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Abstract

Background: Medulloblastoma is the most common malignant pediatric brain tumor, exhibiting significant genetic
heterogeneity. Mutations in TP53 and CTNNB1 have been implicated in tumorigenesis, prognosis, and treatment response.
However, their precise role in medulloblastoma remains incompletely understood. This study aimed to analyze TP53 and
CTNNBH1 variants in Kazakhstani pediatric medulloblastoma patients and assess their clinical significance.

Methods: A retrospective analysis was conducted on 33 pediatric medulloblastoma cases from 2015 to 2023. Formalin-
fixed paraffin-embedded (FFPE) tumor tissues were used for DNA extraction and Sanger sequencing of TP53 (exons 4, 5, 6,
7, 8) and CTNNB1 (exons 3, 4). Genetic variants were classified using ClinVar, ACMG guidelines, and AMP classification.
Statistical associations between mutations, clinical features, and outcomes were assessed.

Results: Among 28 successfully sequenced cases, seven TP53 variants were identified: ¢.214_215delinsTG
(p.Pro72Cys), ¢.215_216delinsGT (p.Pro72Arg), ¢.300G>A (p.GIn100=), ¢.356C>G (p.Ala119Gly), ¢.357C>G (p.Ala119=),
c.782+10C>G (splice-region), and ¢.817C>G (p.Arg273Gly). The p.Pro72Arg variant was significantly associated with
metastasis (p = 0.008). The ¢.356C>G (p.Ala119Gly) variant, previously linked to Li-Fraumeni syndrome, was detected in
one case. No variants were found in exons 3 and 4 of CTNNB1.

Conclusion: This study highlights the role of TP53 mutations in medulloblastoma progression, particularly their
association with metastasis. The absence of CTNNB1 mutations suggests that WNT pathway activation may be rare in this
cohort. Further studies with larger sample sizes and functional validation are needed to clarify the prognostic and therapeutic
implications of TP53 mutations in pediatric medulloblastoma.
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4 MHCTUTYT N3y4yeHusi nocrneacTBU aToMHOM 6omGapamnpoBky, OTaen onyxoneBon U AMarHoCTUHECKOMN
natomopconorum, YHnsepcutet Haracaku, r. Haracaku, AnoHus;

Kasaxckui HaumoHanbHbIA YyHUBepcuTeT MMeHU anb-®apabu, Bbiclasa megMuuHckas wkona, PakynbTeT
MeOULMHbI U 3apaBooxpaHeHus, r. AnmaTbl, Pecnybnuka KasaxcraH;
6)’HwBepcmeT LLUsHbYWK3HA, . LU3HbYX3HbL, Kutanckana HapogHas Pecnybnuka.

BBepeHune: Megynnobrnactoma — camasi pacnpoCTpaHEHHas 3MOKayYeCTBEHHAs! OMyXONb TOMIOBHOTO MO3ra y [eTen,
XapaKTEPM3YLLAACA 3HAUMTENbHBIM TEHETUYECKUM pasHoobpasnem. Mytaumm B reHax TP53 u CTNNB1 urpatot ponb B
onyxoneobpa3oBaHui, NPorHo3e u OTBeTe Ha neveHne. OpHaKo MX TOYHas ponb Mpu Meaynnobnactome A0 KOHUa He
nsyyeHa. Llenbio HacTosiwero uccnefosaqus ssunock u3yderue sapuaHtoB TP53 n CTNNB1 y kasaxcraHckux feTen ¢
MeZynnobnactoMoi 1 OLEeHKa UX KTMHUYECKOTO 3HAYEHUS.

Metogbl: bbin npoBeaéH peTpocnekTUBHbIA aHanu3 33 cnyyaeB geTckoit Megynnobnactombl 3a nepuwog ¢ 2015 no
2023 rog. Ons skctpakumm OHK u nocnepytowero cekseHupoBanus no CaHrepy reHoB TP53 (3k3oHbl 4, 5, 6, 7, 8) u
CTNNB1 (3k30HbI 3, 4) MCMIONB30BaNMCL ONYXONEBbIE TKAHM, PUKCUPOBAHHBIE B hopmanuHe 1 3anuTble B napaduH (FFPE).
l'eHeTUYeCKMe BapuaHTbI knaccuuumpoBanuck cornacHo 6ase aanHbix ClinVar, pekomengaumam ACMG u knaccudukaumm
AMP. CraTuctuyeckas cBs3b MeXay MyTaLUsMi, KIMHUYECKUMM XapakTepucTukamn 1 ucxogamu bbina npoaHanuanpoBaHa.

