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Abstract

Purpose Medulloblastomas (MBs) constitute the most common malignant brain tumor in children and adolescents. MYC-
amplified Group 3 MBs are characterized by disease recurrence, specifically in the leptomeninges, whereby patients with
these metastatic tumors have a mortality rate nearing 100%. Despite limited research on such tumors, studies on MB metas-
tases at diagnosis suggest targeting kinases to be beneficial.

Methods To identify kinase inhibitors that eradicate cells driving therapy evasion and tumor dissemination, we utilized
our established patient-derived xenograft (PDX) mouse-adapted therapy platform that models human MB metastatic recur-
rences following standard chemoradiotherapy. High-throughput screens of 640 kinase inhibitors were conducted against cells
isolated from mouse spines in the PDX model and human fetal neural stem cells to reveal compounds that targeted these
treatment-refractory, metastatic cells, whilst sparing healthy cells. Blood-brain barrier permeability assays and additional
in vitro experimentation helped select top candidates for in vivo studies.

Results Recurrent Group 3 MB PDX spine cells were therapeutically vulnerable to a selective checkpoint kinase 1 (CHK1)
inhibitor and small molecular inhibitor of platelet-derived growth factor receptor beta (PDGFR). Inhibitor-treated cells
showed a significant reduction in MB stem cell properties associated with treatment failure. Mice also demonstrated survival
advantage when treated with a CHK1 inhibitor ex vivo.

Conclusion We identified CHK1 and PDGFR} inhibitors that effectively target MB cells fueling treatment-refractory metas-
tases. With limited research on effective therapies for Group 3 MB metastatic recurrences, this work highlights promising
therapeutic options to treat these aggressive tumors. Additional studies are warranted to investigate these inhibitors’ mecha-
nisms and recommended in vivo administration.
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Introduction

Accounting for nearly 20% of all childhood central nerv-
ous system (CNS) neoplasms, medulloblastoma (MB)—
an embryonal tumor that originates in the cerebellum, is
the most common malignant pediatric brain tumor [1].
Advancements in diagnostic testing, imaging techniques,
as well as molecular and histopathological analyses have
aided in standardizing multimodal treatment protocols.
This consists of maximal safe surgical resection, adjuvant
craniospinal irradiation and cytotoxic chemotherapy regi-
mens, which significantly increased the 5-year overall sur-
vival to as high as 85% for standard-risk pediatric patients
with no residual disease or metastasis [2—4]. However, sur-
vivorship of high-risk patients can range from 30 to 70%
depending on age; universal to these patients is disease
progression at either local (brain) and/or metastatic (spinal
leptomeninges) sites.

Our knowledge of MB is largely based on examining bulk
tumors from diagnosis combined with clinical parameters
that led to the stratification of four distinct molecular sub-
groups (WNT, SHH, Group 3 & Group 4) [5-7]. Group 3
MBs are often associated with tumor progression and have a
greater propensity to metastasize in comparison to other MB
subgroups (40-45%) and other CNS tumors [8, 9]. Integra-
tive genomic profiling of primary MB samples underscores
the intra-subgroup heterogeneity and correlation to clinical
outcome, and demonstrating that Group 3y MB constitutes
the worst prognosis amongst all subtypes (41.9% 5-year
survival) [10]. Most often present in infants and young chil-
dren, Group 3y MB involves v-myc avian myelocytomatosis
viral oncogene homolog (MYC) amplification and a high
frequency of disease metastasis.

Consequently, therapeutic regimens deemed effective
for these treatment-naive specimens are often poised to
fail in treatment-refractory lesions due to the complexity
of both recurrent and metastatic MB. Current research in
commercially-available MB cell lines has highlighted vari-
ous signaling pathways and targets integral to MB progres-
sion and metastasis—most notably phosphatidylinositol
3-kinase (PI3K)/AKT- and RassMAPK- pathways, as well as
platelet-derived growth factor receptors (PDGFRs) [11-17].
However, mortality rates of relapsed Group 3y MB patients
with leptomeningeal disease dissemination remains fatal
in nearly all cases [2, 18]. Development of novel therapies
is encumbered by the rare clinical opportunities for these
often-inoperable specimens to be collected, and the pau-
city of mouse models able to recapitulate metastatic MB
recurrence.

