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SUMMARY

Li-Fraumeni syndrome (LFS) is characterized by constitutional pathogenic TP53 mutation and increased risk
of cancer development, including Sonic Hedgehog-activated medulloblastoma (SHH-MB). In LFS patients,
radiation and DNA-damaging agents can exhibit lower efficiency and cause secondary malignancies. To
identify efficacious, safe chemotherapeutic approaches for LFS-associated SHH-MB, 333 compounds
were screened in in vitro TP53™" brain tumor cell lines. The combination of WEE1 inhibitor adavosertib
and vinca alkaloid vincristine demonstrated the highest activity, which was validated in TP53™"* SHH-MB pa-
tient-derived organoids. Low genotoxicity of these compounds was determined in vitro in LFS fibroblasts,
and in vivo in the LFS mouse model. Despite the drugs’ limited efficacy in the in vivo PDX model, WEE1 knock-
down led to significant growth reduction in in vitro and in vivo TP53™" SHH-MB models. Our findings identify
WEE1 as a promising target in LFS SHH-MB, suggesting its inhibition combined with vincristine treatment as
a potential chemotherapeutic strategy.
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INTRODUCTION

Li-Fraumeni syndrome (LFS), first described by Frederick Pei Li
and Joseph F. Fraumeni, Jr. in 1969, is a frequently diagnosed
cancer predisposition syndrome (CPS) with incidence rate be-
tween 1:5,000 and 1:20,000 worldwide.”® In the majority of
affected individuals, constitutional mutations of the TP53 gene,
encoding an important tumor suppressor, are found.*° The can-
cer spectrum in LFS patients mostly consists of sarcoma, breast
cancer, adrenocortical carcinoma, and brain tumors.®® In pedi-
atrics, TP53 mutated (TP53™") Sonic Hedgehog-activated me-
dulloblastoma (SHH-MB), is the most common LFS-associated
brain tumor that renders a dismal prognosis.®'°

Challenges in cancer therapy of LFS patients extend
beyond an increased cancer risk. While several detailed
screening and surveillance protocols for individuals with LFS
have been tested and implemented into clinical practice,'™"®
a uniform agreement on the therapeutic anti-neoplastic strat-
egy for LFS-associated cancer is lacking. The majority of con-
ventional cancer treatment regimens rely on chemotherapy
and radiation causing DNA damage. Extensive and persistent
DNA strand breaks frequently trigger cell death via apoptosis.
Hence, due to the underlying defect in response mechanism
to DNA damage, LFS patients commonly show poor response
to this conventional treatment.®'"'* Moreover, multiple re-
ports support the causal relationship between DNA damaging
agents and secondary malignancies in LFS patients.'>"”
Thus, novel treatments for LFS-tumors that are both effective
and non-toxic to non-cancerous tissues are urgently needed.
Combination treatments are considered more beneficial than
single drugs, as application of two or more drugs enhances
efficacy by targeting multiple pathways, decreases risk of
cross resistance and addresses intra- and intertumoral
heterogeneity.'®

In this study, we searched for drugs effective in LFS-associ-
ated MB tumors that efficiently reduce viability of cancer cells
without causing genotoxic stress in non-cancerous tissues.
First, a comprehensive drug library was screened in vitro in
two TP53™ brain cancer cell lines and non-cancerous LFS fi-
broblasts. Next, the results were validated in vivo in TP53™ut
SHH-MB PDX and the LFS mouse model. The identified novel
chemotherapeutic approach may broaden therapeutic options
for LFS-associated SHH-MB and improve patient outcomes in
future clinical trials.

RESULTS

In vitro drug screen identifies several effective drug
groups in LFS-associated brain cancer cell lines

A high throughput drug screen was performed to identify an
effective and non-toxic drug combination (Figure 1A). The library
for drug screening purpose consisted of 333 compounds target-
ing 61 different human proteins (Figure 1B). More than half of
compounds (56.8%) belonged to the class of kinase inhibitors.
Furthermore, the library included conventional chemotherapeu-
tics (15.6%), rapalogs (5.1%), differentiating or epigenetic mod-
ifiers (9.9%), apoptotic modulators (6.6%) and metabolic modi-
fiers (1.5%), and others (4.5%) (Table S1). The majority of

2 iScience 29, 114564, February 20, 2026

iScience

compounds (79%) was either approved or tested in clinical trials
in year 2025 (Table S1).

A single-replicate limited concentration range single drug
screen was performed in two TP53™ brain tumor cell lines,
SJGBM-2 (TP53 p.R273C) and UW228-2 (TP53 p.T155N)
(Figure 1A and Table S2). Drug Sensitivity Score 3 (DSS3)"®
was chosen as a parameter for determining the effectiveness.
If DSS3 was equal or above 20 in both cell lines, a compound
was considered effective and a positive hit. This criterium was
fulfilled by 66 compounds (Figures 1A, 1C; Table S1).

Comparing results in the two brain cancer lines, UW228-2 was
significantly less sensitive overall than SJ-GBM2 (median DSS3
9.5 and 1.3, respectively; Wilcoxon test: p < 0.05). Differences
in DSS; values were statistically significant for drug classes A
(conventional chemo), B (kinase inhibitors), E (differentiating or
epigenetic modifiers), and G (apoptotic modulators). Regarding
specific drug targets, the greatest differences in median DSS3
values were observed for inhibitors targeting PI3K, AKT, and
DNA-PK—where UW228-2 cells exhibited higher sensitivity
compared to SJ-GBM2—and for inhibitors targeting E3 ligase,
Aurora kinase, and CDKs, for which SJ-GBM2 cells demon-
strated greater sensitivity than UW228-2.

Kinase inhibitors and microtubule-associated
compounds have minor cytotoxic and genotoxic effects
in LFS non-cancerous cells in vitro

The 66 most effective compounds were tested in non-cancerous
LFS fibroblasts under the same conditions as the cancer cell
lines. Twenty-four compounds, for which DSS3 did not exceed
10 and dDSS; (difference between DSS; in cancerous and
non-cancerous cell lines) was greater than 20, were determined
as non-cytotoxic for non-cancerous cells (Figures 1C and S1A;
Table S1). Four compounds (clofarabine, floxuridine, azathio-
prine, and methotrexate) were excluded from the further testing
due to their previously described DNA damaging properties in
LFS in vitro and in vivo models,*®?" resulting in 20 compounds
screened for genotoxicity.

To test drug hits from the cytotoxicity screen for potential gen-
otoxic effects, the micronucleus test (MNT) was performed as a
genotoxic screen to measure micronuclei formation upon treat-
ment in LFS fibroblasts (Figure 1D). All compounds for which
MNT scores were significantly different from the positive control
mitomycin C (MMC) (p < 0.05) were defined non-genotoxic.
Out of 20 compounds, 11 showed no genotoxic effects in LFS fi-
broblasts (Figure 1E and Table S3). For microtubule-associated
compounds, micronucleation caused by chromosomal
breakage could not be distinguished from that resulting from
their known mechanism of action - interaction with tubulin lead-
ing to mitotic spindle dysfunction (Figure S1B and Table S3).
These three microtubule-associated compounds were nonethe-
less included in further tests, based on previous studies demon-
strating that these compounds do not induce significant DNA
damage leading to tumorigenesis in TP53™" cells.?*22

The remaining 14 drug hits were re-evaluated (Figure 1F) in the
two TP53™! brain tumor cell lines (SJGBM-2 and UW228-2) and
LFS fibroblasts in triplicates using a wider concentration range
(0.1-10,000 nM). Compounds that did not reach the maximum
effect (Emax) > 50% in cancer cell lines were subsequently



iScience ¢? CellPress
OPEN ACCESS

Single drug screen
in cancer cell lines
Single drug screen Classes
in LFS fibroblast .
. A.. Conventional Chemotherapy

ey B. Kinase inhibitors

C. Rapalogs

E. Differentiating/epigenetic modifiers
ﬁ‘ﬂg';::‘;[‘ﬁlﬁlrn':" G. Apoptotic modulators

H. Metabolic modifiers
Validation in TP53™ SHH-MB
patient-derived organoids X. Others

E
s4 Interpretation
¢ GENOTOXIC — MMC
DMSO ¢ NON-GENOTOXIC =—— DMSO
e
8 | 1t
@D t t
'_
P
=
| ¢
—p
MmMC 0.
o0 WL ¥ 0 O © ¥ 0 N © O 2 © % K — O
= © (] ‘L m ™ = ‘L © oy = = o™ [{e] [se} o™ =
= ™ - = = ~ o = ~ ~~ ‘&) o ['e} o (=2} (=} @
B —— = L © 9o F M~ W o K~ @ 5 oo N - O M g
2y :E588080¢8¢808 558
100 ym o a* 7T T EEY gz 20 ¢
w o 2 w < O Z 3
F < &
32} b3 © a £
[1s] o] _ ) = =
8 8 © © K o £ ¥ £ =2 2 g
5 1 1 FE % 2 3z £ & 3 8 S
o % a 9 T 2 = o ] E u § DSS; Target
2 P b X o & s £ S a » < 60 g ATM/ATR
40 _ CHK1/2
M EGFR
20 [l Microtubule
SJ-GBM2 B Pi3K
=0
W RAF
W WEE1
uw228-2

. LFS fibroblast
Figure 1. Single drug screen in LFS in vitro cell line models
(A) Drug screening pipeline (n, number of compounds; TP53mut SHH-MB, TP53-mutated SHH-activated MB) (Created by BioRender.com).
(B) Drug library composition (see also Table S1).
(C) Targets of single drug screen hits (drug classes: A, conventional chemotherapy; B, kinase inhibitors; E, differentiating/epigenetic modulator; X, other): the size
of each rectangle reflects the number of compounds in a given group of drugs targeting a specific pathway, function or protein, names in the lower right corners
correspond to drug targets (see also Figure S1A).

(legend continued on next page)
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excluded. Eight drugs reached an E,.x > 50%: two ATM/ATR in-
hibitors (AZD6738 and BAY-1895344), two CHK1/2 inhibitors
(PF-477736 and AZD7762), WEE1 inhibitor (adavosertib), and
three microtubule-associated compounds (lexibulin, paclitaxel,
and vincristine) (Figures 1F and S1C and Table 1).

The combination of WEE1 inhibitor adavosertib and
vincristine decreases cell viability in LFS-associated
brain tumor cells in vitro
Combinations of the selected compounds (five kinase inhibitors
and two microtubule-associated compounds) were investigated
in the previously used cancer cell lines (SJ-GBM2 and UW228-2)
(Figure 2A). Due to their low clinical relevance for pediatric brain
tumor treatment, the microtubule-associated drugs lexibulin and
paclitaxel were replaced in the combination screen by vinblas-
tine, a vinca alkaloid commonly used in MB therapy. ATM,
ATR, CHK1, CHK2, and WEE1 inhibitors were not combined
with each other due to targeting of the same cell cycle check-
point pathway. Combinations with both vinblastine and vincris-
tine were additive and never antagonistic by synergy score
(Figure 2A and Table S4). Based on the consensus ranking the
most efficient combinations were adavosertib plus vincristine
and BAY-1895344 plus vincristine (Table S4). Both drugs had
similar effects in LFS SHH-MB model (UW228-2) and non-malig-
nant control (LFS fibroblasts): DSS in UW228-2 for adavosertib
and BAY-1895344 were 10.4 and 12.8, respectively, whereas
in LFS fibroblasts DSS was 0 for both compounds (Figure S1D).
Toincrease clinical relevance we analyzed published results of
clinical trials®*~2° and reported blood tumor barrier (BTB) pene-
tration®®?” of the WEET inhibitor adavosertib and the ATM/ATR
inhibitor BAY-1895344. Considering the total number of
clinical trials (adavosertib: 61, BAY-1895344: 9, access date:
26.05.2023), the number of clinical trials including pediatric
patients (adavosertib: 5, BAY-1895344: 1, access date:
26.05.2023) as well as reported intra-tumoral drug concentra-
tions (adavosertib in GBM patients: 858 nM,?® BAY-1895344 in
mice: 495 nM?’) we concluded that adavosertib had a higher po-
tential than BAY-1895344 for immediate implementation as part
of LFS SHH-MB treatment regimen. Consequently, adavosertib
was chosen as a combination partner for all further experiments.
Adavosertib directly targets WEE1, a kinase responsible for
G2/M cell cycle checkpoint transition. Inhibition of WEE1 in
TP53-negative cancer cells leads to persisting DNA damage,
replication stress and in consequence mitotic catastrophe?®~°
(Figure 2B). We demonstrated on-target activity of adavosertib
in two cell lines, showing reduced levels of CDK1 phosphoryla-
tion following adavosertib exposure (Figure 2C).

TP53™"! SHH-MB growth is dependent on WEE1 activity
To confirm target dependence on WEE1 activity of TP53™" brain
tumor cell growth, endogenous WEE1 protein was knocked

iScience

down (KD) in two TP53™ brain tumor cell lines (SJGBM-2 and
UWw228-2). Upon siRNA-mediated knockdown (Figure S2A) cells
transfected with siRNA targeting WEE1 showed significantly
reduced growth compared to the control (SJ-GBM2: mean
viability: 25.5%, p < 0.05, UW228-2: mean viability: 70.3%,
p < 0.01) (Figure 2D). The combination of low concentration of
vincristine (VCR, 0.5 nM) and WEE1 KD in UW228-2 was signif-
icantly more effective than single treatments (VCR: mean
viability: 80.2%, siWEE1+VCR: mean viability: 61.8%, VCR vs.
siWEE1+VCR: p < 0.001, siWEE1 vs. siWEE1+VCR: p < 0.01)
(Figure 2D). In SJ-GBM2 cell line the difference in viability was
significant only when comparing single treatment with vincristine
and combination treatment (VCR: mean viability: 62.9%, si-
WEE1+VCR: mean viability: 16.2%, VCR vs. siWEE1+VCR:
p < 0.01, sSIWEE1 vs. siWEE1+VCR: p > 0.05) (Figure 2D). Bliss
synergy score was —0.2 in SJ-GBM2 and -5.14 in UW228-2,
suggesting an additive effect in both cell lines.

Knockdown of WEE1 kinase also significantly activated
caspase-3 in both SJ-GBM2 and UW228-2 cell lines. Treatment
with VCR did not influence caspase-3 activity, in line with the
compound’s cytostatic rather than cytotoxic effect in TP53™M"
cancer cells, and did not reduce the pro-apoptotic effect of
WEE1 KD (Figure 2E).