Pesynbtatbl: 13 28 ycnmewHo CekBeHWMpOBaHHbIX 00pa3uyoB Obinn  BbisIBNEHbl CeMb  BapuaHToB  TP53:
.214_215delinsTG (p.Pro72Cys), c.215_216delinsGT (p.Pro72Arg), ¢.300G>A (p.GIn100=), ¢.356C>G (p.Ala119Gly),
¢.357C>G (p.Ala119=), ¢.782+10C>G (obnactb cnnaicutra) u ¢.817C>G (p.Arg273Gly). BapuaHT p.Pro72Arg nokasan
3HauMmylo accoupaumio ¢ metactasuposaHuem (p = 0.008). Bapuant ¢.356C>G (p.Ala119CGly), paHee cBSi3aHHbIA C
cuHgpomom Jn-®paymenn, bbin BoisiBreH B ogHOM cnyyae. B ak3oHax 3 u 4 reHa CTNNB1 myTauuit He obHapyxeHo.

3aknioueHue: [laHHOe MccrnenoBaHMe NoaYEPKNBAET ponb MyTauui TP53 B nporpeccupoBaHui Meaynnobnactoml, B
0CcOBEHHOCTY WX CBS3b C MeTacTasupoBaHueM. OTcyTcTene myTaumin B CTNNB1 ykasbiBaeT Ha peakocTb akTuBaumm WNT-
nyT B JaHHOM koropTe. [ns 6onee TOYHOW OLIEHKM MPOTHOCTUYECKOTO W TepaneBTUYECKOrO 3HaYeHUs MyTauuin TP53 npu
AeTckon megynnobnactome HeobxoaUMbl anbHENWNe NCCNEA0BaHNS € BOMbLUMM YMCIOM NALMEHTOB U (YHKLMOHAMBHOM
Banuaaumen.

Knroyeebie cnoea: medynnobnacmoma, TP53, CTNNB1, onyxonb 207108H020 Mo32a y demeli, 2eHemuyeckue
Mymauuu, cekseHuposaHue no CaHeepy.
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Tyiingeme
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Kipicne: Menynnobnactoma — Gananap apacblHia e, Wi Ke3fmeceTiH katepni mMu iciri 6onbin Tabbinagsl kaHe
reHeTMKanblk, TypfbifaH anfaHda auTapnbikTan apTypninikneH cunattanagel. TP53 xeHe CTNNB1 reHgepingeri
MyTauusnap iciktih naiga OonybiHa, GomkamblHa ksHe ewmre xayan OepyiHe acep eTyi MyMkiH. Anaiga, 6yn
MyTauusnapablH, Megynnobnactoma KesiHeri HakTbl perni TOnblk, aHblkTanmafaH. Ocbl 3epTTeydiH, MakcaTtbl —
KasakCTaHgblk 0Oananap apacbiHgafsbl Mepynnobrnactoma xarpannapsiHga  TP53  xeHe CTNNB1  reHgepiHi
BapuaHTTapblH Tanaan, onapabiH, KMHUKaNbIK MaHbI3abiNblFbIH 6aranay.

opictep: 2015 xbingaH 2023 xbinFa geniHri apanbikTa 6ananap apaceliHpasbl 33 Megynnobnactoma xafgamblHa
peTpoCnekTUBTI Tangay xyprisingi. ®opmanuHmer 6exirinin, napaduHre canoiiead (FFPE) icik TiHoepiHeH OHK 6enin
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anbiHbin, TP53 (4, 5, 6, 7, 8-ak3oHaap) xaHe CTNNB1 (3, 4-ak3oHaap) reHgepiHe CaHrep cekseHupreyi xyprisingi.
l'eHeTukanblk BapuaHTTap ClinVar gepekkopbl, ACMG Hyckaynblbl xaHe AMP knaccudukauuscsl GoiibiHWa cunattangsbl.
MyTauwsinap MeH KnuHMKarblk, KepCeTKILLTEp apacbiHaarbl CTaTUCTUKanbIk, GailnaHbiCTap TangaHzbl.

Hatuxenep: CaTTi cekBeHupneHreH 28 xargaigpblH, iwiHoe TP53 reHiHiv Kkeneci xeTi BapuaHTbl aHbIKTangbl:
€.214_215delinsTG (p.Pro72Cys), ¢.215_216delinsGT (p.Pro72Arg), ¢.300G>A (p.GIn100=), ¢.356C>G (p.Ala119Gly),
¢.357C>G (p.Ala119=), ¢.782+10C>G (cnnaicuHr aymasbl), xaHe ¢.817C>G (p.Arg273Gly). p.Pro72Arg BapuaHTbl
MeTacTasbeH craTucTukarnblk Typae ceHimai 6ainanbic kepcetTi (p = 0.008). byraH geliH Jiu-OpaymeHn cuHAPOMbIMEH
BannanbicTbipbinFaH €.356C>G (p.Ala119Gly) BapuanTtbl 6ip Haykacta adbikTangbl. CTNNB1 reHiHiH, 3 xoHe 4-
9K30HOApbIHAA eLUKaHAaN MyTaLms TabblnFaH oK.