We previously reported our established patient-derived
xenograft (PDX) mouse-adapted therapy model, which
provides a reliable platform to recapitulate treatment
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administered to MB patients [19]. It enables harvesting of
the rare treatment-refractory sub-population of MB cells,
termed brain-tumor-initiating cells (BTICs), which retain
somatic stem cell properties to drive MB progression, eva-
sion of conventional therapies, and metastasis [20-22]. Prior
research have commonly used commercially-available cell
lines from MB diagnosis, which merely provides informa-
tion on the primary disease. However, our goal was to study
the metastatic recurrences of MYC-amplified Group 3 MB.
Therefore, the BTIC-enriched, treatment-refractory MB
cells from our PDX model that were specifically collected
from mouse spines provide the rare opportunity to investi-
gate this often terminal disease in patients. It is particularly
important given the high genetic divergence between recur-
rent MB and metastatic MB compared to their matched pri-
mary tumors, respectively [23, 24].

Here, we performed a high-throughput screen (HTS) of
kinase inhibitors to identify candidates against our PDX-gen-
erated treatment-refractory, metastatic Group 3y MB cells.
We found that inhibitors that target these BTIC-enriched
cells, whilst sparing healthy, human fetal neural stem cells
(hNSCs). Our data suggests that further characterization of
these inhibitors may provide a new therapeutic strategy for
relapsed Group 3y MB patients with spinal metastasis, who
are otherwise often limited to palliative care.

Materials and methods
Cell cultures

Treatment-refractory Group 3 MB (SU_MBO002) was
obtained from Dr. Yoon-Jae Cho (OR, USA) [23]. Cells
were cultured in NeuroCult Complete media (NCC), consist-
ing of NeuroCult™ NS-A Basal Medium (STEMCELL™
technology #05750) supplemented with NeuroCult™
Supplement, 20 ng/mL epidermal growth factor, 10 ng/
mL fibroblast growth factor, 0.1% heparin and 1% penicil-
lin—streptomycin. Primary Group 3 MB (HD-MBO03) was
provided by Dr. Robert Wechsler-Reya (CA, USA) and cul-
tured in NCC with 10% FBS. SHH (DAOY) and Group 4
(ICb-1299) MB cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) with 10% FBS. Cells were plated in
NCC 24 h prior to in vitro experimentation and intracranial
injections. Culture conditions of cells isolated from our PDX
model (e.g., HD-MBO03-Re-br & sp) remained consistent
with original cell lines. HNSCs were isolated and cultured
using a previously described protocol [25].

Inhibitors

HTS compounds were taken from frozen stocks from the
David Braley Human Stem Cell Screening Facility; supplied
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by the Ontario Institute for Cancer Research (OICR). Top
five screen hits were constituted in 10 mM stocks with
DMSO.

High-throughput screening

Z prime (Z') assay and optimization in Supplementary
material [26-29]. 2,500 cells/well of HD-MBO03-Re-sp
were seeded into 96-well tissue culture treated plates by
the highly automated, Multidrop™ Combi Reagent Dis-
penser. The Microlab Nimbus dispensed 1 mM stock of
kinase inhibitors into intermediate dilution plates with
DMEM and subsequently, resuspended each wells’ solution
and then transported 20 uL/well to corresponding 96-well
plates. The screen was conducted in duplicates with 1 uM as
the final concentration of drugs and controls (0.1% of total
well volume). DMSO and puromycin controls were plated at
alternating terminals of each row on plates to ensure proper
comparison of cell viability with the tested compounds.
Following 72-h incubation, PrestoBlue™ was added by the
Multidrop™ Combi Reagent Dispenser and fluorescence
intensity was measured by the FLUOstar Omega Fluores-
cence 556 Microplate reader. Cell viability percentage was
calculated by dividing the intensity value in the presence of
each compound by the DMSO value in the respective row.
Mean and standard deviation between duplicates were deter-
mined by Omega software. Compounds where one or both
replicates indicated 50% or more reduction in cell viability
were denoted as screen hits.