Two additional WEE1 inhibitors, Debio 0123 and ZN-c3, were
tested in TP53™ brain cancer cell lines. The efficacy of these
compounds was comparable with efficacy of adavosertib (ICsp:
SJ-GBM2: adavosertib: 43.4 nM, Debio 0123: 147.1 nM, ZN-
c3: 69.7 nM, UW228-2: adavosertib: 272.7 nM, Debio 0123:
270.5nM, ZN-c3: 271.1 nM) (Figure 2F). Similarly to adavosertib,
Debio 0123 and ZN-c3 showed additive interaction in combina-
tion with vincristine (Figure 2G).

Validation of drug hits was performed in in vitro TP53™"
SHH-MB patient-derived organoids

Subsequently, the combination of adavosertib and vincristine
was validated in TP53™* SHH-MB patient-derived organoids
(PDOs), to increase the clinical relevance of our findings. In all
three PDO models tested, additive and no antagonistic effects
were observed, with synergy scores ranging from —6.35 to
2.52 (Figures 3A and S2B), confirming our findings from estab-
lished cell lines. Of note, the efficacy of vincristine as a single
compound with respect to reduction of metabolic activity in
PDOs was smaller (mean ICsq: 6.8 nM, range: 1.38-11.9 nM)
(Figure 3B and Table S5) compared to the established cell lines
(SJ-GBM2 IC5¢: 1.1 nM, UW228-2 IC50: 0.9 nM). In case of ada-
vosertib, the PDOs exhibited higher ICso values (mean ICsp:
166.5 nM, range: 117.4-215.3 nM) than SJ-GBM2 (ICsq:
43.4 nM), and lower than UW228-2 (IC5q: 272.7 nM). Such differ-
ences are indeed often seen in drugs highly dependent on cell
cycling, relevant for both compounds, when comparing estab-
lished 2D cell lines (in this case SJ-GBM2 with a 3- to 8-fold lower

(D) Micronucleus assay (MNT) images of LFS fibroblasts exposed to DMSO (negative control) and mitomycin C (MMC, positive control); arrows indicate

micronuclei; scale bars, 100 pm

(E) MNT scores of single drug screen hits: horizontal lines: MMC, median MNT score for the positive control (MMC); DMSO, median MNT score for the negative
control (DMSO); vertical lines: median MNT scores with 95% confidence interval for tested compounds (see also Figure S1B and Table S3).
(F) Results of “validation in established cell lines” step performed in in vitro LFS models (DSS3, Drug Sensitivity Score 3): data are represented as mean values (see

also Table 1 and Figure S1C).
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Table 1. Validated single drug screen hits in established in vitro LFS cancerous and non-cancerous cell lines

Compound Target SJ-GBM2 DSS; SJ-GBM2 Eax UW228-2 DSS3 UW228-2 Eax LFS fibroblast DSS3
AZD6738 ATM/ATR 12.7 94.8 10.5 67.5 0.0
BAY-1895344 ATM/ATR 46.2 95.3 12.8 741 0.0
AZD7762 CHK1/2 421 99.5 185 97.0 0.9
PF-477736 CHK1/2 19.3 99.2 13.5 77.8 3.5
Lexibulin microtubules 31.5 92.4 21.4 64.8 5.6
Paclitaxel microtubules 47.8 90.6 35.1 87.5 0.0
Vincristine microtubules 59.5 92.5 37.4 52.2 0.0
Adavosertib WEE1 26.1 98.1 10.4 89.1 0.0

DSS3, Drug Sensitivity Score 3; Epax, maximum effect.

IC50) with 3D PDOs: organoid models tend to proliferate and cy-
cle at a slower rate, show different expression patterns and
impaired drug penetration into the 3D structure®'**? resulting in
lower sensitivity of PDOs ex vivo. In summary, an additive effect
of adavosertib and vincristine treatment on metabolic activity
was observed in all three TP53™* SHH-MB PDOs tested.

WEE1 expression and adavosertib sensitivity score are
high in SHH-MB tumors compared to other pediatric
brain tumor entities

Target and predictive biomarker expression was studied in pub-
lished datasets of primary pediatric brain tumors. Analysis of
Roth®® and Northcott® cohort mRNA expression data showed
that WEE1 mRNA levels are significantly higher in MB tumors
compared to normal cerebellum (Figure 4A), and highest in
SHH-MB among all MB (p < 0.01) (Figure 4A). Within SHH-MB,
SHH-a (SHH_3, which contains the LFS-MB cases), -p
(SHH_1), and -8 (SHH_4) had the highest expression of WEE1
mRNA (Figure 4B).

Since previous studies have shown an ambiguous relation be-
tween WEE1 expression and adavosertib sensitivity in different
cancer types,® 9 we strengthened our analysis using a vali-
dated signature reflecting adavosertib sensitivity for pediatric tu-
mors.*® Primary MB had significantly higher adavosertib sensi-
tivity score (AdSS) than most pediatric brain tumors (p < 0.01),
only similar to atypical teratoid rhabdoid tumors (ATRT) (n.s.)
(Figure 4C). While the AdSS for SHH-MB was similar to WNT
and Group 3 and higher compared to Group 4 (p < 0.001)
(Figure 4D), the SHHa (SHH_3) subgroup (which includes the
LFS-MB cases) had the highest AdSS among all SHH-MB sub-
groups (p < 0.01) (Figure 4E). TP53 mutation alone was not asso-
ciated with higher sensitivity score in MB (Figure S2C), confirm-
ing data from clinical trials including adavosertib, which showed
that TP53™ was not a predictive biomarker.*®

Reduction of WEE1 activity limits growth of TP53™"*
SHH-MB PDX models in vivo

In vivo treatment of the LFS-associated SHH-MB DKFZ-BT084
PDX with adavosertib and VCR had no significant effect on either
tumor growth or animal survival (log rank test: p > 0.05;
Figures 5A and 5B). Median lifespan since tumor detection in
each treatment group was respectively: control: 17.5 days, ada-
vosertib: 9 days, vincristine: 20.5 days, combination: 28 days. To
evaluate in vivo on-target effect of adavosertib phosphorylation

of CDK1 was quantified in two other LFS SHH-MB PDX models.
No difference in p-CDK1 levels was observed between samples
treated with adavosertib and VCR and those in the control group
(Figure 5C). This result indicates a lack of on-target activity of
adavosertib, possibly because of low blood-brain barrier (BBB)
penetration, explaining the lack of efficacy of the drug in vivo.

To confirm the in vivo dependence on WEE1 activity, tumor
formation and growth dynamics of LFS SHH-MB PDX model
LFS primary upon stable knock-down of WEE1 by expression
of shRNA were evaluated. Out of five mice, three (60%) devel-
oped a tumor, whereas in control group, injected with LFS
SHH-MB PDX with shSCRAMBLE, all five mice (100%) devel-
oped tumor (Fisher’s exact test: p = 0.44; Figure 5D). There
was a significant difference in survival, as all five mice from the
control group died due to tumor development during observation
period, while two mice in the WEE1 KD group remained alive
(p = 0.044; Figure 5E).

Adavosertib and vincristine do not show toxicity in LFS
mouse model

An important filtering criterion of the initial drug screen was gen-
otoxicity, with the aim to find drugs not toxic for DNA damage
prone LFS patients. To investigate the possibility of toxicity in
LFS patients, adavosertib and VCR were tested in a Trp53*/~
LFS mouse model (Trp53'™'™/J). During the treatment and
observation period, the animals did not show side effects and
maintained constant weight (Figure S3A). Survival in the control,
single-drug and combination treatment groups, respectively,
was 100% (Figure S3B). Moreover, autopsies of the animals
showed no macroscopic changes in the organs indicative of
tumorigenesis. No abnormalities were found by histological
evaluation of brain, kidney, liver, and spleen tissue. No statistical
differences in number of yH2AX-positive nuclei in these
organs between the control and treatment groups were
observed (Figures S3C and S3D). These results indicate low to
no genotoxicity or organ-specific toxicities in the Trp53-deficient
mouse model upon treatment with VCR, adavosertib, or their
combination.

DISCUSSION
In this study, we evaluated 333 compounds as possible novel

treatment options against LFS-associated MB. The results indi-
cated the most effective, non-toxic drug combination to be the
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Figure 2. Drug combination screening and drug hits validation in in vitro TP53™"! brain cancer cell models

(A) Average synergy scores estimated for combinations of cell cycle checkpoint kinase inhibitors and micronucleus-associated compounds across TP53™! brain
cancer cell lines; black points indicate the average value across all calculated synergy scores (ATM/ATRI, ATM/ATR inhibitors; CHK1/2i, CHEK1/CHEK2 in-
hibitors; WEE1i, WEE1 inhibitor; VBL, vinblastine; VCR, vincristine) (see also Table S4).
(B) Model representing mechanism of action of adavosertib in TP53"! and TP53™" cancer cells exposed to DNA damaging agents (Created with BioRender.com).
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Figure 3. Drug hits validation in in vitro TP53™" SHH-MB PDO cultures
(A) Synergy scores estimated for adavosertib and vincristine combination in in vitro TP53™* SHH-MB PDO cultures (see also Figure S2A and Table S5).

(B) Dose-response curves of adavosertib and vincristine in in vitro TP53™ SHH-MB PDO cultures: data are represented as mean + SEM (literature sources of
Cmax Values are indicated in Table S1).

WEET1 inhibitor adavosertib plus the vinca alkaloid vincristine.
Both compounds did not cause genotoxic effect in in vitro and
in vivo models of LFS, and their combined effect on cancer cell
lines was classified as additive. Despite a lack of in vivo efficacy
of the chosen drug combination, genetic WEE1 KD in an in vivo
PDX model led to reduction of tumor growth, as well as
increased survival of immune-deficient mice, proving WEE1 as
a promising target in LFS-associated SHH-MB. Importantly,

the mechanism of adavosertib and vincristine combination might
not be specific for TP53™“* SHH-MB: while TP53™" cancers are
sensitive to it, non-mutated cancers might respond as well. The
low or absent genotoxicity of adavosertib and VCR indicate the
possibility of testing them in other LFS-associated cancer en-
tities in follow-up studies.

We provided evidence that TP53™" SHH-MB tumor growth is
dependent on WEE1 activity both in in vitro and in vivo setting.

(C) Adavosertib (adav) decreases CDK1 phosphorylation levels in SJ-GBM2 and UW228-2 cell lines; Student’s t test was used for statistical analysis, data are

represented as mean + SEM (At, exposure time; *p < 0.05; **p < 0.01).
(D) WEE1 knockdown (KD) and vincristine (VCR) effect on metabolic activity
(siContr, control siRNA; siWEE1, WEE1 siRNA; NS, not significant; “o < 0.05;

of in vitro TP53™"! brain cancer cell lines: data are represented as mean + SEM
**p < 0.01) (see also Figure S2C).

(E) WEE1 KD and VCR effect on in vitro caspase-3 activity in TP53™" brain cancer cell lines: data are represented as mean + SEM (NS, not significant; *p < 0.05;

**p < 0.01) (see also Figure S2C).

(F) Dose-response curves of WEE1 inhibitors (adavosertib, Debio 0123, and ZN-c3) in in vitro TP53™" brain cancer cell lines: data are represented as mean =

SEM.

(G) Synergy scores of vincristine and WEE1 inhibitors combination treatment in in vitro TP53™" brain cancer cell lines: data are represented as mean.
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Figure 4. WEE1 as a therapeutic target in pediatric brain tumor entities
(A) WEE1 mRNA expression in MB tumors by methylation group (MB dataset: Northcott [n = 491],°* cerebellum dataset: Roth [n = 9]*°).

(B) WEE1 mRNA expression in MB subgroups (Cavalli [n = 763]°°).

(C) Adavosertib sensitivity score in pediatric brain tumors (Petralia [n = 218]°°).

(D) Adavosertib sensitivity score in MB groups (Cavalli [n = 763]%°).

(E) Adavosertib sensitivity score in MB tumors by methylation group (Cavalli [n = 763]°*°) (see also Figure S2B).
Data are represented as mean + SEM (Student’s t test significance levels: NS, not significant; *p < 0.05; **p < 0.01; **p < 0.001).

From a mechanistic point of view, TP53 mutations and conse-
quent defects of G1/S cell cycle checkpoint control make LFS
cells more resistant to chemotherapy.*’** At the same time,
these aberrations make fast-dividing cancer cells dependent
on G2/M checkpoint control for completing DNA damage repair
before entry into mitosis phase. By targeting WEE1, a kinase
controlling G2/M checkpoint transition, adavosertib causes pre-
mature entry into mitosis, which exacerbates genomic instability
and leads to mitotic catastrophe (Figure 2B).?%**%* For this
reason, many studies proposed TP53 mutations as a potential
biomarker for adavosertib sensitivity*>*%; however, clinical trials
in adult patients showed conflicting results.*”~°

Currently used therapeutic approaches, composed mostly of
conventional chemotherapy, fail to ensure long-term progres-
sion-free survival in LFS SHH-MB patients (5-year progression-
free survival: 20%).'° Vincristine is commonly used as part of
the TP53™" SHH-MB treatment regime,'®°°°" whereas adavo-
sertib is currently being tested in early clinical phase trials in pe-
diatric brain malignancies (NCT02095132).%*? To date no signif-
icant benefits for MB patients treated with WEE1 inhibitor were
observed, however, no information is available on TP53™“
SHH-MB specifically.

WEE1 seems to be an attractive target in medulloblastoma
(MB): a systematic literature review by Keller et al. (2022)*° found
that inhibitors of WEE1 and other cell cycle kinases are the most
promising therapeutics in MB as single agents as well as in com-
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bination with chemotherapy and radiotherapy (RT). Finally, a
study by Harris et al. using integrated genomic analysis also
identified WEE1 as an actionable target in MB.?°

One of the key factors limiting the use of specific compounds
in MB therapy is the BBB. Previous studies have already
described BBB penetrance of adavosertib in in vivo setting. Po-
korny et al. showed that the drug distribution in an orthotopic
GBM PDX model was heterogeneous and relatively low
compared to adavosertib blood levels (5%).°° These findings
are consistent with the results of the phase I clinical trial in two
adult GBM patients (NCT01849146).>* In contrast, pharmacoki-
netic (PK) analysis in a different cohort of GBM patients indicated
good BBB penetration of adavosertib after a single oral dose
(median unbound drug tumor-to-plasma concentration ratio:
3.2).2555 Noteworthy, glioblastomas tend to have a fenestrated
vasculature,”®°” whereas SHH-MB are characterized by an
intact BBB,®°° which, in combination with the limited ability
of adavosertib to penetrate the BBB, could potentially hinder
its use in SHH-MB therapy.

