in the treatment group
compared to DMSO control for each DIPG line (Fig. 3A, B; JHH-DIPGL1: 2.4% vs. 6.1%, p
<0.0001; SF7761: 1.6% vs. 4.4%, p = 0.0002; SU-DIPG-XIII: 1.8% vs. 5.2%, p <0.0001;
DMSO vs. TAK228).

3.4 Combination of TAK228 and radiation enhanced apoptosis and suppressed

proliferation

Radiation is one of the mainstays of DIPG treatment [1]. Since inhibition of AKT can
enhance the cytotoxic effect of radiation [36; 37; 38], we hypothesized that treatment of
DIPG with TAK228 would sensitize them to radiation. Combination of TAK228 and
radiation enhanced the cytotoxic effects of radiation by suppressing proliferation (Fig. 2A,
B; JHH-DIPG1: 36.5% vs. 26.0%, p <0.0001; SF7761: 34.8% vs. 20.7%, p <0.0001; SU-
DIPG-XIII: 31.7% vs. 21.0%, p <0.0001; radiation vs. combination) and inducing apoptosis
(Fig. 3A, B; JHH-DIPG1: 7.3% vs. 12.4%, p <0.0001; SF7761: 5.1% vs. 12.2%, p = 0.0010;
SU-DIPG-XIII: 4.4% vs. 7.9%, p = 0.0010; radiation vs. combination).

To investigate the mechanism of how TAK228 enhanced the effect of radiation, we
examined the expression of the anti-apoptotic proteins BCL-2 and BCL-XL after treatment
with TAK228 and radiation. We found that in JHH DIPG1 and SF7761 there was a
reproducible down-regulation of both BCL-2 and BCL-XL as measured by western blot with
combination therapy (Figure 3C). This decrease in BCL-2 and BCL-XL was not observed
reproducibly in SU-DIPG-XIII.

3.5 Low-dose TAK228 suppressed invasion

Invasion is also regulated by both mTORC1 and mTORC2 [45; 46; 47; 48; 49]. TAK228
treatment at 10 nM decreased invading cells in a Boyden matrigel transwell chamber assay
by approximately 80% compared to DMSO in both SU-DIPG-XIII and JHH DIPG1
(p<0.0001 vs DMSO control) (Fig. 4A, B).
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3.6 TAK228 inhibited tumor formation in an orthotopic DIPG murine model

Due to the long latency of tumor formation with human DIPG cell lines [26; 27], we
assessed the efficacy of TAK228 /i vivo using a well-established murine orthotopic DIPG
model [29]. We first determined that TAK228 inhibited pAKT473 and pS6 at similar doses
in these cells as in human DIPG cell line (Figure 5A). We then verified that the /n vitro 1C50
for this model was similar to that of human DIPG cells (Figure 5B). Treatment of the murine
DIPG cells with 25 nM TAK?228 led to induction of apoptosis as measured by CC3
immunofluorescence (p<0.0001 vs DMSO control) (Figure 5C, Supplemental Figure 1).
TAK228 also suppressed murine DIPG cell migration when measured on days 2 and 6 of
treatment (p< 0.0001 at both time points vs DMSO control) (Figure 5D, Supplemental
Figure 2).

Orthotopic injection of murine DIPG cells expressing luciferase (PKC-L) into the pons of
NOD SCID gamma mice (n=12) resulted in tumor growth within 10 days of transplantation,
as visualized by /in vivo imaging of luciferase activity. Mice were randomly assigned to
treated (n=6) or control vehicle treated (n=6) groups. TAK228 treatment was begun starting
7 days after tumor cell injection at the generally accepted /7 vivo murine dose of 1 mg/kg
orally, given Monday-Friday [50]. Mice tolerated this regimen well, without significant
weight loss or other side effects. Survival analysis showed a more than doubling of the
median survival of TAK228 treated mice as compared to vehicle treated, control mice (48 vs
101 days, Figure 5C p=0.0017 by Log-rank test).

4. Discussion

Inhibition of the mTOR pathway may represent an important treatment strategy in cancer.
Although TORC1 inhibition with rapalogs did not show significant effect in a drug screen
against DIPG cell lines [17], the activation of both mTORC1 and mTORC2 in DIPG
suggests that dual mTORC kinase inhibitors may have increased potency in this tumor.

TAK228 is expected to promote apoptosis in DIPG because apoptosis is regulated by both
mTORC1 and mTORC?2 [51]. Meanwhile, multiple pro-invasion genes downstream of
MTORC1 and mTORC?2 are associated with metastasis in breast cancer [46; 48; 49],
hepatocellular carcinoma [45; 52], and melanoma [47]. Furthermore, mTORC?2, like
mTORC1, is known to regulate cell growth through MYC activation [53]. Since apoptosis,
invasion, and cell growth are governed by both mTORC1 and mTORC?2, we hypothesized
and showed that TAK228 induced apoptosis, suppressed invasion and inhibited cell growth.

Radiation is a standard treatment for DIPG, and a chemotherapeutic regimen showing
radiosensitization is desired. In other cancer types, the combination of radiation and an AKT
inhibitor enhanced apoptosis and DNA damage, and suppressed proliferation and
clonogenicity [36; 37; 38]. In our study, combination with TAK228 and radiation also
produced combinatorial efficacy.

We identified reproducible downregulation of the anti-apoptotic proteins BCL-2 and BCL-
XL in JHH DIPG1 and SF7761 after treatment with TAK228 and 2Gy of radiation. SU-
DIPG-XIII did not show reproducible reduction in BCL-2 and BCL-XL. In concordance
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with a maintenance of robust expression of anti-apoptotic machinery, SU-DIPG-XIII also
demonstrated the least induction of apoptosis after exposure to TAK228 and radiation.

