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Abstract 

 Medulloblastoma is the most common malignant pediatric brain tumor. The early incidence 

of medulloblastoma and low prevalence of germline mutations suggest that somatic mutations have a 

significant effect on medulloblastoma development. This thesis focuses on the analysis of somatic 

driver genes to identify aberrant pathways contributing to the genetic architecture of 

medulloblastoma incidence. These signaling pathways were determined through gene set enrichment 

analysis on the medulloblastoma driver genes. Additionally, single nucleotide variant data was 

utilized to generate medulloblastoma’s mutational profile to understand the mutational processes that 

contribute to its development. In SHH-activated medulloblastoma, the contribution of somatic driver 

genes to the activation of the SHH pathway was inconclusive. In contrast, the Wnt signaling pathway 

in Wnt-activated medulloblastoma was significantly upregulated by somatic driver gene mutations. 

In Group 3 medulloblastoma, gain-of-function mutations in an inhibitor of pro-inflammatory 

cytokines, HIVEP3, could aid in explaining the poor prognosis of this subgroup. Group 4 

medulloblastoma samples had driver gene mutations in molecules that may activate the Wnt pathway 

but inhibit the SHH pathway. Analysis of medulloblastoma’s mutational profile demonstrated an 

abundance of cytosine to thymine transitions. Decomposition of this profile into known mutational 

signatures revealed two significant mutational processes: spontaneous deamination of 5-

methylcytosine and defective DNA mismatch repair. Understanding the genetic architecture of 

medulloblastoma through the analysis of somatic driver gene mutations and aberrant signaling 

pathways may help in revealing the molecular mechanisms of these tumors that ultimately assist in 

the development of drugs for targeted therapy.   
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Introduction 

 Medulloblastoma is the most common malignant pediatric brain tumor. It originates in the 

cerebellum of the brain, which is located towards the lower back of the brain at the base of the skull. 

Medulloblastomas are noninvasive, rapidly growing tumors that spread through the cerebrospinal 

fluid and commonly metastasize to other locations along the surface of the brain and spinal cord. 

This deadly brain cancer originates from immature, embryonal cells that remain in the brain after 

birth, therefore characterizing it as a human embryonal tumor. Although survival rates of pediatric 

brain tumor patients have significantly increased over the years, these tumors are still a predominant 

cause of cancer-related deaths in children.1–3 

 The highest incidents of medulloblastoma are reported between 3-8 years of age. Every year, 

around 500 new cases of medulloblastoma are diagnosed in the United States, and the 5-year survival 

rates for all age groups and histology types are at approximately 60%.3,4 In the past, medulloblastoma 

was classified based on histology (large cell, desmoplastic, classic, etc.); however, transcriptional 

profiling demonstrated the existence of four main subgroups termed Wnt, SHH, Group 3, and Group 

4. The molecular subgroup with the highest prevalence is Group 4 (about 35% of cases), whereas the 

least common subgroup is Wnt-activated medulloblastoma (around 10% of cases).5 With regards to 

metastasis and prognosis, the Wnt medulloblastoma subgroup rarely metastasizes, and its prognosis 

is very good with a 95% 10-year overall survival in children.6 On the other hand, the metastatic 

frequency of Group 3 medulloblastoma is very high, substantially decreasing the 10-year overall 

survival in infants and children to 39% and 50% of cases, respectively.6,7 Each subgroup is also 

characterized by the abundance of specific genetic mutations and alterations in the expression of 

these mutated genes. Due to the significant differences between these four subgroups in their 

underlying biology, accurate classification of a medulloblastoma patient into their correct molecular 
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subgroup will be critical when considering the future development of subgroup-specific targeted 

therapies.5  

 Most medulloblastomas are caused by sporadic, somatic mutations whereas only 13.5% of 

cases are associated with germline mutations.8 Germline mutations in MSH2, RAD50, FGFR2, and 

FGFR3 have been previously reported in pediatric medulloblastomas.9,10 Additionally, specific 

hereditary syndromes that are associated with germline mutations in TP53, PTCH, APC, and 