Studies in in vivo models of brain tumors show that while ada-
vosertib as a single drug or in combination with chemotherapy
inhibits growth of subcutaneously injected brain cancer
cells,?®*34451 its efficacy varies in intracranially injected tu-
mors.**2%% |n the studies by Pokorny et al.>® as well as Moreira
et al.,®* orthotopic models were less sensitive than heterotopic
models, supporting the concept that BBB permeability plays a
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Figure 5. In vivo validation of adavosertib and vincristine (VCR) in LFS SHH-MB models
(A) Survival of mice injected with BT084 patient-derived xenograft (PDX) model during treatment with adavosertib and VCR; log rank test was used for statistical

analysis.

(B) Tumor growth dynamics of BT084 PDX model during treatment with adavosertib and vincristine (VCR): data are represented as mean + SEM.
(C) Phospho (p)-CDK1 in LFS SHH-MB PDX cells (HS231222 and LFS primary) following in vivo treatment with adavosertib and VCR: numbers below the blot

represent normalized fold change relative to non-treated control.

(D) Tumor growth dynamics of LFS MB PDX models expressing WEE1 shRNA (shWEE1) and control shRNA (shSCRAMBLE).
(E) Survival of mice injected with LFS MB PDX models expressing shWEE1 and shSCRAMBLE; log rank test was used for statistical analysis.

significant role in adavosertib PK limiting drug concentration at
the tumor site. Altered BBB structure in SHH-MB PDX
models®>°” makes unambiguous interpretation of these results
even more difficult. Our study proved that WEE1 is an attractive
target, hence, further efforts should be focused on developing
new BBB-penetrant WEE1 inhibitors. Currently a few potential
candidates are in clinical development, including ZN-c3
(NCT04158336) and Debio 0123 (NCT03968653),°® which in
our study showed similar efficacy in TP53™ brain tumor models
to adavosertib. Moreover, in vivo testing of Debio 0123 in an or-
thotopic GBM model yielded positive results and indicated its
ability to cross BBB.®° Other in vivo studies are also currently
exploring novel drug delivery systems involving nanopar-
ticles”®"" or polymer micelles.”>”"* Alternatively, non-invasive
techniques such as focused ultrasound with microbubbles, un-
der ongoing clinical evaluation in gliomas, may improve the
BBB penetrance of WEE1 inhibitors.”® Identification of LFS-spe-
cific biomarkers for adavosertib sensitivity could help enhancing
its therapeutic potential, however, these efforts may be impeded
by the small number of LFS SHH-MB patients.

An important issue in the implementation of new therapies for
patients affected by CPS is genotoxicity of therapeutic sub-
stances. In LFS patients treated with DNA damaging agents
the risk of secondary cancers is highly elevated,'®™"" therefore,

we examined the ability of the drug hits to cause DNA double-
strand breaks and persisting DNA damage. Despite its radio-
and chemosensitizing properties, the results of clinical trials
did not determine whether adavosertib treatment alone could
cause DNA damage.””"®"" In this study, extended exposition
to adavosertib did not result in increased yH2A.X foci or micronu-
clei formation in non-cancerous LFS cells. Vincristine as microtu-
bule-associated compound may produce inconclusive results in
MNT,?? however, previous studies showed that vinca alkaloids
do not induce significant amount of DNA damage and cancero-
genesis in in vitro and in vivo LFS models.***' Moreover, we did
not observe any side effects or organ-specific toxicities in the
LFS mouse models upon treatment with adavosertib and vincris-
tine linked to the Trp53-deficient background. Based on our find-
ings, we conclude that adavosertib and vincristine can be safely
included into treatment regimens of LFS patients.

A potential shortcoming of preclinical studies like the one pre-
sented here is the choice of models, which may limit the translat-
ability of the pre-clinical data. Indeed, the number of robust and
faithful in vitro TP53™ "t SHH-MB models is very limited. To date,
the search for specific and targeted clinical therapies for SHH-
MB did not yet render promising results. A study by Pak et al.
showed that HDAC inhibitors are promising combination part-
ners in SMO inhibitor-resistant MB tumors,’® but these findings
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have yet to be confirmed by clinical trials, in particular in SHH-
MB.”® In the study by Endersby et al., CHK1 inhibitors were
proven effective in Group 3 MB, but not TP53™" SHH-MB PDX
model.®° Simovic et al. proved high in vivo efficacy of carbon
ion RT in LFS SHH-MB, but its efficacy was not improved by
combination with PARP inhibitors.”® Of note, the clinical value
of RT is reflected in our clinical LFS-MB series, indicating that
RT prolongs survival.'® Regarding therapy in other LFS-associ-
ated brain tumors, in Reed et al. a comparative transcriptom-
ics-based precision medicine platform identified STAT1/STAT2
overexpression and ruxolitinib sensitivity in an LFS glioblastoma
patient, leading to personalized treatment and disease
stabilization.”®

To find novel and efficient cancer therapies patient-derived
models are often used for screening purposes. This approach
allows to search for targetable “drivers” relevant for a specific
patient or a small patient group. In preclinical studies great
importance is given to testing compounds in in vivo setting
such as genetically engineered animal models and patient-
derived xenografts (PDX).2'®° Furthermore, organoid-based
ex vivo assays are also gaining popularity, as a functional
precision medicine approach, in many clinical trials®
(NCT03896958, NCT03336931, NCT03133273).

In conclusion, we identified two drug hits, the WEE1 inhibitor
adavosertib and the vinca alkaloid vincristine, by a drug
screening process and validation, potentially suitable for transla-
tion into clinical trials for the treatment of LFS-MB. This combina-
tion showed relatively low genotoxicity in LFS non-cancerous
cells in vitro, and high efficacy in LFS-associated SHH-MB
models. The safety profile of this drug combination was
confirmed in vivo in a genetic LFS mouse model. However, the
in vivo effectiveness of the selected drug combination was not
validated in our study. Based on these findings presented
here, a WEE1 inhibitor could be included into treatment regimens
of LFS-associated SHH-MB as a combination partner for vincris-
tine, provided the BBB penetration could be improved. Clinical
studies are required to test the combination of vincristine and a
BBB-penetrant WEE1 inhibitor in LFS SHH-MB, as well as
possibly in other LFS-associated tumor entities.

Limitations of the study

In the study presented here, we focused on the combination of
the screening hits vincristine and adavosertib as a potential novel
therapeutic approach in LFS-associated SHH-MB. The compre-
hensive drug library used for screening included mainly drugs
either approved or in clinical development. While our initial
drug library screening was tested in only two TP53™" brain tu-
mor cell lines, the screen hits were validated in three additional
bona fide TP53™“t SHH-MB PDOs faithfully representing this tu-
mor entity. Another limitation might be the relatively short follow-
up time (4 weeks) of the toxicity in vivo experiment with the LFS
mouse model, potentially not allowing verification of long-term
toxicity such as therapy-induced tumorigenesis. Nevertheless,
lack of significant increase in DNA damage marker could sug-
gest a low risk of therapy-related secondary tumors. Lastly, the
animal models used in this study do not fully recapitulate aspects
of LFS patients’ phenotype, e.g., in terms of TP53 mutation
spectrum as well as the BBB structure.

10  iScience 29, 114564, February 20, 2026

iScience

RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources should be directed to and will
be fulfilled by the lead contact, Anna S. Kolodziejczak (a.kolodziejczak@kitz-
heidelberg.de).

Materials availability
® Requests for further information and resources should be directed to
and will be fulfilled by the lead contact.
@ This study did not generate new unique reagents.

Data and code availability
® Immunoblot and microscopy images reported in this paper will be
shared by the lead contact upon request.
@ This paper does not report original code.
® Any additional information required to reanalyze the data reported in this
paper is available from the lead contact upon request.

ACKNOWLEDGMENTS

The study was funded by the Bundesministerium fir Bildung und Forschung
ADDRess grant (01GM1909A and 01GM1909E to C.P.K., S.M.P., and T.M.).
The laboratory of T.G.P.G. acknowledges support from the Barbara and Wil-
fried Mohr Foundation.

AUTHOR CONTRIBUTIONS

Conceptualization, T.M., D.T.W.J., KW.P., C.P.K., and S.M.P.; data curation,
formal analysis, investigation, visualization, software, A.S.K. and C.M.; Fund-
ing acquisition, T.M., KW.P., C.P.K., and S.M.P.; methodology: A.S.K., H.P.,
N.M., R.S., J.B., S.0., P.-C.W,, and T.G.P.G.; project administration, A.S.K.,
T.M., C.M., and M.K.; resources, N.M., K.M., C.H.-M., A.EE.D., LM.K., A.E.,
and P.-C.W.; supervision, T.M., O.W., M.K,, T.G.P.G., and 1.0.; validation,
F.S., N.J., and R.S.; writing - original draft, A.S.K. and T.M.; writing — review
and editing: all coauthors.

DECLARATION OF INTERESTS

O.W. participated in advisory boards of Novartis, BMS, Janssen and receives
research grants from BVD, Day One Therapeutics. I.O. receives research
grants from PreComb, BVD and Day One Therapeutics.

STARXMETHODS

Detailed methods are provided in the online version of this paper and include
the following:

o KEY RESOURCES TABLE
o EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS
o Animals
o Patient-derived organoid (PDO) tumoroid
o Established cell lines
o In vivo LFS PDX models
® METHOD DETAILS
Drug library
Single drug screening process
Genotoxicity screen in the LFS fibroblasts
Drug combination screen
Establishing in vivo LFS PDX models
Drug treatment assays in PDOs
In vivo drug testing in LFS SHH-MB PDX models
In vivo toxicity testing in LFS mouse models
Adavosertib pharmacodynamic marker
WEE1 knockdown in TP53™" brain tumor models
® QUANTIFICATION AND STATISTICAL ANALYSIS
o Reproducibility of in vitro drug screening

O O OO OO OO0 OO0 OO0


mailto:a.kolodziejczak@kitz-heidelberg.de
mailto:a.kolodziejczak@kitz-heidelberg.de

iScience

Genotoxicity testing in LFS fibroblasts

Drug combination screen

WEE1 knockdown in TP53™" brain tumor models
WEE1 expression and adavosertib sensitivity score
Animal experiments

O O O O O

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/j.isci.
2025.114564.

Received: May 7, 2025
Revised: August 25, 2025
Accepted: December 23, 2025
Published: December 29, 2025

REFERENCES

. Li, F.P., and Fraumeni, J.F. (1969). Rhabdomyosarcoma in children:

epidemiologic study and identification of a familial cancer syndrome.
J. Natl. Cancer Inst. 43, 1365-1373.

. Gonzalez, K.D., Noltner, K.A., Buzin, C.H., Gu, D., Wen-Fong, C.Y.,

Nguyen, V.Q., Han, J.H., Lowstuter, K., Longmate, J., Sommer, S.S.,
and Weitzel, J.N. (2009). Beyond Li Fraumeni Syndrome: clinical charac-
teristics of families with p53 germline mutations. J. Clin. Oncol. 27, 1250-
1256. https://doi.org/10.1200/JC0.2008.16.6959.

. Kumamoto, T., Yamazaki, F., Nakano, Y., Tamura, C., Tashiro, S., Hat-

tori, H., Nakagawara, A., and Tsunematsu, Y. (2021). Medical guidelines
for Li-Fraumeni syndrome 2019, version 1.1. Int. J. Clin. Oncol. 26, 2161-
2178. https://doi.org/10.1007/s10147-021-02011-w.

. Frebourg, T., Barbier, N., Yan, Y.X., Garber, J.E., Dreyfus, M., Fraumeni,

J., Li, F.P., and Friend, S.H. (1995). Germ-line p53 mutations in 15 fam-
ilies with Li-Fraumeni syndrome. Am. J. Hum. Genet. 56, 608-615.

. Varley, J.M. (2003). Germline TP53 mutations and Li-Fraumeni syn-

drome. Hum. Mutat. 27, 313-320. https://doi.org/10.1002/humu.10185.

. Bougeard, G., Renaux-Petel, M., Flaman, J.M., Charbonnier, C., Fermey,

P., Belotti, M., Gauthier-Villars, M., Stoppa-Lyonnet, D., Consolino, E.,
Brugiéres, L., et al. (2015). Revisiting Li-Fraumeni Syndrome From
TP53 Mutation Carriers. J. Clin. Oncol. 33, 2345-2352. https://doi.org/
10.1200/JC0.2014.59.5728.

. Kratz, C.P., Freycon, C., Maxwell, K.N., Nichols, K.E., Schiffman, J.D.,

Evans, D.G., Achatz, M.l.,, Savage, S.A., Weitzel, J.N., Garber, J.E.,
et al. (2021). Analysis of the Li-Fraumeni Spectrum Based on an Interna-
tional Germline TP53 Variant Data Set: An International Agency for
Research on Cancer TP53 Database Analysis. JAMA Oncol. 7, 1800-
1805. https://doi.org/10.1001/jamaoncol.2021.4398.

. Ruijs, M.\W.G., Verhoef, S., Rookus, M.A., Pruntel, R., van der Hout, A.H.,

Hogervorst, F.B.L., Kluijt, I., Sijmons, R.H., Aalfs, C.M., Wagner, A., et al.
(2010). TP53 germline mutation testing in 180 families suspected of Li-
Fraumeni syndrome: mutation detection rate and relative frequency of
cancers in different familial phenotypes. J. Med. Genet. 47, 421-428.
https://doi.org/10.1136/jmg.2009.073429.

. Zhukova, N., Ramaswamy, V., Remke, M., Pfaff, E., Shih, D.J.H., Martin,

D.C., Castelo-Branco, P., Baskin, B., Ray, P.N., Bouffet, E., et al. (2013).
Subgroup-specific prognostic implications of TP53 mutation in medullo-
blastoma. J. Clin. Oncol. 31, 2927-2935. https://doi.org/10.1200/JCO.
2012.48.5052.

. Kolodziejczak, A.S., Guerrini-Rousseau, L., Planchon, J.M., Ecker, J.,

Selt, F., Mynarek, M., Obrecht, D., Sill, M., Autry, R.J., Stutheit-Zhao,
E., et al. (2023). Clinical outcome of pediatric medulloblastoma patients
with Li-Fraumeni syndrome. Neuro Oncol. 25, 2273-2286. https://doi.
org/10.1093/neuonc/noad114.