In our /n vivo experiments, TAK228 given daily at 1 mg/kg 5 days per week led to a
significant increase in survival in a murine orthotopic DIPG model. Alternative dosing
schedules have been reported in mice and humans that might allow a higher level of
penetration into the brain. Some investigators have used a high dose, intermittent schedule of
TAK228 in mice (3mg/kg twice daily for 3 days/week), which was tolerable and without
harmful effects such as weight loss [22]. In humans, clinical trials are on-going in adult
patients using different dosing schedules, including once-weekly doses of up to 30 mg
(NCT02575339). The MTD and optimum dosing schedule of TAK228 in pediatric brain
tumor patients has not yet been determined. Our data suggests that a phase | study in
pediatric brain tumor patients may be reasonable.

In DIPG cell lines, the mTOR pathway is active, and inhibition of the pathway suppresses
cell growth, proliferation, invasion, and induces apoptosis. These results may be a
consequence of inhibition of both mTORC1 and mTORC2. Moreover, combination with
radiation could enhance the therapeutic effects of TAK228 such as induction of apoptosis
and suppression of proliferation. We conclude that dual mTOR inhibition is a promising
candidate for DIPG treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
TAK?228 inhibited p-AKT and p-S6 in DIPG.

TAK?228 suppressed cell growth, proliferation, invasion, and induced
apoptosis in DIPG.

TAK228 acted as a radiosensitizer in DIPG.

TAK228 treatment more than doubled the median survival of an orthotopic
murine model of DIPG.
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Figure 1. TAK228 inhibited mTOR pathway activity and suppressed cell growth in DIPG lines at
nM concentrations

A) Western blot showing dose-dependent suppression of both p-AKTS473 and p-S65240/244
by TAK228. ACTIN was used as a loading control. Protein levels were quantitated using
densitometry, and values normalized to DMSO control are depicted below the blots. B) High
power (400X) photomicrograph comparing DIPG neurospheres of treated cells (right) as
compared to control DMSO cells (left). C) MTS viability assay showing cell growth
inhibition of all DIPG lines by 25-50 nM TAK228 compared to DMSO. ***: p <0.0001, **:
p <0.01, *: p <0.05 vs. DMSO by Student’s t-test.
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Figure 2.

TAK?228 suppressed DIPG proliferation and enhanced radiosensitization

A) Representative 400x photomicrographs showing decreased proliferation as measured by
BrdU immunofluorescence (red) after treatment with 25 nM TAK228 for 3 days followed by
2 Gy radiation. DAPI counterstains nuclei (blue). B) Quantification of DIPG proliferation
after TAK228 and radiation treatment ***: p <0.0001, **: p <0.01, *: p <0.05 vs. DMSO by
t-test.
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Figure 3. TAK228 induced apoptosis and enhanced radiotoxicity in DIPG
A) Representative 400x photomicrographs showing increased apoptosis after treatment with

TAK228 and radiation. Four hours after placing cells in 25 nM TAK228, cells were
irradiated with 2 Gy radiation. Cells were incubated with 25 nM TAK228 for an additional
72 hours and processed for immunofluorescence for CC3 (red). DAPI counterstains nuclei
(blue). B) Percentage of CC3+ cells increased significantly after treatment with 25 nM
TAK228, and further increased when combined with 2 Gy of radiation. ***: p <0.0001, **:
p <0.01, *: p <0.05 vs. DMSO by t-test. C) Western blot showing expression of BCL-2 and
BCL-XL proteins in human DIPG after treatment with 25 nM TAK228 and 2 Gy radiation.
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Cells were harvested 24 hours after radiation to capture early events leading to increased
apoptosis. ACTIN was used as a loading control. Protein levels were quantitated using
densitometry, and values normalized to DMSO control are depicted below the blots.
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TAK?228 suppressed invasion in DIPG. A. High power images showing migrated cells in
control and TAK228 treated cells. B. Quantification of number of migrating cells. ***

indicates p <0.0001 vs. DMSO by t-test.
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Figure 5. TAK228 inhibited pS6 and pAKT and suppressed growth and tumorigenicity of PKC-

L murine DIPG neurospheres

A. Western blot showing TAK228 inhibition of pS6 and pAKT 473 in PKC-L murine DIPG
cells. ACTIN was used as a loading control. Protein levels were quantitated using
densitometry, and values normalized to DMSO control are depicted below the blots.

B. TAK228 suppressed the growth of PKC-L murine DIPG cells in vitro as measured by
CytoTox-Glo cytotoxicity kit. PKC neurospheres were treated with vehicle, 10 or 20 nM of
TAK228 for 7 days and luminescence from total cells in each sample was determined by
using CytoTox-Glo cytotoxicity kit. Average of triplicate values of each sample were
plotted. P value < 0.0001 as determined by one way Anova. Error bars: SD. C. Graph
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showing quantification of percent apoptotic cells as measured by CC3 immunofluorescence
in PKC-L cells. P value <0.0001 by t-test. D. Graph showing quantification of percent would
closure after 2 and 6 days of treatment in 25 nM TAK228 compared to DMSO control. P
value <0.0001 by t-test. E. Kaplan-Meier survival curve showing that TAK228 treatment
extends the life of mice bearing orthotopic grafts of PKC-L DIPG neurosphere cells.
P=0.0017 by log-rank test.
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