CREBBP predispose individuals towards developing medulloblastoma.3 Some of the syndromes 

accompanying germline mutations include Li-Fraumeni syndrome for TP53 mutations, Gorlin 

syndrome for PTCH mutations, Turcot syndrome for APC mutations, and Rubenstein-Taybi 

syndrome for CREBBP mutations.11–14 Therefore, although it remains unclear the specific factors that 

contribute to the development of pediatric brain tumors, both the early occurrence of 

medulloblastoma and low prevalence of germline mutations associated with these tumors suggest 

that in utero and early life exposures could lead to the acquisition of somatic mutations.4 

 Somatic mutations can range from single nucleotide mutations to large chromosomal 

rearrangements.15 Most somatic mutations are benign, but others have a selective advantage that 

results in uncontrolled cell growth and tumor formation. Based on their impact towards cancer 

development, somatic mutations can be categorized as either passenger or driver mutations. 

Passenger mutations are those that confer no growth advantage for the cell, whereas driver mutations 

do provide growth advantages on the cells carrying them.16 These driver mutations are preserved by 

natural selection during cancer evolution.17 

 Somatic mutations may be the consequence of slight imperfections in the DNA replication 

process, exogenous or endogenous mutagen exposures, DNA modification, or defective DNA repair 

processes.18 Different mutational processes generate unique combinations of mutation types, known 

as mutational signatures. This context-dependent mutational profile provides insights into the 
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etiology and progression of cancer.19 Both the Catalogue of Somatic Mutations in Cancer (COSMIC) 

and MutaGene have mutational signatures available with some proposed etiologies including the 

spontaneous deamination of 5-methylcytosine, failure of DNA double-strand break-repair processes, 

exposure to tobacco carcinogens, and exposure to ultraviolet light.19,20   

 This thesis focuses on the analysis of somatic driver gene mutations in the four 

medulloblastoma molecular subgroups. Driver genes were previously identified from the COSMIC 

medulloblastoma data. Gene set enrichment analysis (GSEA) was applied to these driver genes to 

determine aberrant signaling pathways in the medulloblastoma subgroups. Lastly, the software 

MutaGene was utilized to decompose the mutational profiles of subgroup-specific medulloblastoma 

cases attained from the Pediatric Cancer Genome Project (PCGP). This allows for the identification 

of mutational processes and etiologies that contribute to the development of medulloblastoma.  

Overall, understanding the effect that driver gene mutations have on signaling pathways in 

medulloblastoma and unraveling any mutational processes that promote mutagenesis will provide a 

better understanding of the development of effective medulloblastoma treatments.   
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Methods 

 From the COSMIC pediatric medulloblastoma data, 84 driver genes were previously 

identified across all four subgroups. The sample size was 73 for SHH-activated medulloblastoma (65 

had the somatic TP53 wildtype and 8 had the somatic TP53 mutant), 114 for Wnt-activated 

medulloblastoma, 76 for Group 3 medulloblastoma, and 121 for Group 4 medulloblastoma. 20 

driver genes were identified for SHH-activated somatic TP53 wildtype medulloblastoma, 2 

driver genes for SHH-activated somatic TP53 mutant medulloblastoma, 15 driver genes for Wnt-

activated medulloblastoma, 29 driver genes for Group 3 medulloblastoma, and 28 driver genes 

for Group 4 medulloblastoma.  

 To determine the significantly affected pathways based on the identified driver gene 

mutations from COSMIC, list-based gene set enrichment analysis (GSEA) was performed for each 

medulloblastoma subgroup. ToppGene and g:Profiler were both utilized to implement the GSEA to 

obtain enriched gene ontology (GO) annotations along with affected pathways.21,22 For ToppGene, 

GO annotations and pathways included those that met the q-value below 0.05 false detection rate 

Bonferroni cutoff.23,24 g:Profiler was used to generate similar GO annotations with enriched 

pathways selected by the native g:SCS method when the q-value was under 0.05. 