Cell viability assays

2,500 cells/well of single cells of HD-MBO03, HD-MBO03-
Re-br, HD-MBO03-Re-sp, SU_MBO002, SU_MB002-Re-br,
SU_MBO002-Re-sp, and hNSCs were sorted by Moflo XDP
Cell Sorter into 96-well plates in quadruplicates to determine
ICs,, values. DMSO was used as the vehicle control. Given the
HTS results from testing Group 3 MB cells with compounds
at 1 uM, cells were treated with four-fold dilutions from 2 uM
to 7.6 pM (0.1% DMSO or drug). Non-Group 3 MB (DAOY
and ICb-1299) cells were treated with two-fold dilutions from
10 uM to 9.7 nM. After 72-h incubation, PrestoBlue™ was
added. Prism 6 software was used to construct dose response
curves and ICs, values by plotting percent cell viability versus
transformed dilutions of inhibitors on a logarithmic (log,)
scale. ICq, concentrations were calculated with the following
formula: IC g =[(100 — F)/F]"™ x IC5,, where F=desired
percent response (i.e., 80 for 80% reduction in cell viability),
HS =Hill Slope.

Sphere formation assays

Limiting dilution assays (LDAs) involved sorting single cells
(described above) in quadruplicates at cell densities from
1,000 cells/well to 1 cell/well to compare compounds’ self-
renewal capacity. Wells with 200 cells/well were used for
in vitro secondary sphere formation assays. Following 72-h
incubation post-treatment, tumorspheres or colonies (defined
as five or more cells in contact with each other) were manually
counted. Prism 6 software was used to plot the percentage of
wells without spheres at each respective cell density (y-axis;
F,) against the number of cells per well (x-axis; x). To deter-
mine the minimal number of cells required to have at least one
tumorsphere, the y-axis must cross the 0.37 level, which was
calculated by Fy=e¢™ [30, 31].

Ex vivo treatment model

All mouse work was in accordance with McMaster Uni-
versity’s Animal Research Ethics Board. SU_MBO002 cells
were treated with either ICq, of CHIR-124, JNJ-10198409 or
DMSO (0.1% total volume) for 72 h in NCC. Following cell
collection, Trypan Blue solution (Thermo Fisher Scientific
#15250061) was used alongside Countess™ II Automated
Cell Counter (Thermo Fisher Scientific #A27977) to ensure
that there were equivalent numbers of live cells in each cohort.
Cells were then resuspended in 10-12 pL of PBS and injected
into the frontal lobe of NOD SCID mice (n=35 per cohort)
in an unblinded manner using a 10 pL. Hamilton syringe, as
previously described [19].

To assess survival, mice were sacrificed once they reached
endpoint. Brains and spines were isolated, formalin-fixed and
paraffin-embedded for hematoxylin and eosin (H&E) and
human CoxIV staining, respectively. Slide images were taken
using the Aperio Slide Scanner and analyzed by ImageScope
v11.1.2.760 software (Aperio).

Results

High-throughput kinase inhibitor screen
for reducing cell viability in Group 3y MB metastatic
recurrence cells