KopbITbiHAbL: byn 3epTTey TP53 MyTauusnapbiHbiH, MeaynnobnactoMaHbiH, epluyiHaeri, acipece MertacTasbeH
GainaHbicbiHgarbl peniH kepceTedi. CTNNB1 mytaumsanapbiHbib, 6onmaybl WNT XonbiHbIH, akTuBauuscel Oyn koropTaga
cupek kesaeceTiHiH bingipeai. TP53 mMyTauusnapbiHbiH, DOMKaMAbIK KaHE Tepanusmblk MaHIH HAKTbiNay yLUiH yIKeHipek
yIri KenemimeH xaHe (PYHKLMOHaNAbIK, 3epTTEYNEPMEH KOChIMLLA XYMbICTap KaXeT.

Tylindi ce3dep: medynnobnacmoma, TP53, CTNNB1, 6ananap mu iciei, eeHemukanbix Mymauyusinap, CaHeep
ceKgeHuprneyi.
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Introduction medulloblastoma, revealing that inherited genetic mutations
Medulloblastoma, the most common malignant brain  play a more significant role than previously recognized. The
tumor in children, represents a significant challenge in largest systematic analysis of genetic susceptibility in
pediatric oncology due to its aggressive nature and the  medulloblastoma involved screening 110 known cancer
complexity of its treatment. Arising from the cerebellum or  predisposition genes in a large patient cohort. They
posterior fossa, this tumor accounts for approximately 20%  identified six genes, APC, PTCH1, SUFU, TP53, BRCA2,
of all pediatric brain tumors. Its incidence peaks between  and PALB2, that exhibited significantly higher mutation
ages 3 and 8, highlighting a critical period in child  rates in medulloblastoma patients compared to a control
development where the impact of both the disease and its  group of 58,000 healthy individuals [23]
treatment can be profound. Despite advancements in Expanding on these findings, ongoing research is now
multimodal treatment approaches, including surgery,  focusing on the molecular properties of medulloblastoma to
radiation, and chemotherapy, medulloblastoma remains a  develop novel therapeutic strategies and refine existing
leading cause of cancer-related morbidity and mortality in  treatment protocols. By further characterizing the genetic
children. Recent strides in molecular biology have begunto  landscape of this pediatric brain tumor, scientists aim to
unravel the genetic and epigenetic underpinnings of this  uncover additional inherited mutations and epigenetic
heterogeneous disease, paving the way for more targeted ~ modifications that may inform both prognosis and treatment
and less toxic therapeutic strategies [12] approaches. A deeper understanding of the interplay
However, even in world medicine, the practical use of  between germline and somatic genetic alterations is crucial
such approaches is limited. There are currently 4 major  for advancing precision medicine in medulloblastoma, with
genetic types of medulloblastoma with many subtypes, in  the ultimate goal of improving patient outcomes [25].
this connection, some hypotheses have been put forward Medulloblastoma exemplifies genetic complexity, with four
about the deescalation of therapy [20]. distinct molecular subgroups, WNT, SHH, Group 3, and Group
The genetic landscape of pediatric cancers significantly 4, each defined by specific genomic alterations. The genetic
differs from adult cancers, characterized by fewer somatic ~ mechanisms of Group 3 and Group 4 tumors remain
mutations and a higher frequency of germline alterations in  particularly unclear, highlighting the importance of molecular
cancer predisposition genes. Pediatric tumors frequently  characterization for diagnosis and therapy [19, 26].
present unique genetic alterations, including gene fusions, Among key genes frequently implicated in pediatric
enhancer hijacking, and structural variations such as  cancers, TP53 and CTNNB1 play critical roles. TP53, a
chromothripsis, adding complexity to their genomic profiles.  well-known tumor suppressor gene, is frequently mutated in
These complexities underscore the need for molecularly  various pediatric  tumors, including subsets  of
targeted diagnostic and treatment strategies [23]. medulloblastoma, particularly within the SHH subgroup.
Genetic research plays a pivotal role in advancing the ~ Germline TP53 mutations predispose individuals to Li-
understanding and treatment of medulloblastoma, particularly ~ Fraumeni syndrome, characterized by increased cancer
in pediatric patients. This malignant brain tumor, which primarily ~ risk, including medulloblastoma. TP53 mutations in
affects children, has been linked to several genetic syndromes, ~ medulloblastoma are often linked with chromothripsis
including Li-Fraumeni and Gorlin syndromes. However, the  events, significantly contributing to tumor pathogenesis and
specific predisposition genes contributing to medulloblastoma  associated with poor clinical outcomes [22, 26].
risk remain incompletely defined. CTNNB1 encodes B-catenin, a key component of the
Building on this foundation, recent studies have  canonical WNT signaling pathway. Mutations in CTNNB1 are
underscored the importance of germline predisposition in  hallmark genetic events in WNT-activated medulloblastomas.
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Somatic mutations in exon 3 of CTNNB1 lead to constitutive
activation of WNT signaling, promoting uncontrolled cellular
proliferation. Notably, the presence of germline APC mutations,
responsible for familial adenomatous polyposis, also strongly
correlates with the WNT subgroup, although such mutations
represent only a small fraction of overall medulloblastoma
cases [22, 26).