 The Pediatric Cancer Genome Project (PCGP) is an international project that aims at 

identifying somatic mutations that drive cancer. These cancer genome sequencing efforts allow for 

understanding altered signaling pathways in cancer and identifying novel targets for which drugs can 

be developed.25 For pediatric medulloblastoma, there were 37 medulloblastoma samples that had 

their whole exome sequenced. Within these 37 medulloblastoma samples, 5 were SHH-activated 

medulloblastoma, 5 were Wnt-activated medulloblastoma, 6 were Group 3 medulloblastoma, 19 

were Group 4 medulloblastoma, and 2 were unclassified.24,25 873 single nucleotide variants (SNVs) 

were identified for all medulloblastoma samples (113 SNVs for SHH-activated medulloblastoma, 99 
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SNVs for Wnt-activated medulloblastoma, 359 SNVs for Group 3 medulloblastoma, and 302 SNVs 

for Group 4 medulloblastoma).24,25  

 MutaGene explores mutational profiles in 37 cancer types along with their mutational 

signatures from more than 9,000 genomes and exomes. Their collection of mutational profiles allows 

for comparison of mutagenic processes between various cancer types and aids in explaining the 

heterogeneity within the cancer subtypes by analyzing individual cancer samples. MutaGene is also 

useful in identifying mutational profiles based on the data input, decomposing this data into 

individual mutational signatures, and finding closely related cancer types and primary tumor site.19 

The SNVs for medulloblastoma and all its subgroups attained from PCGP were input into MutaGene 

to acquire their mutational profile and corresponding signatures. 

 MutaGene provides several options for comparative analysis of mutational profiles and 

signatures. Here, a cosine similarity score was used to determine how similar the two mutational 

profiles, arbitrarily labeled as ܲ and ܳ, are based on their 96 context-dependent mutational types.19  

cos(ܲ,ܳ) =
σ ܲܳଽୀଵඥσ ܲଶଽୀଵ  ඥσ ܳଶଽୀଵ  

The values for the cosine similarity score ranges between 0 and 1, where a higher value indicates 

more significant similarity between the two mutational profiles or signatures.  

 MutaGene contains a set of tools that are used to annotate a query set of mutations, which 

helps in identifying the most likely mutagenic processes. In order to calculate query mutational 

profile, MutaGene obtains trinucleotide sequence contexts and generates its mutational profile. It 

then compares this profile to other mutational profiles in the MutaGene database using Bayesian 

classifier, ranks them according to the likelihood, and decomposes the query profile into 

corresponding mutational signatures.19   
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Results 

A. Sonic Hedgehog (SHH)-Activated Subgroup 

 From the pediatric COSMIC samples, 22 driver genes were identified in the SHH-activated 

medulloblastoma subgroup. Two of these driver genes, TP53 and DYNC1H1, were found in the 

somatic TP53 mutant population. TP53 mutations occur in 13% of SHH tumors, and many are 

associated with germline mutations arising from Li-Fraumeni syndrome.26 The other 20 driver genes 

from the COSMIC samples in the SHH-activated somatic TP53 wildtype were significantly 

associated with pathways involved in gene expression regulation, cellular biosynthesis, and 

developmental processes (Table 1). Most transcription regulators and development-involved driver 

genes were characterized by loss-of-function mutations. This indicates that transcription regulation 

and developmental processes were likely inhibited.  

Table 1: The various GO annotations attained after GSEA were grouped into categories describing 

several cellular processes. The Bonferroni q-values for each of the medulloblastoma (MB) subgroups 

are listed in this table with a process being significant if the q-value was under 0.05. NS – not 

significant. 
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 Although the SHH pathway was not significantly enhanced through driver gene mutations, 

four driver gene mutations in the SHH pathway molecules were identified: PTCH1, SUFU, CUL1, 

and FBXW7. The Hedgehog pathway repressors, PTCH1 and SUFU, were associated with loss-of-

function mutations. However, gain-of-function mutations were determined in the ubiquitin ligases 

CUL1 and FBXW7, which form the SCF complex. This complex partially degrades Gli2 and Gli3, 

transforming them into transcription repressors.27–29 Overall, the contribution of somatic driver gene 

mutations to SHH activation was not statistically significant and inconclusive (Figure 1).  
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Figure 1: This illustration demonstrates the effect that SHH pathway driver gene mutations have on 

the SHH-activated medulloblastoma subgroup. In the TP53 wildtype, the loss-of-function mutations 

in PTCH1 and SUFU likely result in the activation of the SHH pathway. However, the gain-of-

function mutations in the SCF complex promote the ubiquitination of SUFU/GLI2/GLI3. This partial 

degradation results in transcription being turned off. The combination of these four driver gene 

mutations leads to inefficient activation of the SHH pathway. In the somatic TP53 mutant, TP53 loss-

of-function and DYNC1H1 gain-of-function results in uninhibition of the cell cycle and promotes the 

proliferation of cancer cells.  

