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Abstract

Purpose: Medulloblastoma (MB), a malignant cerebellar embryonal tumor, is
predominantly sporadic, with rare familial cases linked to germline mutations
in SUFU, PTCHI1, TP53, and APC, primarily driving WNT and SHH molecular
subtypes. Familial non- WN7/non-SHH MBs remain poorly understood, with
limited genetic insights.

Methods: This study presents two siblings (11-year-old male, 16-year-old
female) with non- WAN7/non-SHH MBs. Whole exome sequencing (WES) was
performed on tumor samples (MB1-T, MB2-T), peripheral blood (MB2-PB,
parents), and analyzed for somatic/germline variants. Screening criteria
excluded intronic/synonymous single nucleotide variants (SNVs) and common
alleles.

Results: MB2 harbored somatic chromosome 17g gain (prognostic marker)
and two deleterious NFI mutations (p.G2785V, p.N2788Y), absent in MBI.
Germline analysis identified rare variants in KYAT:3, SPATA31A6, and CBWDES,
with potential roles in metabolic reprogramming (KYA73) and genomic
instability (SPATA31A46). No known MB predisposition syndromes or
mutations were detected.

Conclusion: This first report of familial non- WAN7/non-SHH MBs highlights
novel somatic (NVF7) and germline (KYAT3, SPATA31A6) variants, suggesting
unexplored oncogenic mechanisms. The findings underscore the need for
further research to elucidate drivers of non- WAN7/non-SHH MBs and develop
targeted therapies. WES proves critical in uncovering genetic underpinnings
of rare familial MBs.

Keywords: Familiar medulloblastoma[] Germline mutation[] Whole exome
sequencing, Non- WN7/non-SHH medulloblastomas.
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Introduction

Medulloblastomas( MBs) are the most common malignancies of central
nervous system (CNS) for childhood, which are characterized by highly
intratumoral heterogeneity, aggressive biological behavior and overall poor
outcomes.[3] Based on the recent molecular findings, MBs have been divided
into four groups: WANT-activated; SHH-activated, 7P53-wildtype; SHH-
activated, 7P53-mutant; and non- WN7/non-SHH.[4] Furthermore, the non-
WNT/non-SHH category itself encompasses a spectrum of diseases with
considerable clinical and biological heterogeneity. Historically, this category
was subdivided into Group 3 and Group 4, which exhibit vast differences in
prognosis and underlying biology. Advances in molecular profiling,
particularly DNA methylation analysis, have revealed that these groups can be
further stratified into at least eight distinct subtypes, each with unique
potentially genetic drivers and clinical outcomes[5-7]. However, the
underlying mechanism of MBs’ genetic pathogenesis remains largely unclear.
A large cohort including 1022 patients with MBs identified APC, BRCAZ,
PALBZ2, PTCHI, SUFU and TP53 as predisposition genes for MBs, and those
germline mutations were estimated to account for only 6% of all MBs,
suggesting that the driving factors for the majority of MBs remains unknown.
Most MBs arise sporadically, but a few of them can be relevant with certain
genetic predisposition syndromes, including Gorlin syndrome (SUFU and
PTCHI1 mutations), familial adenomatous polyposis (FAP) syndrome (APC
mutations) and Li-Fraumeni syndrome (7P53 mutations).[3, 8, 9] Beyond the
classic syndromes, recent studies have identified novel predisposition genes
such as ELPI, which is now recognized as a significant contributor to SHH-
activated medulloblastoma, underscoring the evolving landscape of genetic
risk factors for this disease[10, 11]. Notably, most of these genetic variants
are involved in the molecular pathogenesis of SHH and WNTMBs, but not non-
WNT] non-SHH MBs. This is in accordance with the consensus that non-
WNTnon-SHH MBs frequently harbor rare individual genetic alterations[12,
13].

Here we report two cases of MBs in two siblings (one of each gender). No
evidence was found for the diagnosis of those genetic predisposition
syndromes mentioned above. Pathological and immunohistochemical analysis
confirmed that both cases were classified as non- WN7] non-SHH subgroup and
histologically classic variant. The whole exome sequencing (WES) were
applied for both cases and several potential genomic features that possibly
drove the oncogenesis of MBs were identified. We then compared our cases
with previously reported cases of familial MBs. To our knowledge, this is the
first report in the literature that introduces the familial MBs of non- W/N7/non-
SHH with detailed genetic sequencing results.