Considering the pivotal roles of TP53 and CTNNB1 in
pediatric tumor biology, targeted sequencing of these genes
is crucial for deeper insights into their contributions to
tumorigenesis and for improving patient stratification and
tailored therapeutic approaches. This study aims to further
elucidate the genetic basis and clinical implications of
mutations in these critical tumor-associated genes,
expanding our understanding of pediatric medulloblastoma
genetics [14].

Materials and methods

Sample Collection

We retrospectively randomly selected 33 pediatric
cases of medulloblastoma that were surgically removed at
the National Scientific Center of Neurosurgery (Astana,
Kazakhstan), between 2015 and 2023. These cases were
available for analysis. All available specimens consisted of
formalin-fixed paraffin-embedded (FFPE) tumor tissues.
Histological diagnosis for all cases was reviewed at the
Department of Tumor and Diagnostic Pathology, Nagasaki
University (Nagasaki, Japan) according to the diagnostic
criteria of the WHO classification of tumors of the central
nervous system (2021).

Ethical approval for this study was obtained from the
Local Ethics Committee of Astana Medical University (Ne24
of November 11, 2022 of Protocol Ne2), and written
informed consent was obtained from the parents or legal
guardians of all patients in accordance with the Declaration
of Helsinki.

DNA Extraction

For the analysis of p53 and CTNNB1 mutations,
genomic DNA (gDNA) was individually extracted from FFPE
tissues by macrodissection. Each 10 um thick FFPE section
was deparaffinized in 80% xylene in a tube. The
deparaffinized sample was then washed twice with absolute
ethanol and centrifuged at 15,000 g for 15 minutes at 20°C.
After drying, the samples were digested with proteinase K
overnight at 56°C. DNA extraction was performed using the
Maxwell RSC DNA FFPE Kit (Promega, Madison,
Wisconsin, USA) and the Maxwell RSC Instrument
(Promega) according to the manufacturer's protocol. The
concentration of double-stranded DNA was quantitatively
determined using the QuantiFluor ONE dsDNA system
(Promega).

Sequencing and bioinformatics

For the analysis of gene mutations, MB components
were microdissected from each FFPE section and
transferred separately into tubes. DNA was extracted using
the QlAamp DNA Mini Kit (Qiagen, Hilden, Germany) and
checked for genetic alterations. Details of the PCR
conditions for detecting genetic alterations are summarized
in Table 1.

Table 1.
Details of Genetic Alteration Analyses.
Gene Exon Primer sequence g . Ampllcatlon # of cycles
temperature, *C size, bp
Exon 4 5-TCTGACTGCTCTTTTCACCCA-3 60 360 35
5-TGGAAGCCAGCCCCTCAG-3'
Exon’5 5-ACGCCAACTCTCTCTAGCTC-3 60 540 35
5-AACCAGCCCTGTCGTCTC-3
053 Exon 6 5-CTGCTGCTTATTTGACCTCCC-3 60 190 35
5-ATCTCCCAACCTCGTGATCC-3
Exon 7 5-TTGGGCCTGTGTTATCTCCT-3' 60 300 35
5-GGGTCAGAGGCAAGCAGA-3
Exon 8 5-GGACCTGATTTCCTTACTGCC-3' 60 300 35
5-GCTTCTTGTCCTGCTTGCTT-3'
Exon 3 5:-TCTGCTTTTCTTGGCTGTCT-3‘ ’ 63 480 45
CTNNB 1 5,-GTTCTCAAAACTGCATTCTGACT-:?
Exon 4 5-TGCTGAACTGTGGATAGTGAGT-3 63 480 45
5-TCCCCTTGAGCATTTACTTCAA-3

Amplicon aliquots were treated with Exo-SAP-IT (USB
Corp., Cleveland, OH, USA) and sequenced on an ABI Prism
3130 automated capillary DNA sequencer (Applied
Biosystems, Foster City, California, USA) using the BigDye
Terminator cycle sequencing ready reaction kit 3.1 (Applied
Biosystems).

Statistical analyses. Statistical analyses were performed
using Jamovi software (version 2.6.17). Categorical variables
were analyzed using or Chi-square tests. The association
between genetic variants and clinical characteristics, including
tumor stage, metastasis, therapy response, and survival
outcomes, was assessed. A p-value <0.05 was considered
statistically significant

Results

Total 33 pediatric patients diagnosed  with
medulloblastoma were included in this study (Table 2). The
mean age at diagnosis was 8.64 years (SD = 4.25, range =
1-17 years, median = 8 years). The cohort consisted of 22
males (66.7%) and 11 females (33.3%).