We isolated human MYC-driven Group 3 MB cells from
the spine of relapsed mice (HDMBO03-Re-sp) using our
established PDX model (Fig. 1a). Preliminary tests
involved Z prime (Z') assays (i.e., Z' < 0.5 indicates a
good score with minimal overlap between controls) using
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«Fig. 1 High-throughput kinase inhibitor screen targeting metastatic
Group 3y MB cells from recurrence. a Schematic representation of
PDX therapy model and high-throughput screen. Treatment-naive
Group 3 MB (HD-MBO3) cells treated with craniospinal irradiation
and subsequently chemotherapy (cisplatin, vincristine and cyclophos-
phamide) were collected from the spinal cord following recurrence
(HD-MBO03-Re-sp) and used in this drug screen. b Major classes of
the compound library used in screen, where the numbers in paren-
theses specify the number of compounds from each class. ¢ Effects
on HD-MBO03-Re-sp cell viability following compound treatment.
Each point is the mean of two technical replicates for a single com-
pound, with percent viability calculated by dividing the cell viabil-
ity in the presence of the compound by that of DMSO-treated wells
for the respective row assayed. The dashed, blue line represents the
threshold by which cell viability is reduced by 50%. Error bars repre-
sent mean+ SD. d Stepwise workflow to triage screening hits include
BBB permeability via in silico software and reports of toxicity with
each tier indicating the number of compounds that met each criterion.
e Table summarizes the name, structure and targets of five top screen
hits. PI3K phosphoinositide 3-kinase, EGFR epidermal growth fac-
tor receptor, MAPK mitogen-activated protein kinase, CDC2 cyclin-
dependent kinase, FLT fms-like tyrosine kinase, JAK janus kinase,
AKT protein kinase B, CHK checkpoint kinase, KDR kinase insert
domain receptor, CDK cyclin-dependent kinase, PKC protein kinase
C, PLK polo-like kinase, GSK glycogen synthase kinase, /IGFIR insu-
lin-like growth factor 1 receptor, /KK I kappa B kinase, PIM proviral
integration site for moloney murine leukemia virus, TGFfR trans-
forming growth factor beta receptor

puromycin and benlinostat—a pan-HDAC inhibitor, as
positive controls for cell death. To optimize the screen,
HD-MBO03-Re-sp cells were plated at 500—2,500 cells/
well with either 1 uM puromycin, belinostat or DMSO
(0.1% total volume) for 48 or 72 h in one of three media
conditions (Supplementary Fig. 1a, b). Based on our pre-
vious work and review of the literature, we believed this
concentration would not be overly stringent and produce
a more suitable number of hits for further investigation.
There was no significant difference when comparing media
conditions (Z' = 0.71, 0.72, and 0.79 for NCC, DMEM,
and NCC + 10% DMEM, respectively for DMSO com-
pared to puromycin); however, the maximal separation
between controls was seen in 1 pM puromycin versus
DMSO at a cell density of 2,500 cells/well, following a
72-h incubation period (Supplementary Fig. la, b). We
proceeded with screening the 640 kinase library, which
includes a wide variety of those tested in preclinical and/or
clinical trials, as well as known patented or literature tool
compounds that have not yet been rigorously characterized
(Fig. 1b). All compounds were evaluated in duplicates at
1 uM. As expected, the screening demonstrated a normal
distribution with respect to cell viability (Supplementary
Fig. 1c). Screen hits were defined as having at least one
replicate reducing cell viability by 50% or more. A total
of 47 compounds from the 640 screened met this criterion,
which is indicated by the blue dashed line (Fig. 1c).

Distinguishing screen hits based on predicted
BBB-permeability

As MB originates in the brain, we reasoned that success-
ful compounds could be administered either alone or in
combination with standard chemoradiotherapy to impede
or suspend tumor progression and leptomeningeal metas-
tasis. We aimed to further triage the 47 hits based on
their blood—brain barrier (BBB) permeability via func-
tional studies. In silico software, Percepta (Supplemen-
tary Table 1) and SwissADME (Supplementary Fig. 1d)
were used for the analysis. Percepta (www.acdlabs.com/
products/percepta-platform) measures compounds’ toxic-
ity, physiochemical, in addition to absorption, distribu-
tion, metabolism, and excretion (ADME) properties. Its
BBB (termed CNS) permeability prediction platform
takes into account each compound’s rate of passive dif-
fusion, as well as distribution ratio of compound in brain
tissue and plasma. SwissADME (www.swissadme.ch)
is a web-based tool that involves the graphical Brain or
IntestinalL EstimateD permeation method (BOILED-Egg),
which is based on lipophilicity, established Wildman and
Crippen (WlogP) partition coefficient, and topological
polar surface area (tPSA) to predict the gastrointestinal
absorption and brain penetration of compounds [32, 33].
As predicted by one or both software packages, eight com-
pounds were selected; three of which were eliminated due
to prior reports of toxicity (Supplementary Fig. 1e). This
workflow is shown in Fig. 1d. The remaining five com-
pounds selected for further evaluation not only targeted
aggressive MYC-amplified Group 3 MB spinal cells from
recurrence, but were also predicted to penetrate the BBB
and not reported to be toxic. The targets and respective
compounds included Aurora kinase B (AURKB) with Hes-
peradin, polo like kinase 1 (PLK1) with BI 2536, CHK1
with both CHIR-124 and non-selectively with SB-218078,
as well as PDGFRp with JNJ-10198409 (Fig. le).