Methods
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DNA extraction and library construction

Genomic DNA was extracted from peripheral blood of the parients and MB-2
patients, and tumors from MB-1 and MB-2 tumors. DNA quantification and
integrity were determined by the Nanodrop spectrophotometer (Thermo
Fisher Scientific, Inc., Wilmington, DE) and the 1% agarose electrophoresis,
respectively.

Human genomic DNA samples were captured using Agilent SureSelect Human
All Exon v6 library (Agilent Technologies, USA) following the manufacturer’s
protocol. Briefly, the genomic DNA was sheared into short fragments using
the kit's enzyme. The sheared deoxyribonucleic acid (DNA) was purified and
treated with reagents supplied with the kit according to the protocol. Adapters
from Agilent were ligated onto the polished ends and the libraries were
amplified by polymerase chain reaction (PCR). The amplified libraries were
hybridized with the custom probes. The DNA fragments bound with the probes
were washed and eluted with the buffer provided in the kit. Then these
libraries were sequenced on the Illumina sequencing platform (NovaSeq 6000,
Illumina, Inc., San Diego, CA) and 150 bp paired-end reads were generated.
The whole exome sequencing and analysis were conducted by OE Biotech Co.,
Ltd. (Shanghai, China).

Whole exome sequencing analysis process[]

The raw data was compiled in fastq format. In order to get high quality reads
that can be used for subsequent analysis, the raw reads were pre-processed
with fastp (Version: 0.20.0). Firstly, adapter sequences were trimmed. Bases
in a sliding widows with average quality value below 20 were also trimmed.
Then reads with ambiguous bases or shorter than 75 bp were also removed.
Clean reads were aligned to the reference human genome (GRCh37) utilizing
the BWA (Version: 0.7.17). The mapped reads were sorted and indexed by
using SAMtools (Version: 1.9). The read depth of were 267x, 271x, 267x, 451x
and 284x for sample MB2-T, MB1-T, MB2-PB, F-PB and M-PB respectively. The
GATK (Version: 4.1.9.0) was used for recalibration of the base quality score
and for single nucleotide polymorphism (SNP) and insertion/deletion (INDELS)
realignment. Many annotation databases, such as Refseq, 1000 Genomes, the
Catalogue of Somatic Mutations in Cancer (COSMIC), OMIM, were referred
to during SNP&INDEL calling and annotated using ANNOVAR. MuTect
(Version: 2.0) software was used to find somatic SNV/INDEL sites, and
ANNOVAR software was used for annotation. The CNV analysis was performed
with CNVKkit software and human genome GRCh37.pl3 was applied as
reference. Control-FREEC (Version: 11.3) software was used to detect somatic
CNV on tumor and normal paired samples with default parameters. Lumpy
(Version: 0.2.13) software was used to detect somatic SV for tumor and normal
paired samples. The detected genomic variation information was visualized
using the Circos diagram.
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Case presentation

The first case (MB1) is a 11-year-old male patient with a half-a-year history of
headache. CT scan showed a foci with slightly higher density in the tentorium
area. Following magnetic resonance imaging revealed a 34mm * 32mm mass
in the fourth ventricle with obstructive hydrocephalus (Figure 1. The tumor
was resected as completely as possible and the postoperative pathology/
immunohistochemistry staining examination confirmed the diagnosis of
medulloblastoma with classic histological variant and non-WNT/non-SHH
subgroup. The result of immunohistochemistry was shown in Table 1. The
patient received magnetic resonance imaging of full-length spinal cord at the
time when he was diagnosed and no aberrant signal was detected. But the
thinprep cytologic test of cerebro-spinal fluid (CSF) showed the presence of
red blood cells, lymphocytes/monocytes and aberrant cell clusters with round,
large cellular body and round/quasi-circular/irregular, large nuclei, indicating
the possibility of CSF metastasis of MB tumor cells. His condition deteriorated
rapidly post-surgery with widespread metastasis, rendering him unable to
tolerate intensive chemotherapy. The patient died six months later due to a
multiple metastasis in the spinal cord.