. Kratz, C.P., Achatz, M.l., Brugieres, L., Frebourg, T., Garber, J.E., Greer,

M.L.C., Hansford, J.R., Janeway, K.A., Kohlmann, W.K., McGee, R., et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

¢? CellPress

OPEN ACCESS

(2017). Cancer Screening Recommendations for Individuals with Li-
Fraumeni Syndrome. Clin. Cancer Res. 23, €38-e45. https://doi.org/10.
1158/1078-0432.CCR-17-0408.

Frebourg, T., Bajalica Lagercrantz, S., Oliveira, C., Magenheim, R., and
Evans, D.G.; European Reference Network GENTURIS (2020). Guide-
lines for the Li-Fraumeni and heritable TP53-related cancer syndromes.
Eur. J. Hum. Genet. 28, 1379-1386. https://doi.org/10.1038/s41431-
020-0638-4.

Achatz, M., Villani, A., Bertuch, A.A., Bougeard, G., Chang, V.Y., Doria,
A.S., Gallinger, B., Godley, L.A., Greer, M.L.C., Kamihara, J., et al. (2025).
Update on Cancer Screening Recommendations for Individuals with Li-
Fraumeni Syndrome. Clin. Cancer Res. 37, 1831-1840. https://doi.org/
10.1158/1078-0432.CCR-24-3301.

Coffee, B., Cox, H.C., Bernhisel, R., Manley, S., Bowles, K., Roa, B.B.,
and Mancini-DiNardo, D. (2020). A substantial proportion of apparently
heterozygous TP53 pathogenic variants detected with a next-generation
sequencing hereditary pan-cancer panel are acquired somatically. Hum.
Mutat. 47, 203-211. https://doi.org/10.1002/humu.23910.

Heymann, S., Delaloge, S., Rahal, A., Caron, O., Frebourg, T., Barreau,
L., Pachet, C., Mathieu, M.C., Marsiglia, H., and Bourgier, C. (2010). Ra-
dio-induced malignancies after breast cancer postoperative radio-
therapy in patients with Li-Fraumeni syndrome. Radiat. Oncol. 5, 104.
https://doi.org/10.1186/1748-717X-5-104.

Hendrickson, P.G., Luo, Y., Kohlmann, W., Schiffman, J., Maese, L.,
Bishop, A.J., Lloyd, S., Kokeny, K.E., Hitchcock, Y.J., Poppe, M.M.,
et al. (2020). Radiation therapy and secondary malignancy in Li-
Fraumeni syndrome: A hereditary cancer registry study. Cancer Med.
9, 7954-7963. https://doi.org/10.1002/cam4.3427.

Le, A.N., Harton, J., Desai, H., Powers, J., Zelley, K., Bradbury, A.R., Na-
thanson, K.L., Shah, P.D., Doucette, A., Freedman, G.M., et al. (2020).
Frequency of radiation-induced malignancies post-adjuvant radio-
therapy for breast cancer in patients with Li-Fraumeni syndrome. Breast
Cancer Res. Treat. 181, 181-188. https://doi.org/10.1007/s10549-020-
05612-7.

Palmer, A.C., and Sorger, P.K. (2017). Combination Cancer Therapy Can
Confer Benefit via Patient-to-Patient Variability without Drug Additivity or
Synergy. Cell 171, 1678-1691.e13. https://doi.org/10.1016/j.cell.2017.
11.009.

Yadav, B., Pemovska, T., Szwajda, A., Kulesskiy, E., Kontro, M., Karjalai-
nen, R., Majumder, M.M., Malani, D., Murumégi, A., Knowles, J., et al.
(2014). Quantitative scoring of differential drug sensitivity for individually
optimized anticancer therapies. Sci. Rep. 4, 5193. https://doi.org/10.
1038/srep05193.

Zerdoumi, Y., Kasper, E., Soubigou, F., Adriouch, S., Bougeard, G., Fre-
bourg, T., and Flaman, J.M. (2015). A new genotoxicity assay based on
p53 target gene induction. Mutat. Res. Genet. Toxicol. Environ. Mutagen.
789-790, 28-35. https://doi.org/10.1016/j.mrgentox.2015.05.010.

Kasper, E., Angot, E., Colasse, E., Nicol, L., Sabourin, J.C., Adriouch, S.,
Lacoume, Y., Charbonnier, C., Raad, S., Frebourg, T., et al. (2018).
Contribution of genotoxic anticancer treatments to the development of
multiple primary tumours in the context of germline TP53 mutations.
Eur. J. Cancer 101, 254-262. https://doi.org/10.1016/j.ejca.2018.06.011.

Honma, M., and Hayashi, M. (2011). Comparison of in vitro micronucleus
and gene mutation assay results for p53-competent versus p53-deficient
human lymphoblastoid cells. Environ. Mol. Mutagen. 52, 373-384.
https://doi.org/10.1002/em.20634.

Keller, K.M., Krausert, S., Gopisetty, A., Luedtke, D., Koster, J., Schu-
bert, N.A., Rodriguez, A., van Hooff, S.R., Stichel, D., Dolman, M.E.M.,
et al. (2022). Target Actionability Review: a systematic evaluation of repli-
cation stress as a therapeutic target for paediatric solid malignancies.
Eur. J. Cancer 162, 107-117. https://doi.org/10.1016/j.ejca.2021.11.030.
Cole, K.A,, ljaz, H., Surrey, L.F., Santi, M., Liu, X., Minard, C.G., Maris,
J.M., Voss, S., Reid, J.M., Fox, E., and Weigel, B.J. (2023). Pediatric
phase 2 trial of a WEE1 inhibitor, adavosertib (AZD1775), and irinotecan

iScience 29, 114564, February 20, 2026 11



https://doi.org/10.1016/j.isci.2025.114564
https://doi.org/10.1016/j.isci.2025.114564
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref1
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref1
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref1
https://doi.org/10.1200/JCO.2008.16.6959
https://doi.org/10.1007/s10147-021-02011-w
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref4
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref4
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref4
https://doi.org/10.1002/humu.10185
https://doi.org/10.1200/JCO.2014.59.5728
https://doi.org/10.1200/JCO.2014.59.5728
https://doi.org/10.1001/jamaoncol.2021.4398
https://doi.org/10.1136/jmg.2009.073429
https://doi.org/10.1200/JCO.2012.48.5052
https://doi.org/10.1200/JCO.2012.48.5052
https://doi.org/10.1093/neuonc/noad114
https://doi.org/10.1093/neuonc/noad114
https://doi.org/10.1158/1078-0432.CCR-17-0408
https://doi.org/10.1158/1078-0432.CCR-17-0408
https://doi.org/10.1038/s41431-020-0638-4
https://doi.org/10.1038/s41431-020-0638-4
https://doi.org/10.1158/1078-0432.CCR-24-3301
https://doi.org/10.1158/1078-0432.CCR-24-3301
https://doi.org/10.1002/humu.23910
https://doi.org/10.1186/1748-717X-5-104
https://doi.org/10.1002/cam4.3427
https://doi.org/10.1007/s10549-020-05612-7
https://doi.org/10.1007/s10549-020-05612-7
https://doi.org/10.1016/j.cell.2017.11.009
https://doi.org/10.1016/j.cell.2017.11.009
https://doi.org/10.1038/srep05193
https://doi.org/10.1038/srep05193
https://doi.org/10.1016/j.mrgentox.2015.05.010
https://doi.org/10.1016/j.ejca.2018.06.011
https://doi.org/10.1002/em.20634
https://doi.org/10.1016/j.ejca.2021.11.030

¢? CellPress

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

12

OPEN ACCESS

for relapsed neuroblastoma, medulloblastoma, and rhabdomyosar-
coma. Cancer 129, 2245-2255. https://doi.org/10.1002/cncr.34786.

Yap, T.A,, Tan, D.S.P., Terbuch, A., Caldwell, R., Guo, C., Goh, B.C.,
Heong, V., Haris, N.R.M., Bashir, S., Drew, Y., et al. (2021). First-in-Hu-
man Trial of the Oral Ataxia Telangiectasia and RAD3-Related (ATR) In-
hibitor BAY 1895344 in Patients with Advanced Solid Tumors. Cancer
Discov. 71, 80-91. https://doi.org/10.1158/2159-8290.CD-20-0868.

Li, J., Wu, J., Bao, X., Honea, N., Xie, Y., Kim, S., Sparreboom, A., and
Sanai, N. (2017). Quantitative and Mechanistic Understanding of
AZD1775 Penetration across Human Blood-Brain Barrier in Glioblastoma
Patients Using an IVIVE-PBPK Modeling Approach. Clin. Cancer Res. 23,
7454-7466. https://doi.org/10.1158/1078-0432.CCR-17-0983.

Kiesel, B.F., Deppas, J.J., Guo, J., Parise, R.A., Clump, D.A., Bakkenist,
C.J., and Beumer, J.H. (2022). Dose-dependent bioavailability, absorp-
tion-rate limited elimination, and tissue distribution of the ATR inhibitor
BAY-1895344 (elimusertib) in mice. Cancer Chemother. Pharmacol. 89,
795-807. https://doi.org/10.1007/s00280-022-04436-0.

De Witt Hamer, P.C., Mir, S.E., Noske, D., Van Noorden, C.J.F., and Wr-
dinger, T. (2011). WEE1 kinase targeting combined with DNA-damaging
cancer therapy catalyzes mitotic catastrophe. Clin. Cancer Res. 17,
4200-4207. https://doi.org/10.1158/1078-0432.CCR-10-2537.

Harris, P.S., Venkataraman, S., Alimova, |., Birks, D.K., Balakrishnan, I.,
Cristiano, B., Donson, A.M., Dubuc, A.M., Taylor, M.D., Foreman, N.K.,
et al. (2014). Integrated genomic analysis identifies the mitotic check-
point kinase WEE1 as a novel therapeutic target in medulloblastoma.
Mol. Cancer 13, 72. https://doi.org/10.1186/1476-4598-13-72.

Ghelli Luserna di Rora, A., Cerchione, C., Martinelli, G., and Simonetti, G.
(2020). A WEE1 family business: regulation of mitosis, cancer progres-
sion, and therapeutic target. J. Hematol. Oncol. 13, 126. https://doi.
org/10.1186/s13045-020-00959-2.

Roper, S.J., Linke, F., Scotting, P.J., and Coyle, B. (2021). 3D spheroid
models of paediatric SHH medulloblastoma mimic tumour biology,
drug response and metastatic dissemination. Sci. Rep. 77, 4259.
https://doi.org/10.1038/s41598-021-83809-6.

Bingel, C., Koeneke, E., Ridinger, J., Bittmann, A., Sill, M., Peterziel, H.,
Wrobel, J.K., Rettig, I., Milde, T., Fernekorn, U., et al. (2017). Three-
dimensional tumor cell growth stimulates autophagic flux and recapitu-
lates chemotherapy resistance. Cell Death Dis. 8, €3013. https://doi.
org/10.1038/cddis.2017.398.

Roth, R.B., Hevezi, P., Lee, J., Willhite, D., Lechner, S.M., Foster, A.C.,
and Zlotnik, A. (2006). Gene expression analyses reveal molecular rela-
tionships among 20 regions of the human CNS. Neurogenetics 7,
67-80. https://doi.org/10.1007/s10048-006-0032-6.

Northcott, P.A., Buchhalter, 1., Morrissy, A.S., Hovestadt, V., Weischen-
feldt, J., Ehrenberger, T., Grébner, S., Segura-Wang, M., Zichner, T.,
Rudneva, V.A., et al. (2017). The whole-genome landscape of medullo-
blastoma subtypes. Nature 547, 311-317. https://doi.org/10.1038/
nature22973.

Cavalli, F.M.G., Remke, M., Rampasek, L., Peacock, J., Shih, D.J.H.,
Luu, B., Garzia, L., Torchia, J., Nor, C., Morrissy, A.S., et al. (2017). Inter-
tumoral Heterogeneity within Medulloblastoma Subgroups. Cancer Cell
31, 737-754.€6. https://doi.org/10.1016/j.ccell.2017.05.005.

Petralia, F., Tignor, N., Reva, B., Koptyra, M., Chowdhury, S., Rykunov,
D., Krek, A., Ma, W., Zhu, Y., Ji, J., et al. (2020). Integrated Proteoge-
nomic Characterization across Major Histological Types of Pediatric
Brain Cancer. Cell 183, 1962-1985.e31. https://doi.org/10.1016/j.cell.
2020.10.044.

Lu, Y.L., Wu, M.H., Lee, Y.Y., Chou, T.C., Wong, R.J., and Lin, S.F.
(2021). Efficacy and Biomarker Analysis of Adavosertib in Differentiated
Thyroid Cancer. Cancers (Basel) 13, 3487. https://doi.org/10.3390/
cancers13143487.

Bell, H.L., Blair, H.J., Singh, M., Moorman, A.V., Heidenreich, O., van
Delft, F.W., Lunec, J., and Irving, J.A.E. (2023). Targeting WEE1 kinase
as a p53-independent therapeutic strategy in high-risk and relapsed

iScience 29, 114564, February 20, 2026

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

iScience

acute lymphoblastic leukemia. Cancer Cell Int. 23, 202. https://doi.org/
10.1186/s12935-023-03057-8.

Mayoh, C., Mao, J., Xie, J., Tax, G., Chow, S.0., Cadiz, R., Pazaky, K.,
Barahona, P., Ajuyah, P., Trebilcock, P., et al. (2023). High-Throughput
Drug Screening of Primary Tumor Cells Identifies Therapeutic Strategies
for Treating Children with High-Risk Cancer. Cancer Res. 83, 2716-2732.
https://doi.org/10.1158/0008-5472.CAN-22-3702.

Kong, A., and Mehanna, H. (2021). WEE1 Inhibitor: Clinical Development.
Curr. Oncol. Rep. 23, 107. https://doi.org/10.1007/s11912-021-01098-8.

Pepper, C., Thomas, A., Hoy, T., Tighe, J., Culligan, D., Fegan, C., and
Bentley, P. (2003). Leukemic and non-leukemic lymphocytes from pa-
tients with Li Fraumeni syndrome demonstrate loss of p53 function,
Bcl-2 family dysregulation and intrinsic resistance to conventional
chemotherapeutic drugs but not flavopiridol. Cell Cycle 2, 53-58.

Ford, J.M., and Hanawalt, P.C. (1995). Li-Fraumeni syndrome fibroblasts
homozygous for p53 mutations are deficient in global DNA repair but
exhibit normal transcription-coupled repair and enhanced UV resistance.
Proc. Natl. Acad. Sci. USA 92, 8876-8880. https://doi.org/10.1073/pnas.
92.19.8876.