Tumor staging was determined according to the TNM
classification. Two patients (6.1%) were classified as T1, 15
patients (45.5%) as T2, three patients (9.1%) as T3A, ten
patients (30.3%) as T3B, and three patients (9.1%) as T4.
Metastatic disease was observed in nine patients (27.3%), with
24 patients (72.7%) classified as MO, one patient (3.0%) as M1,
two patients (6.1%) as M2, and six patients (18.2%) as M3.
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Following tumor resection, tumor size classification was
recorded. Thirteen patients (39.4%) had S1 tumors, ten
patients (30.3%) had S2 tumors, eight patients (24.2%) had S3
tumors, and two patients (6.1%) had S4 tumors. Magnetic
resonance imaging (MRI) volumetric assessment showed that
14 patients (42.4%) had no residual tumor (0 cm?), while eight
patients (24.2%) had a residual tumor volume of 1 cm? nine
patients (27.3%) had 2 cm?, and two patients (6.1%) had 4 cm?.

Table 2.
The clinical characteristics of pediatric
medulloblastoma patients in Kazakhstan.
Variable n %
Gender Male 22 33.3
Female 11 66.7
T1 2 6.1
T2 15 455
Initial tumor size  |T3A 3 9.1
T3B 10 30.3
T4 3 9.1
MO 24 72.7
. M1 1 3.0
Metastasis M2 9 6.1
M3 6 18.2
S1 13 394
Size after surgery 82 10 30.3
S3 8 24.2
S4 2 6.1
0 14 42.4
1 8 24.2
Volume by MRI 2 9 273
4 2 6.1
Classic 10 30.3
Histology Nodular 21 63.6
Extensive nodular |2 6.1
Remission 15 46.9
Treatment results |Stabilization 13 40.6
Progression 4 12.5
Outcome Alive 28 84.8
Dead 5 15.2

Histopathological analysis revealed that ten patients
(30.3%) had the classic medulloblastoma variant, while the
majority of patients (63.6%) had the nodular variant. Two
patients (6.1%) had the extensive nodular variant.

Patients underwent different treatment regimens, including
chemotherapy alone, which was administered to seven patients
(21.2%), chemotherapy combined with radiotherapy, which
was given to 23 patients (69.7%), and chemotherapy with
radiotherapy followed by hematopoietic cell transplantation,
which was used in three patients (9.1%). At the time of follow-
up, 15 patients (46.9%) had achieved remission, while 13
patients (40.6%) exhibited disease stabilization, and four
patients (12.5%) experienced disease progression. Overall, 28
patients (84.8%) were alive, while five patients (15.2%) had
succumbed to the disease.

DNA sequencing was successfully performed on 28
patients, as five samples were excluded due to poor DNA
quality. Analysis of CTNNB1 revealed no any variants in exons
3 and 4. Among the 28 patients whose DNA sequencing was
successfully performed, several variants in the TP53 gene were
identified. These variants included missense mutations,
synonymous changes, and splice-region alterations, primarily
located in exons 4, 7, and 8 (Tables 3 and 4). The most
frequently detected variants were ¢.300G>A (p.GIn100=) and
¢.215_216delinsGT (p.Pro72Arg) in exon 4, with frequencies of
0.64 and 0.68, respectively. Other detected variants included
c.214_215delinsTG (p.Pro72Cys), ¢.356C>G (p.Ala119Gly),
¢.357C>G (p.Ala119=), ¢.782+10C>G (splice-region variant in
exon 7), and ¢.817C>G (p.Arg273Gly) in exon 8.

The classification of TP53 variants based on AMP,
ACMG, and ClinVar criteria indicated that c.817C>G
(p.Arg273Gly) was  pathogenic, while ¢.356C>G
(p.Ala119Gly) was likely pathogenic. Other variants,
including c¢.214_215delinsTG, ¢.215_216delinsGT, and
c.357C>G, were categorized as variants of uncertain
significance (VUS). The ¢.300G>A variant was classified as
likely benign, with low oncogenic support.

The analysis of TP53 variants in 28 patients revealed
significant differences in the distribution of mutations
across clinical and pathological variables (Table 5).
Among the four most frequently identified variants,
c.214_215delinsTG, ¢.215_216delinsGT, ¢.300G>A, and
c.357C>G, there were no statistically significant
differences in their occurrence between male and female
patients. The presence of these variants also did not
show a significant correlation with patient age, as the
distribution remained relatively uniform across different
age groups.

Table 3.
Identified variants in TP53 gene (N=28).
Genetic variant Protein sequence rs Variant type Location f (study) f
variant (population)
c.214_215delinsTG p.Pro72Cys rs730882014 Missense Exon 4 0.25 N/A
c.215_216delinsGT p.Pro72Arg rs878854066 Missense Exon 4 0.68 N/A
¢.300G>A p.GIn100= rs1597373952  |Synonymous Exon 4 0.64 N/A
€.356C>G p.Ala119Cly rs2073451331 Missense Exon 4 0.036 N/A
c.357C>G p.Ala119= - Synonymous Exon 4 0.18 N/A
c.782+10C>G - - Splice region Exon 7 0.036 N/A
c.817C>G p.Arg273Cly rs121913343 Missense Exon 8 0.071 N/A

Metastasis status was significantly associated with the

presence of TP53 variants. Patients with metastatic disease
(M1-M3) had a significantly higher frequency of the
c.214_215delinsTG  variant (66.7%) compared to non-
metastatic patients (M0) (13.6%; p = 0.008). Similarly, the
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€.215_216delinsGT and ¢.300G>A variants were more
frequently observed in patients with metastasis, with statistically
significant associations (p = 0.041 and p = 0.006, respectively).
However, no significant correlation was observed between
metastasis and the ¢.357C>G variant (p = 0.264).
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Table 4.