The second case (MB2) is a 16-year-old female patient who is the older sister
of the first case. Two years after the first case, she received magnetic
resonance imaging due to two times of headache and vomiting, and the result
showed both lesions in the suprasellar region and fourth ventricle with
obstructive hydrocephalus and interstitial cerebral edema, suggesting a
likelihood of ectopic germinoma or medulloblastoma (Figure 1. After the
discussion of our medical detection team, surgery was performed to remove
the lesion in the fourth ventricle to clarify the pathological diagnosis and
relieve symptoms of hydrocephalus. The postoperative pathological diagnosis
was non- WN7/non-SHH MB with the classic histological variant. The result of
immunohistochemistry was shown in Table 1. She developed a severe infection
after undergoing the first course of standardized chemotherapy, which even
led to septic shock, so the regimen of radiotherapy and Bevacizumab was
decided upon by a multidisciplinary team based on an individualized
assessment of her condition at that time.

No familial history of malignancy or hereditary disease among first- and
second-degree relatives was found for these two siblings. Due to the rarity of
familial MBs of non- WN7/non-SHH subgroup, WES was suggested to the
patients to reveal the potential driving factor for oncogenesis. After written
informed consent was obtained from both patients, tumor sample of case 1
(MB1-T), tumor sample and peripheral blood sample of case 2 (MB2-T and
MB2-PB), peripheral blood sample of father and mother (F-PB and M-PB) were
sent for the WES, and the analysis and genetic variants screening were

8
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conducted with general protocol.

The CNV profiles of both parents’ peripheral blood samples were first
compared with human genomic reference GRCh37.p13 and nothing abnormal
was identified, indicating that germline pathogenic CNV was absent in this
family (Supplementary Figure 1). Given the unavailability of a matched
germline control (e.g., peripheral blood) from patient MB1, somatic copy
number alteration (CNA) analysis could not be performed to distinguish
somatic events from inherited germline CNVs. Nevertheless, we conducted a
preliminary comparison of the MB1 tumor WES data against the human
reference genome(Figure 2A). This analysis revealed several chromosomal
imbalances, including gains at 1q and 7q, as well as losses at 3q and 10q
(Figure 2B).

The somatic variants of MB2 were then analyzed (Fig 3A). Somatic
chromosome gain of 1q,17q and loss of 1p, 8p, 14q and 16q were identified in
MB2 (Fig 3B). Chromosome 17q gain was one of the most powerful prognostic
markers of MBs[14, 15], which involves several MB-related genes such as
SOX9 and SSTR216-18]. Besides, an overall of 475 non-intronic and non-
synonymous somatic SNVs were identified in MB2. Notably, two mutations of

gene NF1 were revealed: NF1:
NM 000267.3:exon57:¢.G8354T:p.G2785V,NF1:
NM 001042492.3:exon58:c.G8417T:p.G2806V and

NF1:NM 000267.3:exon57:c.A8362T:p.N2788Y,NF1:NM 001042492.3:exon
58:c.A8425T:p.N2809Y. The variant allele frequencies (VAFs) for these two
mutations were about 5%. Both NFI mutations are labelled as deleterious in
SIFT database and disease-causing in MutationTaster database. However,
these two mutations were not detected in the MB1 case.

We next looked into the potentially recessive genetic mutations due to the rare
familial history. A overall of 673 genetic variants were detected, and a primary
screening were conducted by the following criteria: 1) all intronic SNVs were
excluded, 2) all synonymous SNVs were excluded; 3) SNVs with alternative
allele frequency above 1% in the 1000 Genomes Project and Exome
Aggregation consortium were excluded. This led to a short list of only 9 genetic
variants including genes such as KYAT3, SPATA31A6, CBWD6 and ANO5
(Supplementary table 1). A similar screening were performed for potentially
de novo genetic mutations and 6 genetic variants were identified including
involved genes such as SPATA31A6, CBWD6 and OR4F6 (Supplementary table
2). The summary of those genes and their potentially involved diseases are
listed in Table 2. We evaluated the expression levels of these genes using
medulloblastoma transcriptome sequencing data from public databases
(GSE85217). Among them, genes CBWD6 and SPATA31A6were not detectable,
while the expression levels of the other genes exhibited molecular subtype-

9
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specific patterns (Supplementary Figure 2).