Sarcar, B., Kahali, S., Prabhu, A.H., Shumway, S.D., Xu, Y., Demuth, T.,
and Chinnaiyan, P. (2011). Targeting Radiation-Induced G2 Checkpoint
Activation with the Wee-1 Inhibitor MK-1775 in Glioblastoma Cell Lines.
Mol. Cancer Ther. 10, 2405-2414. https://doi.org/10.1158/1535-7163.
mct-11-0469.

Lescarbeau, R.S., Lei, L., Bakken, K.K., Sims, P.A., Sarkaria, J.N., Canoll,
P., and White, F.M. (2016). Quantitative Phosphoproteomics Reveals
Wee1 Kinase as a Therapeutic Target in a Model of Proneural Glioblas-
toma. Mol. Cancer Ther. 15, 1332-1343. https://doi.org/10.1158/1535-
7163.mct-15-0692.

Diab, A., Kao, M., Kehrli, K., Kim, H.Y., Sidorova, J., and Mendez, E.
(2019). Multiple Defects Sensitize p53-Deficient Head and Neck Cancer
Cells to the WEE1 Kinase Inhibition. Mol. Cancer Res. 17, 1115-1128.
https://doi.org/10.1158/1541-7786.MCR-18-0860.

Tanaka, N., Patel, A.A., Tang, L., Silver, N.L., Lindemann, A., Takahashi,
H., Jaksik, R., Rao, X., Kalu, N.N., Chen, T.C., et al. (2017). Replication
Stress Leading to Apoptosis within the S-phase Contributes to Syner-
gism between Vorinostat and AZD1775 in HNSCC Harboring High-
Risk. Clin. Cancer Res. 23, 6541-6554. https://doi.org/10.1158/1078-
0432.CCR-17-0947.

Do, K., Wilsker, D., Ji, J., Zlott, J., Freshwater, T., Kinders, R.J., Collins,
J., Chen, A.P., Doroshow, J.H., and Kummar, S. (2015). Phase | Study of
Single-Agent AZD1775 (MK-1775), a Wee1 Kinase Inhibitor, in Patients
With Refractory Solid Tumors. J. Clin. Oncol. 33, 3409-3415. https://
doi.org/10.1200/JC0.2014.60.4009.

Leijen, S., van Geel, R.M.J.M., Sonke, G.S., de Jong, D., Rosenberg,
E.H., Marchetti, S., Pluim, D., van Werkhoven, E., Rose, S., Lee, M.A.,
et al. (2016). Phase Il Study of WEE1 Inhibitor AZD1775 Plus Carboplatin
in Patients With TP53-Mutated Ovarian Cancer Refractory or Resistant to
First-Line Therapy Within 3 Months. J. Clin. Oncol. 34, 4354-4361.
https://doi.org/10.1200/JC0O.2016.67.5942.

QOza, A.M., Estevez-Diz, M., Grischke, E.M., Hall, M., Marmé, F., Pro-
vencher, D., Uyar, D., Weberpals, J.l., Wenham, R.M., Laing, N., et al.
(2020). A Biomarker-enriched, Randomized Phase Il Trial of Adavosertib
(AZD1775) Plus Paclitaxel and Carboplatin for Women with Platinum-
sensitive. Clin. Cancer Res. 26, 4767-4776. https://doi.org/10.1158/
1078-0432.CCR-20-0219.

Robinson, G.W., Rudneva, V.A., Buchhalter, I., Billups, C.A., Waszak,
S.M., Smith, K.S., Bowers, D.C., Bendel, A., Fisher, P.G., Partap, S.,
et al. (2018). Risk-adapted therapy for young children with medulloblas-
toma (SJYCO07): therapeutic and molecular outcomes from a multicentre,
phase 2 trial. Lancet Oncol. 19, 768-784. https://doi.org/10.1016/S1470-
2045(18)30204-3.

Leary, S.E.S., Packer, R.J., Li, Y., Billups, C.A., Smith, K.S., Jaju, A., He-
ier, L., Burger, P., Walsh, K., Han, Y., et al. (2021). Efficacy of Carboplatin


https://doi.org/10.1002/cncr.34786
https://doi.org/10.1158/2159-8290.CD-20-0868
https://doi.org/10.1158/1078-0432.CCR-17-0983
https://doi.org/10.1007/s00280-022-04436-0
https://doi.org/10.1158/1078-0432.CCR-10-2537
https://doi.org/10.1186/1476-4598-13-72
https://doi.org/10.1186/s13045-020-00959-2
https://doi.org/10.1186/s13045-020-00959-2
https://doi.org/10.1038/s41598-021-83809-6
https://doi.org/10.1038/cddis.2017.398
https://doi.org/10.1038/cddis.2017.398
https://doi.org/10.1007/s10048-006-0032-6
https://doi.org/10.1038/nature22973
https://doi.org/10.1038/nature22973
https://doi.org/10.1016/j.ccell.2017.05.005
https://doi.org/10.1016/j.cell.2020.10.044
https://doi.org/10.1016/j.cell.2020.10.044
https://doi.org/10.3390/cancers13143487
https://doi.org/10.3390/cancers13143487
https://doi.org/10.1186/s12935-023-03057-8
https://doi.org/10.1186/s12935-023-03057-8
https://doi.org/10.1158/0008-5472.CAN-22-3702
https://doi.org/10.1007/s11912-021-01098-8
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref41
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref41
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref41
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref41
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref41
https://doi.org/10.1073/pnas.92.19.8876
https://doi.org/10.1073/pnas.92.19.8876
https://doi.org/10.1158/1535-7163.mct-11-0469
https://doi.org/10.1158/1535-7163.mct-11-0469
https://doi.org/10.1158/1535-7163.mct-15-0692
https://doi.org/10.1158/1535-7163.mct-15-0692
https://doi.org/10.1158/1541-7786.MCR-18-0860
https://doi.org/10.1158/1078-0432.CCR-17-0947
https://doi.org/10.1158/1078-0432.CCR-17-0947
https://doi.org/10.1200/JCO.2014.60.4009
https://doi.org/10.1200/JCO.2014.60.4009
https://doi.org/10.1200/JCO.2016.67.5942
https://doi.org/10.1158/1078-0432.CCR-20-0219
https://doi.org/10.1158/1078-0432.CCR-20-0219
https://doi.org/10.1016/S1470-2045(18)30204-3
https://doi.org/10.1016/S1470-2045(18)30204-3

iScience

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

and Isotretinoin in Children With High-risk Medulloblastoma: A Random-
ized Clinical Trial From the Children’s Oncology Group. JAMA Oncol. 7,
1313-1321. https://doi.org/10.1001/jamaoncol.2021.2224.

Gatz, S.A., Harttrampf, A.C., Brard, C., Bautista, F., André, N., Abbou, S.,
Rubino, J., Rondof, W., Deloger, M., Ribsam, M., et al. (2024). Phase /Il
Study of the WEET Inhibitor Adavosertib (AZD1775) in Combination with
Carboplatin in Children with Advanced Malignancies: Arm C of the Ac-
Sé-ESMART Trial. Clin. Cancer Res. 30, 741-753. https://doi.org/10.
1158/1078-0432.CCR-23-2959.

Pokorny, J.L., Calligaris, D., Gupta, S.K., lyekegbe, D.O., Jr., Mueller, D.,
Bakken, K.K., Carlson, B.L., Schroeder, M.A., Evans, D.L., Lou, Z., et al.
(2015). The Efficacy of the Wee1 Inhibitor MK-1775 Combined with Te-
mozolomide Is Limited by Heterogeneous Distribution across the
Blood-Brain Barrier in Glioblastoma. Clin. Cancer Res. 27, 1916-1924.
https://doi.org/10.1158/1078-0432.ccr-14-2588.

Romo, C.G., Alexander, B.M., Agar, N., Ahluwalia, M.S., Desai, A.S., Die-
trich, J., Kaley, T.J., Peereboom, D.M., Takebe, N., Desideri, S., et al.
(2020). Intratumoral drug distribution of adavosertib in patients with glio-
blastoma: Interim results of phase | study. J. Clin. Oncol. 38, 2568.
https://doi.org/10.1200/JC0.2020.38.15_suppl.2568.

Sanai, N., Li, J., Boerner, J., Stark, K., Wu, J., Kim, S., Derogatis, A.,
Mehta, S., Dhruv, H.D., Heilbrun, L.K., et al. (2018). Phase 0 Trial of
AZD1775 in First-Recurrence Glioblastoma Patients. Clin. Cancer Res.
24, 3820-3828. https://doi.org/10.1158/1078-0432.CCR-17-3348.

Sarkaria, J.N., Hu, L.S., Parney, |.F., Pafundi, D.H., Brinkmann, D.H.,
Laack, N.N., Giannini, C., Burns, T.C., Kizilbash, S.H., Laramy, J.K.,
et al. (2018). Is the blood-brain barrier really disrupted in all glioblas-
tomas? A critical assessment of existing clinical data. Neuro Oncol. 20,
184-191. https://doi.org/10.1093/neuonc/nox175.

Pitz, M.W., Desai, A., Grossman, S.A., and Blakeley, J.O. (2011). Tissue
concentration of systemically administered antineoplastic agents in hu-
man brain tumors. J. Neuro Oncol. 104, 629-638. https://doi.org/10.
1007/s11060-011-0564-y.

Perreault, S., Ramaswamy, V., Achrol, A.S., Chao, K., Liu, T.T., Shih, D.,
Remke, M., Schubert, S., Bouffet, E., Fisher, P.G., et al. (2014). MRI sur-
rogates for molecular subgroups of medulloblastoma. AJNR. Am. J. Neu-
roradiol. 35, 1263-1269. https://doi.org/10.3174/ajnr.A3990.

Dangouloff-Ros, V., Varlet, P., Levy, R., Beccaria, K., Puget, S., Dufour,
C., and Boddaert, N. (2021). Imaging features of medulloblastoma:
Conventional imaging, diffusion-weighted imaging, perfusion-weighted
imaging, and spectroscopy: From general features to subtypes and char-
acteristics. Neurochirurgie 67, 6-13. https://doi.org/10.1016/j.neuchi.
2017.10.003.

Phoenix, T.N., Patmore, D.M., Boop, S., Boulos, N., Jacus, M.O., Patel,
Y.T., Roussel, M.F., Finkelstein, D., Goumnerova, L., Perreault, S., et al.
(2016). Medulloblastoma Genotype Dictates Blood Brain Barrier Pheno-
type. Cancer Cell 29, 508-522. https://doi.org/10.1016/j.ccell.2016.
03.002.

Della Monica, R., Buonaiuto, M., Cuomo, M., Pagano, C., Trio, F., Costa-
bile, D., de Riso, G., Cicala, F.S., Raia, M., Franca, R.A., et al. (2023). Tar-
geted inhibition of the methyltransferase SETD8 synergizes with the
Wee1 inhibitor adavosertib in restraining glioblastoma growth. Cell Death
Dis. 14, 638. https://doi.org/10.1038/s41419-023-06167-3.

Caretti, V., Hiddingh, L., Lagerweij, T., Schellen, P., Koken, P.W., Hulle-
man, E., van Vuurden, D.G., Vandertop, W.P., Kaspers, G.J.L., Noske,
D.P., and Wurdinger, T. (2013). WEE1 kinase inhibition enhances the
radiation response of diffuse intrinsic pontine gliomas. Mol. Cancer
Ther. 12, 141-150. https://doi.org/10.1158/1535-7163.MCT-12-0735.
Mueller, S., Hashizume, R., Yang, X., Kolkowitz, ., Olow, A.K., Phillips, J.,
Smirnov, I., Tom, M.W., Prados, M.D., James, C.D., et al. (2014). Target-
ing Wee1 for the treatment of pediatric high-grade gliomas. Neuro Oncol.
16, 352-360. https://doi.org/10.1093/neuonc/not220.

Moreira, D.C., Venkataraman, S., Subramanian, A., Desisto, J., Balak-
rishnan, I., Prince, E., Pierce, A., Griesinger, A., Green, A., Eberhardt,

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

¢? CellPress

OPEN ACCESS

C.G,, et al. (2020). Targeting MYC-driven replication stress in medullo-
blastoma with AZD1775 and gemcitabine. J. Neuro Oncol. 7147,
531-545. https://doi.org/10.1007/s11060-020-03457-0.

Leten, C., Struys, T., Dresselaers, T., and Himmelreich, U. (2014). In vivo
and ex vivo assessment of the blood brain barrier integrity in different
glioblastoma animal models. J. Neuro Oncol. 119, 297-306. https://doi.
org/10.1007/s11060-014-1514-2.

Genovesi, L.A., Puttick, S., Millar, A., Kojic, M., Ji, P., Lagendijk, A.K.,
Brighi, C., Bonder, C.S., Adolphe, C., and Wainwright, B.J. (2021). Pa-
tient-derived orthotopic xenograft models of medulloblastoma lack a
functional blood-brain barrier. Neuro Oncol. 23, 732-742. https://doi.
org/10.1093/neuonc/noaa266.

Morris, E.K., Daignault-Mill, S., Stehbens, S.J., Genovesi, L.A., and La-
gendijk, A.K. (2023). Addressing blood-brain-tumor-barrier heterogene-
ity in pediatric brain tumors with innovative preclinical models. Front. On-
col. 13, 1101522. https://doi.org/10.3389/fonc.2023.1101522.

Bukhari, A.B., Chan, G.K., and Gamper, A.M. (2022). Targeting the DNA
Damage Response for Cancer Therapy by Inhibiting the Kinase Wee1.
Front. Oncol. 12, 828684. https://doi.org/10.3389/fonc.2022.828684.

Piggott, L., Luong, N., Massiere, F., Kunze, A., Chardonnens, C., and
Vaslin, A. (2023). Abstract 6185: Debio 0123 is a selective WEE1 inhibitor
that effectively penetrates the brain and demonstrates anti-tumor activity
in preclinical models of glioblastoma. Cancer Res. 83, 6185. https://doi.
org/10.1158/1538-7445.am2023-6185.

Kim, J., Dey, A., Malhotra, A., Liu, J., Ahn, S.I., Sei, Y.J., Kenney, A.M.,
MacDonald, T.J., and Kim, Y. (2020). Engineered biomimetic nanopar-
ticle for dual targeting of the cancer stem-like cell population in sonic
hedgehog medulloblastoma. Proc. Natl. Acad. Sci. USA 117, 24205-
24212. https://doi.org/10.1073/pnas.1911229117.