Top screen hits spare hNSCs while inhibiting growth
of recurrent metastatic MB BTICs

We validated these findings in an additional biologi-
cal replicate of Group 3y MB metastatic recurrence cells
(SU_MBO002-Re-sp) and performed dose response studies
on hNSCs to determine which compounds did not induce
neurotoxicity of healthy neural cells in vitro (Fig. 2). Cell
density assays—similar to those from the primary screen,
were conducted and again showed 2,500 cells/well densi-
ties resulted in the maximal readout values (Supplementary
Fig. 2). All compounds except BI 2536 demonstrated varied
responses in each Group 3y MB metastatic recurrence cell
lines. Nonetheless, each of the five compounds effectively
inhibited cell viability, whilst sparing hNSCs.
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Fig.2 Screened kinase inhibitors target metastatic Group 3y MB cells
at tumor recurrence, whilst sparing healthy neural cells. a B1 2536,
b CHIR-124, ¢ Hesperadin, d JNJ-10198409, and e SB-218078 kill
metastatic recurrent Group 3y MB cells (HD-MBO03-Re-sp and SU_
MBO002-Re-sp) at low nanomolar concentrations, but not neural stem
cells (hNSCs) after 72-h treatment. IC, values of each compound are
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To determine which compounds to pursue further, we
verified the results from the in silico BBB permeability
prediction analysis using an established in vitro BBB per-
meability assay, termed MDCKII assay. Of note, Percepta
predicted that all five compounds except CHIR-124 were
BBB penetrable, while SwissADME noted that CHIR-
124, INJ-10198409, and SB-218078 were likely BBB per-
meable. The MDCKII assay measures BBB permeability
and drug efflux. Compounds that undergo active efflux
would thereby be transported out of the brain [34]. As
hMDRI1 is an active efflux transporter, compounds that
act as its substrates would indicate poor BBB permeabil-
ity. For this experiment, hMDR1 KI and cMDR1 KO cells
were cultured on polyethylene terephthalate membrane
inserts as a monolayer. The cells orient themselves based
on polarity into apical and basolateral chambers, repre-
sentative of blood and brain, respectively (Supplementary
Fig. 3). Permeability of compounds from the apical (A) to
basolateral (B) chamber and the reverse was tested. The

renewing units via LDA assays were measured following drug treat-
ment at 0.1% ICg, concentration or DMSO for 72 h. Error bars rep-
resent mean+SD of at least three technical replicates, normalized
to DMSO. #*p<0.05, **p<0.001, ***p<0.0001; ****p<0.00001;
unpaired t-test

efflux for each KI and KO cell lines are measured from
the permeability ratio of B to A (P,,, BA) and A to B (P,
AB) (Supplementary Fig. 3). Those that are not hMDR1
substrates will have a lower KI/KO ratio—indicative of
effective brain penetration. We found that CHIR-124 (KI/
KO =1.0) and JNJ-10198409 (KI/KO = 0.8) had low KI/
KO ratios, while Hesperadin, BI 2536 and SB-218078
were more similar to the positive control for poor perme-
ability, dinacilib (Fig. 3a). With this validation, we aimed
to further investigate CHIR-124 and JNJ-10198409.