Discussion and conclusions

Familial medulloblastoma is a rare but clinically significant entity that
provides insights into the genetic and molecular mechanisms of tumorigenesis.
Cornelia et al. well addressed previously published cases of familial
medulloblastomas[19]. However, most of the reports included lack the results
of molecular testing. Recent studies revealed that familial medulloblastomas
are often linked to inherited genetic syndromes, including Gorlin syndrome
(PTCH1 and SUFU mutations)[20-22], Li-Fraumeni syndrome (7P53
mutations)[23-27], and familial FAP syndrome (APC mutations)[28]. These
conditions follow an autosomal dominant inheritance pattern, and case reports
frequently describe families with multiple members affected by both
medulloblastoma and other malignancies. Other syndromes, such as Beckwith-
Wiedemann syndrome (epimutations)[29, 30], Cowden syndrome (PTEN
mutations)[31] and Rubinstein-Taybi syndrome (CREBBP and EP300
mutations)[32, 33], have been less frequently associated but still highlight the
genetic predisposition to medulloblastoma. Additionally, germline mutations
in BRCAZ and PALBZ, key genes involved in the homologous recombination
repair (HRR) pathway, have been implicated in the development of
medulloblastoma, often in the context of genetic predisposition syndromes
such as Fanconi anemia (FA)[23, 34]. Recent studies have also identified £ZP1
and GPR161 as potential genetic contributors to familial medulloblastoma,
particularly in the SHH subgroup. FELPI loss-of-function variants are
associated with a 3.2% incidence of medulloblastoma[11]. Similarly, GPR161
variants, though - rarer, have been implicated in medulloblastoma
pathogenesis[35, 36]. Notably, most of genes mentioned above were not
involved in non- WN7/non-SHH MBs[37]. Meanwhile, these genes were not
detected in two cases included in this study either, suggesting more unknown
oncogenic mechanisms of those patients.

Our whole exome sequencing data revealed two somatic NF7 mutations in
MB2. Neurofibromatosis type 1 (NF1), a genetic disorder caused by mutations
in the NF1 gene, is known for its association with multiple neurofibromas,
café-au-lait spots, and an increased risk of various malignancies[38]. Although
less common in NF1 patients, medulloblastomas have been documented in
several case reports[39, 40]. The rarity of medulloblastoma in NF1 patients
suggests that NF1 gene mutations do not significantly predispose individuals
to this type of tumor directly. However, NF1 encodes neurofibromin, which
plays as a key negative regulator of the RAS/MAPK signaling pathway. NF7
mutations have also been implicated in other cancers, including breast cancer,
melanoma, and lung cancer, where aberrant RAS signaling plays a critical
oncogenic role[41]. Given its central role in RAS regulation, the NF1 mutations

10
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might till have played a promotive role in the tumorigenesis and progression
of MB2.

The analysis of germline mutations included MB1 and MB2 revealed several
previously less-discussed genes, such as KYAT3 SPATA31A6 , CBWD6 and
ANOS. The KYAT3 (Kynurenine Aminotransferase 3) gene, involved in the
kynurenine pathway, may play a role in medulloblastoma pathogenesis. KYAT3
regulates the conversion of kynurenine to kynurenic acid, a metabolite that
modulates immune responses and glutamatergic signaling[42]. Dysregulation
of the kynurenine pathway has been linked to immune evasion in tumors by
suppressing T-cell activation[43, 44]. Additionally, altered amino acid
metabolism is a hallmark of AMYC-amplified medulloblastoma subtypes,
suggesting a potential role for KYAT3 in metabolic reprogramming[45-47].
Future studies should explore KYAT3 expression in medulloblastoma and
assess its potential as an oncogenic driver therapeutic target.

Although no direct evidence links SPA7A31A6 mutations to medulloblastoma,
its potential role in DNA repair and genomic stability suggests a possible
connection. SPATA31A6 belongs to the SPATA31 gene family, which has been
implicated in UV-induced DNA damage repair and aging[48]. Given that
genomic instability is a key driver of medulloblastoma, mutations in
SPATA31A6 could contribute to tumorigenesis by impairing DNA repair
pathways, leading to an accumulation of oncogenic mutations. If SPATA31A6
mutations were causally involved in tumorigenesis through impairing DNA
damage repair, one might hypothesize an associated mutational signature,
such as a UV signature or signature of defective DNA repair, and a higher
overall tumor mutation burden (TMB). Future studies with whole-genome
sequencing could investigate the mutational signatures in tumors arising in
individuals with such variants to test this hypothesis.