Hwang, D., Dismuke, T., Tikunov, A., Rosen, E.P., Kagel, J.R., Ramsey,
J.D., Lim, C., Zamboni, W., Kabanov, A.V., Gershon, T.R., and Sokol-
sky-Papkov PhD, M. (2021). Poly(2-oxazoline) nanoparticle delivery en-
hances the therapeutic potential of vismodegib for medulloblastoma by
improving CNS pharmacokinetics and reducing systemic toxicity. Nano-
medicine. 32, 102345. https://doi.org/10.1016/j.nan0.2020.102345.

Infante, P., Malfanti, A., Quaglio, D., Balducci, S., De Martin, S., Bufalieri,
F., Mastrotto, F., Basili, |., Garofalo, M., Lospinoso Severini, L., et al.
(2021). Glabrescione B delivery by self-assembling micelles efficiently
inhibits tumor growth in preclinical models of Hedgehog-dependent me-
dulloblastoma. Cancer Lett. 499, 220-231. https://doi.org/10.1016/].
canlet.2020.11.028.

MacDonald, T.J., Liu, J., Yu, B., Malhotra, A., Munson, J., Park, J.C.,
Wang, K., Fei, B., Bellamkonda, R., and Arbiser, J. (2021). Liposome-
Imipramine Blue Inhibits Sonic Hedgehog Medulloblastoma In Vivo. Can-
cers (Basel) 13, 1220. https://doi.org/10.3390/cancers13061220.

Kumar, V., Wang, Q., Sethi, B., Lin, F., Kumar, V., Coulter, D.W., Dong, Y.,
and Mahato, R.l. (2021). Polymeric nanomedicine for overcoming resis-
tance mechanisms in hedgehog and Myc-amplified medulloblastoma.
Biomaterials 278, 121138. https://doi.org/10.1016/j.biomaterials.2021.
121138.

Zhu, H., Allwin, C., Bassous, M.G., and Pouliopoulos, A.N. (2024).
Focused ultrasound-mediated enhancement of blood-brain barrier
permeability for brain tumor treatment: a systematic review of clinical tri-
als. J. Neuro Oncol. 170, 235-252. https://doi.org/10.1007/s11060-024-
04795-z.

Cole, K.A., Pal, S., Kudgus, R.A,, ljaz, H., Liu, X., Minard, C.G., Pawel,
B.R., Maris, J.M., Haas-Kogan, D.A., Voss, S.D., et al. (2020). Phase |
Clinical Trial of the Wee1 Inhibitor Adavosertib (AZD1775) with Irinotecan
in Children with Relapsed Solid Tumors: A COG Phase | Consortium
Report (ADVL1312). Clin. Cancer Res. 26, 1213-1219. https://doi.org/
10.1158/1078-0432.CCR-19-3470.

Mueller, S., Cooney, T., Yang, X., Pal, S., Ermoian, R., Gajjar, A., Liu, X.,
Prem, K., Minard, C.G., Reid, J.M., et al. (2022). Wee1 kinase inhibitor
adavosertib with radiation in newly diagnosed diffuse intrinsic pontine

iScience 29, 114564, February 20, 2026 13



https://doi.org/10.1001/jamaoncol.2021.2224
https://doi.org/10.1158/1078-0432.CCR-23-2959
https://doi.org/10.1158/1078-0432.CCR-23-2959
https://doi.org/10.1158/1078-0432.ccr-14-2588
https://doi.org/10.1200/JCO.2020.38.15_suppl.2568
https://doi.org/10.1158/1078-0432.CCR-17-3348
https://doi.org/10.1093/neuonc/nox175
https://doi.org/10.1007/s11060-011-0564-y
https://doi.org/10.1007/s11060-011-0564-y
https://doi.org/10.3174/ajnr.A3990
https://doi.org/10.1016/j.neuchi.2017.10.003
https://doi.org/10.1016/j.neuchi.2017.10.003
https://doi.org/10.1016/j.ccell.2016.03.002
https://doi.org/10.1016/j.ccell.2016.03.002
https://doi.org/10.1038/s41419-023-06167-3
https://doi.org/10.1158/1535-7163.MCT-12-0735
https://doi.org/10.1093/neuonc/not220
https://doi.org/10.1007/s11060-020-03457-0
https://doi.org/10.1007/s11060-014-1514-2
https://doi.org/10.1007/s11060-014-1514-2
https://doi.org/10.1093/neuonc/noaa266
https://doi.org/10.1093/neuonc/noaa266
https://doi.org/10.3389/fonc.2023.1101522
https://doi.org/10.3389/fonc.2022.828684
https://doi.org/10.1158/1538-7445.am2023-6185
https://doi.org/10.1158/1538-7445.am2023-6185
https://doi.org/10.1073/pnas.1911229117
https://doi.org/10.1016/j.nano.2020.102345
https://doi.org/10.1016/j.canlet.2020.11.028
https://doi.org/10.1016/j.canlet.2020.11.028
https://doi.org/10.3390/cancers13061220
https://doi.org/10.1016/j.biomaterials.2021.121138
https://doi.org/10.1016/j.biomaterials.2021.121138
https://doi.org/10.1007/s11060-024-04795-z
https://doi.org/10.1007/s11060-024-04795-z
https://doi.org/10.1158/1078-0432.CCR-19-3470
https://doi.org/10.1158/1078-0432.CCR-19-3470

¢? CellPress

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

14

OPEN ACCESS

glioma: A Children’s Oncology Group phase | consortium study. Neuro-
oncol. Adv. 4, vdac073. https://doi.org/10.1093/noajnl/vdac073.

Simovic, M., Bolkestein, M., Moustafa, M., Wong, J.K.L., Kérber, V., Ben-
edetto, S., Khalid, U., Schreiber, H.S., Jugold, M., Korshunov, A., et al.
(2021). Carbon ion radiotherapy eradicates medulloblastomas with chro-
mothripsis in an orthotopic Li-Fraumeni patient-derived mouse model.
Neuro Oncol. 23, 2028-2041. https://doi.org/10.1093/neuonc/noab127.

Reed, M.R., Lyle, A.G., De Loose, A., Maddukuri, L., Learned, K., Beale,
H.C., Kephart, E.T., Cheney, A., van den Bout, A., Lee, M.P., et al. (2021).
A Functional Precision Medicine Pipeline Combines Comparative Tran-
scriptomics and Tumor Organoid Modeling to Identify Bespoke Treat-
ment Strategies for Glioblastoma. Cells 70. Cells 710, 3400. https://doi.
org/10.3390/cells10123400.

Endersby, R., Whitehouse, J., Pribnow, A., Kuchibhotla, M., Hii, H.,
Carline, B., Gande, S., Stripay, J., Ancliffe, M., Howlett, M., et al.
(2021). Small-molecule screen reveals synergy of cell cycle checkpoint
kinase inhibitors with DNA-damaging chemotherapies in medulloblas-
toma. Sci. Transl. Med. 13, eaba7401. https://doi.org/10.1126/sci-
transimed.aba7401.

lzumchenko, E., Paz, K., Ciznadija, D., Sloma, I., Katz, A., Vasquez-
Dunddel, D., Ben-Zvi, |., Stebbing, J., McGuire, W., Harris, W., et al.
(2017). Patient-derived xenografts effectively capture responses to
oncology therapy in a heterogeneous cohort of patients with solid tu-
mors. Ann. Oncol. 28, 2595-2605. https://doi.org/10.1093/annonc/
mdx416.

Goto, T. (2020). Patient-Derived Tumor Xenograft Models: Toward the
Establishment of Precision Cancer Medicine. J. Pers. Med. 10, 64.
https://doi.org/10.3390/jpm10030064.

Zhou, R., Xu, A., Gingold, J., Strong, L.C., Zhao, R., and Lee, D.F. (2017).
Li-Fraumeni Syndrome Disease Model: A Platform to Develop Precision
Cancer Therapy Targeting Oncogenic p53. Trends Pharmacol. Sci. 38,
908-927. https://doi.org/10.1016/j.tips.2017.07.004.

Letai, A., Bhola, P.,, and Welm, A.L. (2022). Functional precision
oncology: Testing tumors with drugs to identify vulnerabilities and novel
combinations. Cancer Cell 40, 26-35. https://doi.org/10.1016/j.ccell.
2021.12.004.

Peterziel, H., Jamaladdin, N., EIHarouni, D., Gerloff, X.F., Herter, S., Fi-
esel, P., Berker, Y., Blattner-dJohnson, M., Schramm, K., Jones, B.C.,
et al. (2022). Drug sensitivity profiling of 3D tumor tissue cultures in the
pediatric precision oncology program INFORM. npj Precis. Oncol. 6,
94. https://doi.org/10.1038/s41698-022-00335-y.

Purzner, T., Purzner, J., Buckstaff, T., Cozza, G., Gholamin, S., Rusert,
J.M., Hartl, T.A,, Sanders, J., Conley, N., Ge, X, et al. (2018). Develop-
mental phosphoproteomics identifies the kinase CK2 as a driver of
Hedgehog signaling and a therapeutic target in medulloblastoma. Sci.
Signal. 11, eaau5147. https://doi.org/10.1126/scisignal.aau5147.
Brabetz, S., Leary, S.E.S., Grébner, S.N., Nakamoto, M.W., Seker-Cin,
H., Girard, E.J., Cole, B., Strand, A.D., Bloom, K.L., Hovestadt, V.,
et al. (2018). A biobank of patient-derived pediatric brain tumor models.
Nat. Med. 24, 1752-1761. https://doi.org/10.1038/s41591-018-0207-3.
Barbieri, F., Sparatore, F., Bonavia, R., Bruzzo, C., Schettini, G., and
Alama, A. (2002). Chemosensitivity of glioblastoma cells during treatment
with the organo-tin compound triethyltin(IV)lupinylsulfide hydrochloride.
J. Neuro Oncol. 60, 109-116. https://doi.org/10.1023/a:1020630214549.

iScience 29, 114564, February 20, 2026

89.

90.

1

92,

93.

94.

95.

96.

97.

98.

99.

100.

iScience

Moriyama, T., Kataoka, H., Tsubouchi, H., and Koono, M. (1995).
Concomitant expression of hepatocyte growth factor (HGF), HGF acti-
vator and c-met genes in human glioma cells in vitro. FEBS Lett. 372,
78-82. https://doi.org/10.1016/0014-5793(95)00949-a.

Bodell, W.J., Aida, T., Berger, M.S., and Rosenblum, M.L. (1986).
Increased repair of O6-alkylguanine DNA adducts in glioma-derived hu-
man cells resistant to the cytotoxic and cytogenetic effects of 1,3-bis(2-
chloroethyl)-1-nitrosourea. Carcinogenesis 7, 879-883. https://doi.org/
10.1093/carcin/7.6.879.

. Houghton, P.J., Cheshire, P.J., Hallman, J.D., Lutz, L., Friedman, H.S.,

Danks, M.K., and Houghton, J.A. (1995). Efficacy of topoisomerase | in-
hibitors, topotecan and irinotecan, administered at low dose levels
in protracted schedules to mice bearing xenografts of human tumors.
Cancer Chemother. Pharmacol. 36, 393-403. https://doi.org/10.1007/
BF00686188.

Little, J.B., Nove, J., Dahlberg, W.K., Troilo, P., Nichols, W.W., and
Strong, L.C. (1987). Normal cytotoxic response of skin fibroblasts from
patients with Li-Fraumeni familial cancer syndrome to DNA-damaging
agents in vitro. Cancer Res. 47, 4229-4234.

Chang, Q., Chandrashekhar, M., Ketela, T., Fedyshyn, Y., Moffat, J., and
Hedley, D. (2016). Cytokinetic effects of Wee1 disruption in pancreatic
cancer. Cell Cycle 15, 593-604. https://doi.org/10.1080/15384101.
2016.1138188.

Paassen, |., Williams, J., Rios Arceo, C., Ringnalda, F., Mercer, K.S.,
Buhl, J.L., Moreno, N., Federico, A., Franke, N.E., Kranendonk, M.,
et al. (2023). Atypical teratoid/rhabdoid tumoroids reveal subgroup-
specific drug vulnerabilities. Oncogene 42, 1661-1671. https://doi.org/
10.1038/s41388-023-02681-y.

Capper, D., Jones, D.T.W,, Sill, M., Hovestadt, V., Schrimpf, D., Sturm,
D., Koelsche, C., Sahm, F., Chavez, L., Reuss, D.E., et al. (2018). DNA
methylation-based classification of central nervous system tumours. Na-
ture 555, 469-474. https://doi.org/10.1038/nature26000.

Sommer, S., Buraczewska, ., and Kruszewski, M. (2020). Micronucleus
Assay: The State of Art, and Future Directions. Int. J. Mol. Sci. 27,
1534. https://doi.org/10.3390/ijms21041534.

Gantchev, J., Ramchatesingh, B., Berman-Rosa, M., Sikorski, D., Rav-
eendra, K., Amar, L., Xu, H.H., Villarreal, A.M., Ordaz, D.J.G., and Litvi-
nov, |.V. (2022). Tools used to assay genomic instability in cancers and
cancer meiomitosis. J. Cell Commun. Signal. 16, 159-177. https://doi.
org/10.1007/s12079-021-00661-z.

Niepel, M., Hafner, M., Mills, C.E., Subramanian, K., Williams, E.H.,
Chung, M., Gaudio, B., Barrette, A.M., Stern, A.D., Hu, B., et al. (2019).
A Multi-center Study on the Reproducibility of Drug-Response Assays
in Mammalian Cell Lines. Cell Syst. 9, 35-48.e5. https://doi.org/10.
1016/j.cels.2019.06.005.

Zheng, S., Wang, W., Aldahdooh, J., Malyutina, A., Shadbahr, T., Tanoli,
Z., Pessia, A., and Tang, J. (2022). SynergyFinder Plus: Toward Better
Interpretation and Annotation of Drug Combination Screening Datasets.
Genom. Proteom. Bioinform. 20, 587-596. https://doi.org/10.1016/].gpb.
2022.01.004.