CHK1 & PDGFRp inhibitors significantly
impact self-renewal and proliferation
of treatment-refractory metastatic MB BTICs in vitro

To assess their role on BTIC properties, functional profil-
ing of these inhibitors upon ICg, treatment was performed.
These studies confirmed that the CHK1 inhibitor CHIR-
124 and the dual PDGFRf inhibitor INJ-10198409 target
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Fig.4 Ex vivo effects of CHIR-124 and JNJ-10198409 in MYC-
Amplified Group 3 MB cells. a Representative H&E and immunohis-
tochemistry (IHC) images of mouse brains and spines sections from
mouse xenografts of SU_MBO002 cells following either ICq, drug
or DMSO treatment in vitro. Brain and spine sections were stained
with hematoxylin and eosin (H&E) and CoxIV, respectively. Spine
slides are at 10X magnification. b Tumor burden was quantified
in brains (n>3 per cohort), as shown by measuring tumor area. In

the BTIC sub-population by significantly reducing cell
viability and self-renewal capacity of HD-MBO03-Re-sp and
SU_MBO002-Re-sp through in vitro secondary sphere forma-
tion and LDA (Fig. 3c—e). Additional dose response assays
were conducted to evaluate whether these inhibitors were
also potent in the parental (HD-MBO03 and SU_MB002) and
relapsed brain (HD-MBO03-Re-br and SU_MBO002-Re-br)
cells as a means for potentially, proactive treatment (Sup-
plementary Fig. 4). We also tested non-MYC-amplified,
non-Group 3 MB cells, DAOY (SHH MB) and ICb-1299
(Group 4 MB) to determine whether the compounds selec-
tively targeted this specific subgroup. Both CHIR-124 and
JNJ-10198409 demonstrated nanomolar to low micromo-
lar responses (Supplementary Fig. 5). While the greatest
effect was seen in DAOY cells following CHIR-124 treat-
ment, this ICs, dose was still 2.4 X larger than the highest of
those in the tested Group 3 MB cells. This may suggest that
CHIR-124 and JNJ-10198409 preferentially target MYC-
driven Group 3 MB lines but further validation is required.
Rather, the compounds appear to be more effective whether
in parental, relapsed brain or relapsed spine Group 3 MB
cells, compared to hNSCs and non-MYC-amplified, non-
Group 3 MB cells.

@ Springer

spine images only, excess white space between image and scale (mm)
was removed to ensure both spine and brain IHC images were simi-
lar in size. ¢ Prolonged survival benefit was indicated in CHIR-124
ex vivo-treated mice based on the Kaplan—Meier curves (n=>5 per
cohort). Error bars represent mean+SD. *p<0.05, **p<0.001,
*#*#%p <0.0001; ****p<0.00001; unpaired t-test or one-way ANOVA
with Dunnett's method for multiple comparisons

CHK1 inhibitor-treated MB cells formed smaller
tumors in vivo & showed increased mouse survival
compared to controls

To access the clinical utility of inhibitors, SU_MBO002
cells due to its proven reliability to generate tumors in
our previous studies, were treated with the drugs at ICg
or DMSO after which equal numbers of live cells were
injected intracranially into NOD SCID mice. At end-
point, mice were sacrificed to assess tumor burden of
brain and spine (Fig. 4a, b), along with survival (Fig. 4c).
As expected, quantification of DMSO control mice brains
demonstrated increased tumor burden, particularly in
comparison to CHIR-124 ex vivo mice. Treated cohorts
also exhibited survival benefit, compared to DMSO. Most
striking, CHIR-124 ex vivo treatment significantly pro-
longed survival, whereby 80% of mice remained alive at
155 days post-injection without signs indicative of end-
point; they were sacrificed only to examine brains and
spines. Spines from DMSO and JNJ-10198409 cohorts
showed human tumor cells as visualized by human Cox1V
staining, whereas CHIR-124 spines had complete absence
of tumor burden (Fig. 4a).
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Discussion