Classification of identified variants in TP53 gene.

Genetic AMP Oncogenic ACMG ClinVar
variant classification classification classification Clinical Significance
c.214_215delinsTG Tier 2 Uncertain VUS Uncertain
¢.215_216delinsGT Tier 2 Moderate Oncogenic VUS Likely benign
Support

¢.300G>A Tier 3 Low Oncogenic Support Likely benign Likely benign

€.356C>G Tier 1 Low Oncogenic Support Likely Pathogenic Likely Pathogenic-VUS

¢.357C>G Tier 2 Uncertain VUS -

c.782+10C>G Tier 3 Uncertain VUS -

c.817C>G Tier 1 Oncogenic Pathogenic Pathogenic

Table 5.

Distribution of TP53 variants across clinical and pathological variables.

Variable c.214_215delinsTG c.215_216delinsGT ¢.300G>A ¢.357C>G
n (%) X% P n (%) X% P n (%) x4 P n(% | x2p

Gender 0.207, 0.221, 0.05,
Male (n=18) 5(27.8%) |p=0.649 |12 (66.7%) 11(61.1%) |p=0.638 |3 (16.7%) |p=0.825
Female (n=10) 2(20.0) 7 (70.0%) 7 (70.0%) 2(20.0%)

Age group 0.109, 0.233, 1.01,
<4 years (n=4) 1(25.0%) 3(75.0%) |p=0.741 |3(75.0%) |p=0.629 |0 p=0.314
4-18 years (n=24) 6 (25.0%) 16 (66.7%) 15 (62.5%) 5(17.9%)

Metastasis 7.07, 417, 7.54, 1.25,
MO (n=22) 3(13.6%) |p=0.008 |17 (77.3%) |p=0.041 (17 (77.3%) |p=0.006 (3 (13.6%) |p=0.264
M1-3 (n=6) 4 (66.7%) 2 (33.3%) 1(16.7%) 2(33.3%)

Histology 3.86, 493, 7.71, 0.551,
Classic (n=8) 4(50.0%) |[p=0.145 |3(37.5%) |[p=0.085 |2(25.0%) |p=0.021 |2(25.0%) |p=0.759
Nodular (n=19) 3 (15.8%) 15 (78.9%) 15 (78.9%) 3(15.8%)

Extensive Nodular (n=1) |0 1 (100%) 1(100%) 0

Therapy 0.351, 2..30, 2.21, 0.790,
CTX (n=6) 1(16.7%) [p=0.839 |5(83.3%) |[p=0.316 |5(83.3%) |p=0.331 |1(16.7%) |p=0.674
CTX + RTX (n=19) 5(26.3%) 13 (68.4%) 12 (63.2%) 4(21.1%)

CTX + RTX + HCT (n=3) |1(33.3%) 1(33.3%) 1(33.3%) -

Treatment results 1.40, 1.88, 1.99, 1.04,
Remission (n=12) 2(25.0%) |p=0.497 |7(58.3%) |p=0.392 |7(58.3%) |[p=0.371 |(3(25.0%) |p=0.594
Stabilization (n=12) 4 (33.3%) 8 (66.7%) 7 (58.3) 2 (16.7%)
Progression (n=3) 0 3 (100%) 3 (100%) 0

Outcome 1.56, 2.21, 2.59, 1.01,
Alive (n=24) 7(29.2%) |p=0.212 |15(62.5%) |p=0.137 |14 (58.3%) |p=0.107 |5(20.8%) |p=0.314
Dead (n=4) 0 4 (100%) 4 (100%) 0

Histological ~ subtype analysis showed that the Survival analysis showed that patients harboring the

¢.214_215delinsTG variant was more frequently observed in
patients with the classic subtype (50.0%) compared to the
nodular subtype (15.8%), although this association did not
reach statistical significance (p = 0.145). A similar trend was
observed for the ¢.215_216delinsGT and ¢.300G>A variants,
with higher frequencies in the nodular subtype, but only the
latter variant showed a statistically significant association (p =
0.021). The ¢.357C>G variant did not demonstrate a significant
association with histological subtypes (p = 0.759).

Evaluation of treatment regimens indicated no statistically
significant associations between TP53 variants and the type of
therapy received. Patients treated with chemotherapy alone,
chemotherapy with radiotherapy, and chemotherapy combined
with hematopoietic cell transplantation exhibited similar
frequencies of TP53 variants. Similarly, treatment response
outcomes, including remission, disease stabilization, and
progression, were not significantly associated with the
presence of the analyzed TP53 variants.
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c.215_216delinsGT and ¢.300G>A variants had a higher
prevalence among those who died compared to survivors.
However, the observed differences did not reach statistical
significance (p = 0.137 and p = 0.107, respectively). The
c.214_215delinsTG and ¢.357C>G variants were found
exclusively in surviving patients, but without statistical
significance.