Wiesenfarth, M., Reinke, A., Landman, B.A., Eisenmann, M., Saiz, L.A.,
Cardoso, M.J., Maier-Hein, L., and Kopp-Schneider, A. (2021). Methods
and open-source toolkit for analyzing and visualizing challenge resullts.
Sci. Rep. 11, 2369. https://doi.org/10.1038/s41598-021-82017-6.


https://doi.org/10.1093/noajnl/vdac073
https://doi.org/10.1093/neuonc/noab127
https://doi.org/10.3390/cells10123400
https://doi.org/10.3390/cells10123400
https://doi.org/10.1126/scitranslmed.aba7401
https://doi.org/10.1126/scitranslmed.aba7401
https://doi.org/10.1093/annonc/mdx416
https://doi.org/10.1093/annonc/mdx416
https://doi.org/10.3390/jpm10030064
https://doi.org/10.1016/j.tips.2017.07.004
https://doi.org/10.1016/j.ccell.2021.12.004
https://doi.org/10.1016/j.ccell.2021.12.004
https://doi.org/10.1038/s41698-022-00335-y
https://doi.org/10.1126/scisignal.aau5147
https://doi.org/10.1038/s41591-018-0207-3
https://doi.org/10.1023/a:1020630214549
https://doi.org/10.1016/0014-5793(95)00949-a
https://doi.org/10.1093/carcin/7.6.879
https://doi.org/10.1093/carcin/7.6.879
https://doi.org/10.1007/BF00686188
https://doi.org/10.1007/BF00686188
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref92
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref92
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref92
http://refhub.elsevier.com/S2589-0042(25)02825-1/sref92
https://doi.org/10.1080/15384101.2016.1138188
https://doi.org/10.1080/15384101.2016.1138188
https://doi.org/10.1038/s41388-023-02681-y
https://doi.org/10.1038/s41388-023-02681-y
https://doi.org/10.1038/nature26000
https://doi.org/10.3390/ijms21041534
https://doi.org/10.1007/s12079-021-00661-z
https://doi.org/10.1007/s12079-021-00661-z
https://doi.org/10.1016/j.cels.2019.06.005
https://doi.org/10.1016/j.cels.2019.06.005
https://doi.org/10.1016/j.gpb.2022.01.004
https://doi.org/10.1016/j.gpb.2022.01.004
https://doi.org/10.1038/s41598-021-82017-6

iScience ¢? CellPress
OPEN ACCESS

STARxMETHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Phospho-Histone H2A.X (Ser139) (20E3) Rabbit mAb
Polyclonal biotinylated goat anti-rabbit IgG antibody
a-CDK1 (phospho Y15) [BLR101H]

a-Cdk1/Cdk2 (AN21.2)

HSP90 (C45G5) Rabbit mAb

Wee 1 (B-11)

Cell Signaling Technology
Dianova

Abcam

Santa Cruz Biotechnology
Cell Signaling Technology
Santa Cruz Biotechnology

Cat# 9718, RRID:AB_2118009
Cat# 111-065-144

Cat# ab275958

Cat# sc-53219, RRID:AB_2120095
Cat# 4877, RRID:AB_2233307
sc-5285, RRID:AB_628447

Chemicals, peptides, and recombinant proteins

Advanced DMEM

Neurobasal medium

N2 supplement

B27 supplement

HEPES buffer

GlutaMAX

Penicillin-Streptomycin

Heparin Solution

epidermal growth factor (EGF) 20 ng/ml
fibroblast growth factor (FGF2) 10 ng/ml
Red Blood Cell Lysis Buffer

DMEM - high glucose

fetal bovine serum (FBS)

Custom SelleckChem drug library (See Table S1)
TDSU core library

Hoechst 33342

CellMask™ Deep Red Plasma Membrane Stain
NeuroGult™ NS-A Proliferation Kit
MEM alpha Medium

Staurosporine

IVISbrite D-Luciferin Potassium

TrypLE

Roti®-Histofix 4%

Haematoxylin

Eosin

Alkaline phosphatase streptavidin

RED

Haemalaun

Pierce Protease inhibitor Mini tablets
PhosSTOP

NuPAGE LDS Sample buffer (4x)
NuPAGE™ Sample Reducing Agent

Gibco

Gibco

Gibco

Gibco

Gibco

Gibco

Gibco

Stemcell Technologies
Peprotech

Peprotech

Roche

Sigma Aldrich

Sigma Aldrich
SelleckChem
Peterziel et al.®®
Thermo Fisher Scientific
Invitrogen

STEMCELL Technologies
Thermo Fisher Scientific
BIO-CONNECT BV
Revvity

Gibco

Roth

Morphisto

Leica

VectorLabs

Dako

Roth

Thermo Fisher Scientific
Roche

Thermo Fisher Scientific
Thermo Fisher Scientific

Cat# 12491015
Cat# 21103049
Cat# 17502001
Cat# 12587001
Cat# 15630056
Cat# 35050061
Cat# 15140122
Cat# 07980

Cat# AF-100-15
Cat# 100-18B
Cat# 11814389001
Cat# D5796-500ML
Cat# F7524-500ML
Cat# L2000

N/A

Cat# H3570

Cat# C10046
Cat# 05751

Cat# 12571063
Cat# 62996-74-1
Cat# 122799
Cat# 12605010
Cat# P087.5
Cat# 1193202500
Cat# 3801602E
Cat# SA-5100
Cat# 5005

Cat# T 865.3
Cat# A32953
Cat# 4906845001
Cat# NP0007
Cat# NP0004

Lipofectamine RNAIMAX Transfection Reagent Invitrogen Cat# 13778075
Critical commercial assays

CellTiter-Glo® 2.0 Cell Viability Assay Promega Cat# G9243
BCA Protein Assay Kit ThermoFisher Scientific Cat# 23225

(Continued on next page)
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REAGENT or RESOURCE SOURCE IDENTIFIER

Amersham ECL Prime Western Blotting Detection System GE Healthcare Cat# RPN2232SK

Caspase-3 Assay Kit (Fluorometric) Abcam Cat# ab39383

Deposited data

ProTrack: Pediatric Brain Tumor Petralia et al.?* http://pbt.cptac-data-view.org/
Tumor Medulloblastoma - Cavalli - 763 - Cavalli et al.*® GSE85217

rma_sketch - hugene11t

Tumor Medulloblastoma MAGIC - Northcott -
285 - rma_sketch - hugene11t

Normal cerebellum - Roth - 9 - MAS5.0 - u133p2

Northcott et al.>*

Roth et al.*®

GSE37382

GSE3526

Experimental models: Cell lines

Patient-derived xenograft line DKFZ-BT084
Patient-derived xenograft line LFS_primary
Patient-derived xenograft line HS231222
Patient-derived organoid line B062-008

Patient-derived organoid line B062-13315

Patient-derived organoid line MED113FH
Cancer cell line CAS-1

Cancer cell line MGBM-1

Cancer cell line SF-188

Cancer cell line SJI-GBM2
Non-cancerous cell line MDAH087

Purzner et al.®®

Simovic et al.””

This study

Meulenbroeks et al.,
manuscript in preparation
Meulenbroeks et al.,
manuscript in preparation

Brabetz et al.®’

Barbieri et al.®®

Moriyama et al.®®
Bodell et al.”
Houghton et al

Little et al.®

|91

RRID:CVCL_UK69
N/A
N/A
N/A

N/A

N/A
RRID:CVCL_1117
CVCL_W447
RRID:CVCL_6948
RRID:CVCL_M141
RRID:CVCL_E213

Experimental models: Organisms/strains

NOD.Cg-Prkdc®® I12rg/SzJ mouse strain
129-Trp53'™'Tyj/J mouse strain

The Jackson Laboratory
The Jackson Laboratory

JAX: 005557, RRID:IMSR_JAX:005557
JAX:002080, RRID:IMSR_JAX:002080

Oligonucleotides

ON-TARGETplus Human WEE1 siRNA (SMARTPool)
ON-TARGETDplus Non-targeting Control Pool
a-WEE1 shRNA (CCACCCAGAGTAATAGAACAT)

Dharmacon Reagents

Dharmacon Reagents

Chang et al.”®

Cat# L-005050-00
Cat# D-001810-10-05
N/A

Recombinant DNA

pGreenFire1-ISRE Lentivector
pLKO.1 - TRC cloning vector
shSCRAMBLE vector

System Biosciences, LLC
Addgene
Addgene

Cat# TRO16PA-1
Cat# 10878, RRID:Addgene_10878
Cat# 1864, RRID:Addgene_1864

Software and algorithms

Imaged (version 1.50b)

Fiji

CellProfiler version 4.1.3

Synergy Finder + (version 04.06.2023-R-3.8.2-dev)

Wayne Rasband and co., NIH
NIH

Broad Institute

University of Helsinki

https://imagej.nih.gov/ij/
https://imagej.net/software/fiji/
https://cellprofiler.org/
https://synergyfinder.org/

R version 4.2.2 GNU project https://www.r-project.org/
Other
Tecan SPARK Multimode Microplate Reader Tecan RRID:SCR_021897

ImageXpress Micro 4 High-Content Imaging System
Beckman Coulter Vi-CELL XR Cell Viability Analyzer
FACS Aria Il Flow Cytometry Cell Sorter

Multidrop Combi system dispenser

Tecan D3003 Digital Dispenser

CLARIOstarplus Microplate reader

Leica DM3000 LED microscope

Molecular Devices, LLC
Beckman Coulter, Inc.
Becton Dickinson
ThermoFisher Scientific
Tecan

BMG Labtech

Leica

N/A
RRID:SCR_019664
N/A

Cat# 17801692
Cat# FOL56A

N/A

N/A
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EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Animals
Animal experiment permits (G-193/21 and G-135/23) were issued by the Regional Council in Karlsruhe. In in vivo drug treatment and
in vivo target dependence experiments female NOD.Cg-Prkdcs®l12rg™™i//SzJ (NSG) mice were used. Intracranial patient-derived
xenograft (PDX) tumor cell injections were performed in 6-8-week old animals. Following LFS-associated SHH-MB PDX models were
injected: DKFZ-BT084%° (relapsed tumor), LFS_primary’® (gift from Prof. Aurélie Ernst, treatment-naive) and H$231222 (newly-estab-
lished model, treatment-naive). After tumor detection mice were randomly assigned into 4 treatment groups (4-5 animals/group)
without blinding.

In vivo toxicity assessment was performed in Trp53™ ' ™/J (Trp53*/") 129/sv female mice (gift from Pei-Chi Wei). At the age of 6-8-
weeks mice were randomly assigned into 4 treatment groups (3-4 animals/group) without blinding.

For both experiments group sizes were calculated using statistical power analysis.

Patient-derived organoid (PDO) tumoroid

Patient-Derived Organoid (PDO) tumor cells were established according to a modified protocol from Paassen et a in short, fresh
tumor material was cut into 1-3 mm? pieces, washed with PDO medium (50% Advanced DMEM (Gibco, cat.no. 12491015), 50%
Neurobasal (Gibco, cat.no. 21103049) supplemented with N2 (Gibco, cat.no. 17502001), B27 (Gibco cat.no. 12587001), HEPES
buffer (Gibco, cat.no. 15630056), GlutaMAX (Gibco, cat.no. 35050061), Penicillin-Streptomycin (Gibco, cat.no. 15140122), Heparin
Solution (Stemcell Technologies, cat.no. 07980), epidermal growth factor (EGF) 20 ng/mL (Peprotech, cat.no. AF-100-15), fibroblast
growth factor (FGF2) 10 ng/mL (Peprotech, cat.no. 100-18B)) and spun down at 250 x G at 4°C. In case of a visible red pellet, 2 mL of
Red Blood Cell Lysis Buffer (Roche, cat.no. 11814389001) was added and incubated for 5 minutes at RT. Next, the washing step was
repeated and cells were cryopreserved. Cells were cultured as three dimensional (3D) tumoroids in suspension platesina 37 °C, 5%
CO, incubator. PDO medium was refreshed every 3-4 days and cells were split every 2-3 weeks. All PDO models were classified as
SHH-MB based on DNA methylation array analysis (Table S6).%°

1.9%

Established cell lines

For in vitro drug screening experiments the following models were used: 4 human glioblastoma multiforme (GBM) cell lines: CAS-1,
MGBM-1, SF-188 and SJ-GBM2 (three latter cell lines were kindly provided by Prof. David Jones, DKFZ), SHH-medulloblastoma
(MB) cell line UW228-2. All cancerous cell lines were cultured using DMEM - high glucose (cat.no. D5796-500ML, Sigma Aldrich) +
10% heat-inactivated fetal bovine serum (FBS, cat.no. F7524-500ML, Sigma Aldrich) in a 37 °C, 5% CQO2 incubator and cells were
split every 3-4 days.

Non-cancerous LFS fibroblasts (MDAHO087, a gift from Prof. Aurélie Ernst) were using MEM alpha Medium (cat.no. 12571063,
Thermo Fisher Scientific) + 10% FBS + 1% GlutaMAX + 1% PenStrep in a 37°C, 5% CO2 incubator. Media was refreshed every
3-4 days and cells were split once a week.

All cell lines were regularly tested for mycoplasma contamination.

In vivo LFS PDX models

Cancer tumor samples were obtained as part of the ADDRess consortium project (approved by the ethics committee of the Hannover
Medical School, application number: 7233) included in the Cancer-Predisposition-Syndrome Registry 01. Establishment of PDX
models was described in the Method Details section (Establishing in vivo LFS PDX models).

METHOD DETAILS

Drug library

The drug library was constructed of 257 compounds provided by SelleckChem and 76 compounds constituting an internal TDSU
core library.®® All compounds were stored in form of 10 mM DMSO stock solutions at -80°C. Names of drugs, their targets and clas-
sification are listed in Table S1.

Single drug screening process

A pilot experiment for in vitro drug screening was conducted in 3 biological replicates using 4 human glioblastoma multiforme (GBM)
cell lines: CAS-1, MGBM-1, SF-188 and SJ-GBM2 (three latter cell lines were kindly provided by Prof. David Jones, DKFZ) and SHH-
MB cell line UW228-2. The cells were seeded in 384-well plate format at the appropriate density (CAS-1: 2500 cells/well, MGBM-1:
1250 cells/well, SF-188: 1500 cells/well, SJ-GBM2: 1500 cells/well, UW228-2: 1500 cells/well). After 24 hours DMSO (final concen-
tration: 0.1%, as a negative control), staurosporine (final concentration: 0.25 pM, as a positive control), benzalkonium chloride (BzCl,
final concentration: 100 uM, as a death control), as well as 52 selected drugs in 5 different concentrations (1 nM - 10,000 nM) were
added to the cell culture medium. Following 72-hour exposure cell viability was measured using CellTiter-Glo 2.0 Assay (cat.no.
G9241, Promega) and the Spark microplate reader (Tecan).
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The remaining 281 compounds were screened using the same conditions and concentration range in 3 cell lines representing LFS:
SJ-GBM2 (GBM; TP53 p.R273C), UW228-2 (SHH-MB, TP53 p.T155N), LFS fibroblasts (non-cancerous control, TP53p.R248W).
Seeding densities were as follows: SJ-GBM2: 1500 cells/well, UW228-2: 1500 cells/well, LFS fibroblasts: 3000 cells/well. The
drug was considered a positive hit, if it fulfilled the following criteria: 1) drug sensitivity score 3 (DSS3) score'® below 10 in non-
cancerous cell lines, 1) dDSS; (difference between DSS; in cancerous and non-cancerous cell line) above 20 for both cancer cell
lines.