As a member of the COBW domain-containing family, CBWD6 is a less
characterized gene. There is currently no direct evidence linking CBWD6 to
medulloblastoma. Future studies should investigate CBWD6 expression levels,
genetic alterations, and functional roles in medulloblastoma to determine its
potential involvement in tumorigenesis.

Although the current study identified a rare variant in ANOS5, its direct role in
medulloblastoma tumorigenesis remains unclear and has not been previously
established in the literature. ANO5 encodes anoctamin-5, a protein that
functions as a calcium-activated chloride channel (CaCC) involved in
membrane repair and phospholipid scrambling. While ANO5 mutations are
primarily associated with gnathodiaphyseal dysplasia and limb-girdle
muscular dystrophy[49, 50], emerging evidence suggests that ion channels,
including chloride channels, may contribute to cancer progression by affecting

11
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cell volume regulation, migration, and proliferation[51]. Dysregulation of
calcium and chloride signaling has been implicated in various cancers by
modulating apoptosis resistance and metastatic potential[52-54]. Although no
direct link between ANO5 and medulloblastoma has been reported, it is
plausible that deleterious mutations could disrupt membrane stability and ion
homeostasis, potentially influencing neoplastic transformation or tumor cell
survival in the central nervous system. Further functional studies are needed
to elucidate whether ANO5 variants play a cooperative or modifying role in
medulloblastoma development, particularly in the context of familial cases.

The lack of a shared, obvious pathogenic germline variant in these siblings
suggests several possibilities: 1) a shared, but undetected, low-penetrance
genetic risk factor or a combination of such factors (oligogenic inheritance);
2) a shared environmental exposure acting on a permissive but complex
genetic background; or 3) an inherited variant in a non-coding regulatory
region not effectively covered by WES. The latter possibility highlights the
potential utility of whole-genome sequencing (WGS) in such unexplained
familial cases. Future studies of such rare familial cases could benefit from
WGS, which might uncover structural variants, mutations in non-coding
regions, or complex rearrangements missed by WES.

One limitation of our study is the fact that patientl MB1 passed away when
we initiated this study, therefore we were unable to obtain a matched germline
(e.g., peripheral blood) patient MB1 and we could not perform CNV or somatic
variation analysis for this case to revealed shared somatic CNVs between
tumors. Another significant limitation of this study is the lack of DNA
methylation profiling or transcriptomic analysis, which precludes the precise
molecular sub-classification of these non-WN7/non-SHH tumors into the
recognized Group 3 or Group 4 subtypes and their further subdivisions.
Determining whether these siblings shared the same molecular subgroup
would have been highly informative.

The genetic mutations identified in this study have not been previously
reported to be associated with the development of medulloblastoma. Therefore,
subsequent research should further investigate the potential mechanisms by
which these genes drive tumorigenesis and develop novel targeted therapeutic
strategies based on these findings. Additionally, elucidating the oncogenic
potential of these genetic mutations will facilitate the implementation of
genetic screening programs for high-risk populations.

Familial medulloblastoma represents a unique subset of pediatric brain
tumors with significant genetic implications. While most reported cases are
linked to known hereditary cancer syndromes, some remain unexplained,
warranting further genetic investigations. The integration of WES data from
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new cases, such as the one presented here, will enhance our understanding of
this disease and pave the way for improved diagnostic and therapeutic
strategies. Future research should focus on expanding the genetic landscape
of familial MB and exploring its implications for personalized medicine. The
addition of our newly identified cases contributes to the growing body of
evidence, underscoring the need for continued research in familial
medulloblastoma predisposition and management.
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the
transfer of
the
glutamyl
group of
glutathione
to amino
acid and
dipeptide

acceptors.

Table 2. Summary of genes identified in WES analysis.
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Figure 3. Somatic variants identified by WES of MB2. A. Circos plot of all
somatic variants of MB2. B. Somatic CNVs identified of MB2.

Supplementary Table 1: Recessive germline genetic mutations identified for
MB1 and MB2 patients. Detailed header description are listed.
Supplementary Table 2: De novo germline genetic mutations identified for
MB1 and MB2 patients. Detailed header description are listed.

Supplementary Figure 1: CNV profiles of samples of two parents
Supplementary Figure 2: Different expression patterns of genes identified. The
sequencing data was obtained from GSE database (GSE85217).
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