Further individual patient analysis revealed that one
patient carrying the ¢.356C>G variant was a male over four
years old with a T2, MO tumor of the classic histological
subtype, who achieved remission following chemotherapy,
radiotherapy, and hematopoietic cell transplantation and
remained alive at follow-up. Another patient harboring the
c.782+10C>G splice-region variant was a male over four
years old with a T1, MO nodular tumor, who also achieved
remission following chemotherapy and radiotherapy. Two
patients with the ¢.817C>G variant were female, over four
years old, and had T2, MO tumors with either a classic or
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nodular histological subtype, both of whom achieved
remission following chemotherapy and radiotherapy

Discussion

Medulloblastoma is the most common malignant pediatric
brain tumor, with a highly heterogeneous molecular and clinical
profile. In this study, we analyzed 33 pediatric patients with
medulloblastoma to assess their clinical characteristics,
treatment outcomes, and the presence of TP53 and CTNNB1
gene variants. The median age at diagnosis was 8 years, with
a male predominance (66.7%). Tumor classification revealed
that the majority of cases were T2 (45.5%) or T3B (30.3%),
with metastatic disease present in 27.3% of patients. Treatment
regimens varied, with most patients receiving a combination of
chemotherapy and radiotherapy (69.7%), while hematopoietic
cell transplantation was used in a small subset (9.1%). At the
time of follow-up, 46.9% of patients had achieved remission,
while 15.2% had succumbed to the disease. Genetic analysis
identified several TP53 mutations, including missense and
splice-region variants primarily located in exons 4, 7, and 8,
with  significant associations observed between specific
mutations and metastasis. Importantly, no any variants were
identified in exons 3 and 4 of CTNNB1, suggesting that
mutations in these regions do not play a major role in this
cohort. These findings contribute to the growing understanding
of the molecular landscape of medulloblastoma and its
potential impact on disease progression and patient outcomes.

The Role of TP53 in Medulloblastoma

TP53 is one of the key tumor-suppressor genes
encoding the p53 protein, known as the "guardian of the
genome." It plays a crucial role in regulating the cell cycle,
apoptosis, DNA repair, and other processes that protect
cells from carcinogenic mutations. Mutations in TP53
disrupt its function, leading to uncontrolled cell growth [8]

Familial Forms: TP53 mutations can be associated with
hereditary syndromes, such as Li-Fraumeni syndrome.
Children with this syndrome have an increased risk of
developing various types of cancer, including medulloblastoma.
This is due to the impaired functionality of p53, making brain
cells more susceptible to transformation [11].

Prognosis and Clinical Course: TP53 mutations are linked
to a more aggressive course of medulloblastoma. These
tumors are often characterized by high levels of aneuploidy
(abnormal chromosome numbers), poor prognosis, and a
higher recurrence rate. Children with TP53-mutated
medulloblastomas may have an increased risk of metastasis
and a suboptimal response to standard therapies [24].

Prognostic Markers: In some cases, the presence of
TP53 mutations can serve as an indicator of a high risk of
tumor recurrence or metastasis, which is crucial for
determining the intensity of treatment [10].

The Role of B-Catenin in Medulloblastoma

B-Catenin is a key component of the signaling pathway
that regulates cell growth and development through the
Wnt/B-catenin pathway. Under normal conditions, 3-catenin
is stabilized in the cytoplasm and activates the transcription
of specific genes involved in cell proliferation and
differentiation. However, mutations in the CTNNB1 gene
can lead to its accumulation in the cell and the activation of
oncogenesis-related genes [16].

Mutations and the WNT Subtype: Mutations in the
CTNNB1 gene play a crucial role in one of the molecular
subtypes of medulloblastoma—the WNT subtype. This
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subtype is characterized by Wnt/3-catenin pathway
activation, promoting cell proliferation and inhibiting
apoptosis. CTNNB1 mutations result in persistent -catenin
activation, which can drive tumor growth [9].

Clinical ~ Significance of the WNT  Subtype:
Medulloblastomas associated with [-catenin mutations
generally have a more favorable prognosis compared to
other subtypes. These tumors often exhibit a low rate of
metastasis and higher long-term survival rates following
treatment. Children with this subtype tend to respond well to
standard therapies, including surgery, radiation therapy,
and chemotherapy [18].

Risk of Recurrence: Although the WNT subtype has a
good prognosis, CTNNB1 mutations may still be associated
with recurrence in some cases, particularly when treatment
does not include targeted therapy aimed at inhibiting Wnt/B-
catenin pathway activity [17].