To check for false positives the hits after the genotoxicity screen (see a paragraph below) drugs were validated using wider con-
centration range (0.1 — 10,000 nM) in 3 technical replicates in 3 independent biological replicates in SJ-GBM2, UW228-2, and LFS
fibroblasts using the same conditions as in the previous experiment.

DSS; (single drug screen and validation steps) and E,.x (validation step only) were estimated based on four-parameter logistic
curves.

Genotoxicity screen in the LFS fibroblasts

To evaluate genotoxicity of compounds, the Micronucleus Test (MNT)®°” method was used. A non-cancerous cell line, LFS fibro-
blasts, was exposed to a single drug in C,ax concentration available from clinical trials as indicated in Table S1 (or, if unavailable,
concentration causing 20% decrease of cell viability according to single drug screen results) for 120 h (5 technical replicates in 2 bio-
logical repeats). Afterwards the cells were washed once with sterile PBS and incubated with 1:1000 Hoechst 33342 (cat.no. H3570,
Thermo Fisher Scientific) and 1:1000 CellMask™ Deep Red Plasma Membrane Stain (cat.no. C10046, Invitrogen) for 30 minutes at
37°C. Next, the cells were visualized using ImageXpress Micro 4 High-Content Imaging System (Molecular Devices, LLC) and 4 im-
ages for each well were analyzed with CellProfiler version 4.1.3 (the pipeline described in the supplementary information).

Drug combination screen

Drugs were tested in combinations in vitro using TP53™" cancer cell lines SJ-GBM2 and UW228-2. Concentration range was esti-
mated based on the results of the single drugs screen, so that it included C4o-C,,ax relevant for both cell lines. Cell metabolic activity
was measured in the same way as in the single drug screen (3 technical replicates x min. 3 biological replicates for each condition).

Establishing in vivo LFS PDX models

Tumor samples from DADDR patients registered in the KPS registry were obtained according to the protocol posted on the ADDRess
project site (https://www.krebs-praedisposition.de/en/cps-research/address/). Material was minced and pipetted thoroughly until
obtaining a uniform cell suspension in NeuroCult™ NS-A Proliferation Kit (cat.no. 05751, STEMCELL Technologies). Cells were
counted using Vi-CELL XR Analyzer (Beckman Coulter, Inc.) and injected orthotopically into 5 NSG mice (10° cells / 4 uL / mice). Sur-
plus cells were frozen in supplemented NeuroCult medium + 10% DMSO in liquid nitrogen. Tumor growth was monitored with MRI
every 6 weeks. Mice showing clinical symptoms were sacrificed and tumor cells were isolated according to procedure described
above.

Additionally, tumor cells were labelled with luciferase. Two million cells were incubated in a well of 6-well plate with a lentivirus car-
rying GFP- and luciferase-expressing vector (pGreenFire1-ISRE Lentivector, System Biosciences, LLC) for 24 hours at 37°C / 5%
CO,. Transduced cells were washed with PBS and injected into 5 NSG mice according to procedure described above. Tumor growth
was monitored with in vivo imaging system (IVIS) every 6 weeks (IVISbrite D-Luciferin Potassium, cat. no 122799, Revvity). After tu-
mor isolation GFP-expressing cells were sorted with FACS Aria Il Flow Cytometry Cell Sorter (Becton Dickinson) and re-injected into
3 NSG mice. Cells isolated after the second round of PDX expansion were frozen and stored in liquid nitrogen. In order to test the
growth dynamics of a newly established PDX model, cells were injected again into 3-5 NSG mice and tumor growth was monitored
every 6 weeks with IVIS.

Drug treatment assays in PDOs

PDO tumor cells were collected, enzymatically dissociated using TrypLE (Gibco, cat.no. 12605010) and filtered through a 35 pm
mesh strainer (Falcon, cat.no. 352235). Cells were resuspended in fresh medium and plated (B062-13315: 1500 cells/well, BO62-
008/MED113FH: 2500 cells/well in 40 pL) in ultra-low attachment 384-well plates (Corning, cat.no. CLS3830) using the Multidrop
Combi system dispenser (ThermoFisher Scientific) and allowed to form 3D spheres in 24h. Tumoroids were treated with vincristine
and adavosertib using the Tecan D3003 Digital Dispenser. Cells were treated with DMSO as negative control and with Staurosporine
(10 pM) (BIO-CONNECT BV, cat.no. 62996-74-1) as positive control. Metabolic activity was measured 72h after drug treatment by
adding 40 pL of CellTiter-Glo 3D cell viability assay (Promega, cat.no. G9683) to each well, shake for 5 minutes using the Multidrop
Combi system dispenser and incubated at room temperature and in the dark for an additional 25 minutes. Thereafter, biolumines-
cence was measured using the CLARIOstarplus (BMG Labtech) plate reader. Results were normalized to DMSO negative controls
(100% viability) and Staurosporine positive controls (0% viability).

In vivo drug testing in LFS SHH-MB PDX models

Effect of adavosertib and vincristine on tumor growth was tested in 3 luciferase-expressing LFS-associated TP53™"* SHH-MB PDX
models: DKFZ-BT084,%° LFS_primary’® (gift from Aurélie Ernst) and HS231222. Cells (in number of 1.5510% / 4 pL) were injected
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orthotopically into cerebellum of 6-8-week old female NSG mice (Janvier Labs). Tumor growth was monitored and quantified by
weekly bioluminescence measurements. Upon tumor detection the mice were randomly assigned to the treatment groups and
treated for 4 weeks according to the following regime: adavosertib per os (p.o.) (60 mg/kg in 0.5% methylcellulose) 5 times/week,
vincristine via intraperitoneal injection (i.p.) (0.5 mg/kg in 0.9% NaCl) once weekly. The control group received treatment with solvents
only. All animals were monitored for both brain tumor- and drug toxicity-related symptoms and sacrificed when termination criteria
were fulfilled.

In vivo toxicity testing in LFS mouse models

Trp53™1 i/ (Trp53+/) 129/sv female mice (gift from Pei-Chi Wei) of age 6-8 week were treated with adavosertib and vincristine ac-
cording the same protocol as NSG mice injected with PDX models (see /n vivo drug testing in LFS-associated SHH-MB PDX models
method section). 4-week treatment period was followed by 4-week observation period to monitor for drug toxicity-related symptoms.
Afterwards the animals were sacrificed and organs (brain, liver, spleen and kidney) were extracted. Tissues were fixed for 48 hours in
Roti®-Histofix 4 % (cat.no. P087.5, Roth) followed by dehydration in 50% Ethanol. Formalin-fixed and paraffin-embedded (FFPE)
tissue sections were stained with haematoxylin (cat.no. 1193202500, Morphisto) and eosin (cat.no. 3801602E, Leica) for histological
assessment. For yH2AX (p-S139) staining 4 pm FFPE tissue sections were cut, deparaffinized and re-hydrated. Following antigen
retrieval by treatment with citrate buffer (pH 6.0), slides were sequentially incubated with: monoclonal rabbit anti-yH2AX (p-S139)
primary (1:500) (cat.no. 9718, Cell Signaling), polyclonal biotinylated goat anti-rabbit IgG antibody (1:400) (Dianova # 111-065-
144) and alkaline phosphatase streptavidin (1:200) (VectorLabs, #SA-5100). RED (Dako #5005) and Haemalaun (Roth # T 865.3)
were used as chromogen and counterstaining, respectively. Antibody- and H&E-stained specimens were evaluated by the pathol-
ogist (T.G.P.G.). Images were taken with the Leica DM3000 LED microscope (10-fold magnification) and analyzed using Fiji v.2.16.0
(Java 8) and R version 4.2.2 (packages ggplot2 and ggsignif). Post analysis contrast of presented images was increased by 75%.

Adavosertib pharmacodynamic marker

SJ-GBM2 and UW228-2 cell lines were treated with adavosertib (100 nM, 300 nM) for 8 and 24 hours. Protein concentration of cell
lysates were estimated using the Pierce BCA Protein Assay Kit (cat. no. 23225, ThermoFisher Scientific). For detecting CDK1 phos-
phorylation the following antibodies were used: a-CDK1 (phospho Y15) [BLR101H] (cat.no. ab275958, Abcam), a-Cdk1/Cdk2
(AN21.2) (cat.no. sc-53219, Santa Cruz Biotechnology, Inc.), a-HSP90 (cat.no. 4877, Cell Signaling Technology). Western blot bands
were visualized using Amersham ECL Prime Western Blotting Detection System (cat. no. RPN2232SK, GE Healthcare) and quantified
using ImagedJ (version 1.50b, Wayne Rasband and co., NIH). Post analysis brightness and contrast of presented images was
increased by 50%.

LFS SHH-MB (LFS_primary and HS231222) PDX samples were extracted from mice one hour after treatment administration (see
Method section “In vivo drug testing in LFS-associated SHH-MB PDX models™). Tumor cells were isolated, mixed with RIPA buffer
including protease (Pierce Protease inhibitor Mini tablets, Thermo Fisher Scientific, cat. no. A32953) and phosphatase inhibitors
(PhosSTOP, Roche, cat. no. 4906845001) and incubated on ice for 30 minutes with vortexing every 10 minutes. Next, the lysates
were spun at 20000 rpm / 4°C for 30 minutes and the supernatant was mixed with Sample buffer (NUPAGE LDS Sample buffer
(4x), Thermo Fisher Scientific, cat. no. NP0007) and (NUPAGE™ Sample Reducing Agent, Thermo Fisher Scientific, cat. no.
NP0004), then boiled for 10 minutes at 70°C. Prepared samples were used for detecting proteins as described for SJ-GBM2 and
UW228-2 cell lines.

WEE1 knockdown in TP53™"! brain tumor models

SJ-GBM2 and UW228-2 cells were transfected with ON-TARGETplus Human WEE1 siRNA (SMARTPool, cat.no. L-005050-00, Dhar-
macon Reagents) using Lipofectamine RNAIMAX Transfection Reagent (cat. no. 13778075, Invitrogen). WEE1 knockdown at protein
level was confirmed by Western blot (a-WEE1 antibody [B-11], cat.no. sc-5285, Santa Cruz Biotechnology). After 72 hours cell
viability was measured as described in Single drug screening method section. Caspase assay was performed 48 hours after treat-
ment according to manufacturer instructions (cat.no. ab39383, Abcam).

LFS_primary PDX cell line was transduced with lentiviral particles (10 particles/cell) containing pLKO.1 — TRC cloning vector
(Plasmid #10878, Addgene) with a-WEE1 shRNA (CCACCCAGAGTAATAGAACAT).®® After 24 hours cells were injected orthotopi-
cally into 5 NSG mice and their growth was monitored as described in Establishing in vivo LFS PDX models method section.
LFS_primary cells transduced with shSCRAMBLE vector (Plasmid #1864, Addgene) were used as a negative control.

QUANTIFICATION AND STATISTICAL ANALYSIS

Reproducibility of in vitro drug screening

The method to compare biological replicates was adapted from Niepel et al. 2019.°¢ First, the data were analysed using R-based
software (drc, GRmetrics, stats and DSS packages). For each compound parameters derived from curve fitting (IC50 — inhibitory con-
centration 50, DSS - Drug Sensitivity Score, log(GR50) — logarithm of Growth Rate inhibition by 50%, GRmax — maximal Growth Rate
inhibition, AOC — Area Over the Curve) as well as standard deviations (SD, Equation 1) and standard errors (SE, Equation 2) were
calculated. SD and SE range of respective parameters are presented in Table S7.
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—\2
c = % Equation 1
SE = % Equation 2

where ¢ — standard deviation, SE — standard error, x — average value of a calculated parameter, X - each value from the dataset,
n — sample size, i.e. in Equation 1 number of data points calculated for this dataset (4 cell lines x 52 compounds = 208 data points),
in Equation 2 number of biological replicates (3).

All the calculated statistical values for the chosen parameters shown in Table S7 are comparable with average measurement vari-
ability obtained by a single scientist in a single research facility presented in Niepel et al. 2019.°° These results suggest that our data
reproducibility was sufficient to reduce number of biological replicates from n=3 to n=1 for the purpose of medium-throughput drug
screen.

Genotoxicity testing in LFS fibroblasts
The MNT score for a specific compound was calculated according to a following formula:

MINT score — number of m/cronuc‘:/e/
number of nuclei

Resulting MNT scores were compared to negative (DMSO) and positive (mitomycin C) control scores using Welch t-test (R version

4.2.2, packages stat, ggplot2). If scores were statistically different from positive control, then the compound was classified as non-

genotoxic. If scores were statistically different from negative control, then the compound was classified as genotoxic.

Drug combination screen

For established in vitro cell lines synergy scores were estimated using SynergyFinder+ (version 04.06.2023-R-3.8.2-dev)®® and
ranked using the challengeR (version 1.04 in R version 4.2.2)."°C In analysis of the results from PDO lines Synergy finder+ was
used and growth curves were generated using R version 4.2.2 (package drc). Presented synergy scores are averages across 3 bio-
logical replicates (each with two technical replicates, from which a mean value was calculated).

WEE1 knockdown in TP53™" brain tumor models
Western blot bands were quantified using ImageJ (version 1.50b, Wayne Rasband and co., NIH). The readouts from 3 biological rep-
licates were analyzed using R version 4.2.2 (packages ggplot2, DSS, stats) and presented as mean values with standard deviations.

WEE1 expression and adavosertib sensitivity score

The mRNA levels for selected genes were obtained: for pediatric brain tumors from Petralia et al. 2020,%° for medulloblastoma from
Cavalli et al. 2017° and Northcott et al. 2017 and for human cerebellum from Roth et al. 2006.%° Adavosertib sensitivity score was
calculated based on expression signature described in Mayoh et al. 2023°° as a sum of log, values. The analysis was performed using
R version 4.2.2 (packages ggplot2, ggsignif and stats).

Animal experiments

At the stage of designing experiments, a power analysis was performed for BT084 and LFS_primary models using R version 4.1.0
(type | error: 5%, type Il error: 20%). Survival, IVIS readout and weight was analyzed using R version 4.2.2 (packages stat, ggplot2,
ggsignif, survival, survminer and stats). Images were analyzed using Fiji v.2.16.0 (Java 8) and R version 4.2.2 (packages ggplot2 and

ggsignif).
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