Current research primarily focuses on MB at diagnosis,
despite higher mortality rates in recurrent MB, specifically
in MYC-amplified Group 3 MB, where tumor recurrence and
metastasis are most common. The rare clinical opportunities
to collect these samples, the paucity of MB mouse models
for metastatic recurrence, and high failure rates of salvage
therapies highlight a pivotal gap in current research. There-
fore, our work aimed to elucidate effective drug candidates
targeting Group 3y MB metastatic recurrences. While our
study does not feature a broad spectrum of agents with vary-
ing mechanisms of actions, kinase inhibitors poised a prom-
ising drug category to explore given kinases’ pertinent role
in cell proliferation, migration, differentiation, and apopto-
sis. Metastatic MB samples even demonstrated upregulation
of kinase and growth factor signaling [17]. In conducting
a 640-kinase inhibitor HTS, we revealed 47 candidates,
which were eventually narrowed down based on in silico
and in vitro BBB-permeability, and reports of toxicity to two
top hits—CHK1 (CHIR-124) and PDGFRp (JNJ-10198409)
inhibitors. This was consistent with high CHK1 expression
correlating to poor clinical prognosis in Group 3y MB and
PDGFR} overexpression seen in metastatic MB [15, 19, 35].

Both compounds targeted recurrent Group 3y MB spine
cells from our prior PDX model and significantly diminished
stem cell properties of these BTIC-enriched cells. This is par-
ticularly important given that increased self-renewal capacity
in distinct clonal cells at MB diagnosis is postulated to led to
disease progression and dissemination [36, 37]. Also nota-
ble was that these compounds did not demonstrate toxicity in
healthy hNSCs with a difference in ICs values as high as 570-
fold for CHIR-124. Moreover, when completing dose response
assays in parental and our local recurrence MB PDX cell lines,
we anticipated that the ICy, concentrations of both compounds
would demonstrate a uniform, stepwise decrease from paren-
tal to relapsed brain or spine cells. However, this was only
the case for CHIR-124 in SU_MBO002 when compared to
SU_MBO002-Re-br and SU_MBO002-Re-sp; JNJ-10198409
showed a similar trend in HD-MBO3 relative to HD-MB03-
Re-sp (Supplementary Fig. 4). Although the compounds did
exhibit a response in non-MYC-amplified, non-Group 3 MB
cells,, the compounds were more effective at targeting both
the original and more aggressive, recurrent cells. This cou-
pled with prior studies of CHK1 inhibition complement-
ing radiotherapy in MYC-amplified cells and CHK1 deple-
tion enhancing MB cell sensitivity to cisplatin, suggest that
CHIR-124 warrants further investigation with multi-modal
therapy in MYC-amplified Group 3 MB metastatic recurrences
[35, 38, 39]. A recent HTS in commercially-available, pri-
mary Group 3 MB cell lines demonstrated synergy between
CHK1/2 inhibition and DNA-damaging chemotherapies [40].

In addition, an ongoing clinical trial for recurrent SHH, Group
3 and Group 4 MB patients evaluating another CHK1 inhibi-
tor (LY2606368) in combination with cyclophosphamide or
gemcitabine provides validation of our findings [41].

Furthermore, results from our ex vivo experiment suggest
that CHIR-124 may target the migratory BTIC population
prior to injection, leading to such survival benefits. How-
ever, additional mouse experiments are warranted to provide
further validation. Moreover, an extensive safety profile and
pharmacokinetic/pharmacodynamic would allow optimi-
zation of dosage and schedule to Group 3 MB, given that
both CHIR-124 and JNJ-10198409 are orally bioavailable
and well-tolerated in breast and colon cancer PDX models,
respectively [42, 43].

Overall, this study provides preclinical insight on two
promising inhibitors that target Group 3y MB metastatic
recurrence, which has yet to be fully studied. Future charac-
terization of these inhibitors, especially CHIR-124 in com-
binatorial therapy, would indicate their clinical utility in
treating patients who have limited options available beyond
current, ineffective salvage therapies.
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