Many ongoing clinical trials have begun to incorporate
insights gained from our deeper understanding of the
molecular foundations of medulloblastoma: De-escalation of
Treatment for WNT Medulloblastoma, Incorporation of
Targeted Therapy for SHH Medulloblastoma, Patient
Stratification by Subgroup and Disease Risk [13].

Medulloblastoma is a highly heterogeneous pediatric
brain tumor with diverse genetic alterations that influence
tumor progression, treatment response, and patient
outcomes. In this study, we identified several variants in the
TP53 gene, including c.214_215delinsTG (p.Pro72Cys),
c.215_216delinsGT (p.Pro72Arg), ¢.300G>A (p.GIn100=),
c.356C>G  (p.Ala119Gly), ¢.357C>G  (p.Ala119=),
c.782+10C>G (splice-region variant), and c.817C>G
(p-Arg273Gly). Our findings align with previous studies
emphasizing the role of TP53 mutations in pediatric brain
tumors and highlight the clinical and functional variability
associated with different TP53 variants.

The Pro72Arg (c.215_216delinsGT) variant has been
widely studied in different cancer types. This polymorphism
has been reported as one of the most common variants in
colorectal cancer among Saudi Arabian patients and has
been extensively evaluated in the context of cancer risk [1].
However, previous studies have yielded conflicting results
regarding its predictive value. Asadi et al. (2017) found no
significant association between p.Pro72Arg and colorectal
cancer risk in the Iranian Azeri population, whereas Ounalli
et al. (2023) reported that the Pro72 variant was associated
with increased susceptibility to chronic lymphocytic
leukemia (CLL) and correlated with adverse prognostic
markers such as advanced Binet stage, low hemoglobin
levels, and thrombocytopenia [2,21]. Moreover, Bukovac et
al. (2019) reported high prevalence (44.8%) of Pro72
variants among patients with meningiomas [4]. In Li-
Fraumeni syndrome, p.Pro72Arg has been associated with
earlier tumor onset, with carriers of the Arg allele
developing tumors at a younger age than Pro/Pro patients
[3]. Although the precise functional consequences of
p.Pro72Arg in medulloblastoma remain unclear, its potential
impact on tumor progression warrants further investigation.

The ¢.356C>G (p.Ala119Gly) variant, classified as likely
pathogenic, has been detected in individuals with Li-Fraumeni
syndrome [5]. While some studies indicate that p.Ala119Gly
disrupts TP53 function, experimental data suggest that it
remains proficient in growth suppression [6]. This variant is
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located in the DNA-binding domain of TP53, a critical region for
tumor suppressor activity, and in silico predictions suggest that
it may impact RNA splicing. Given that TP53 is frequently
mutated in aggressive cancers, further studies are needed to
determine whether p.Ala119Gly contributes to tumorigenesis or
affects medulloblastoma progression.

The ¢.817C>G (p.Arg273Gly) variant, located at a
mutation hotspot in TP53, has been implicated in various
cancers. Li et al. (2014) [15] demonstrated that different
p.R273 mutations exhibit distinct functional consequences,
with p.R273H and p.R273C promoting tumor cell
proliferation, invasion, and drug resistance, whereas
p.R273G appears to be less oncogenic. Molecular
dynamics simulations suggest that p.R273G has stronger
DNA-binding affinity than the other R273 mutations, which
may explain its relatively lower oncogenic potential.
However, the clinical significance of p.R273G in
medulloblastoma remains unclear and requires further
validation.

The ¢.782+10C>G variant is a splice-region alteration,
but computational predictions and clinical evidence suggest
that it is likely benign [7]. This variant has not been reported
in individuals with Li-Fraumeni syndrome, and functional
studies have not demonstrated a significant impact on TP53
function. However, given its proximity to a canonical splice
site, further functional analyses are necessary to rule out
any potential effects on mRNA splicing.

In our study, the presence of TP53 mutations was
significantly associated with metastasis, with certain variants,
including p.Pro72Cys, p.Pro72Arg, and p.GIn100=, being
more frequently observed in metastatic cases. This finding
suggests that specific TP53 variants may contribute to tumor
dissemination and could serve as potential biomarkers for
disease progression. However, no significant associations
were found between TP53 mutations and treatment
response, highlighting the complexity of TP53's role in
medulloblastoma.

One of the limitations of our study is the small sample size,
which may have affected the statistical power of our findings.
Additionally, the use of FFPE-derived DNA poses challenges in
sequencing accuracy due to potentiall DNA degradation.
Further studies with larger cohorts and functional analyses are
needed to confirm the impact of these TP53 variants on
medulloblastoma prognosis and treatment response.

Conclusion. Our study identified multiple TP53 variants
in pediatric medulloblastoma patients, some of which have
been previously implicated in cancer progression. The
absence of CTNNB1 mutations in exons 3 and 4 suggests
that this gene may not play a major role in medulloblastoma
pathogenesis in our cohort. Future research should focus
on validating the functional consequences of these TP53
variants and exploring their potential as prognostic markers
or therapeutic targets in medulloblastoma
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