 

 There were eight samples from the COSMIC medulloblastoma data with somatic TP53 

mutations in the SHH subgroup. The two driver genes associated with a somatic TP53 mutant in the 

SHH subgroup were TP53 and DYNC1H1. Loss-of-function mutations in TP53, a tumor-suppressor 

gene, and gain-of-function mutations in DYNC1H1, an oncogene, were observed. Therefore, SHH 

activation is not driven by somatic mutations in the somatic TP53 mutant subgroup. Significantly 
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enriched GO annotations included histone deacetylase regulator activity and dynein light 

intermediate chain binding. The dynein chain, DYNC1H1, is involved in retrograde transport along 

microtubules and cell division by regulating the G2/M transition of the mitotic cycle.30,31 Provided 

both the gain-of-function mutation of DYNC1H1 and the loss-of-function of TP53, it can be inferred 

that the somatic driver gene mutations in the somatic TP53 mutant subgroup likely confer growth 

advantages through the dysregulation of mitosis (Figure 1). 

 

B. Wingless (Wnt) Subgroup 

 The analysis of COSMIC data unraveled 15 driver genes for Wnt-activated medulloblastoma. 

The identified driver genes were significantly involved in gene expression and histone modification, 

Wnt signaling and adherens junctions, regulation of mitosis and cell cycle control, developmental 

processes, apoptosis, and interferon type I (IFN-I) signaling (Table 1).  

 Unlike SHH-activated medulloblastoma, TP53 gene mutations in the Wnt subgroup were 

gain-of-function, rendering TP53 an oncodriver. Prior studies have shown TP53 gain-of-function to 

be associated with chronic inflammation, regulation of gene expression, and upregulated expression 

of chromatin regulators.32,33  

 96.5% of Wnt-activated medulloblastoma patients had driver gene mutations in CTNNB1. 33 

missense mutations were found at the 32nd amino acid residue that lies within the ubiquitination 

recognition motif of く-catenin, which reduces the phosphorylation of adjacent S33.34 Additionally, 

there were several mutations at the S33 and S37 phosphorylation sites. Collectively, these mutations 

indicate that phosphorylation and consequent ubiquitination of く-catenin were inhibited, resulting in 

its accumulation in the nucleus (Figure 2).34  
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Figure 2: This figure depicts the consequences of driver gene mutations in Wnt-activated 

medulloblastoma on the Wnt pathway. Activation of Akt from the PI3K/Akt/mTORC1 pathway 

enhances the phosphorylation of GSK3く, which inhibits the phosphorylation of く-catenin. This lack 

of phosphorylation on CTNNB1 allows it to enter the nucleus and activate transcription. Gain-of-

function mutations were also identified in IDH1, which would result in uninhibited cell division and 

activation of the tricyclic acid cycle.  

 

 In addition to the CTNNB1 mutations, there was a gain-of-function mutation in PIK3CA. This 

mutation indirectly activates the canonical Wnt pathway by enhancing the activity of Akt. Since Akt 

can phosphorylate and inactivate GSK-3く, this pathway was enhanced due to く-catenin not being 

destabilized and degraded (Figure 2).35,36 Thus, gain-of-function mutations in CTNNB1, loss-of-

function mutations in the ubiquitin ligase FBXW7 that degrades く-catenin, and the downstream 
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activation of adherens junctions may result in uncontrolled activation of the canonical Wnt pathway 

and consequent increase in cellular proliferation and growth.37,38  

 IFN-I signaling was inactive in the Wnt subgroup due to gain-of-function mutations in the 

negative regulator CTNNB1 and loss-of-function mutations in the transcriptional coactivator 

CREBBP.39,40 Interferon-g (IFN-g) is a type I interferon that has been demonstrated to inhibit the 

activation of く-catenin and the canonical Wnt pathway. It also induces apoptosis and inhibits 

proliferation in cancerous cells.41 Therefore, when type I interferons are inactivated, there is an 

increase in the activity of the Wnt pathway.  

 The non-canonical planar cell polarity Wnt pathway activates JNK cascades. Identified loss-

of-function mutations in the negative regulator of JNK pathway, FBXW7, could signify Wnt/JNK 

pathway activation.42 Furthermore, upregulation of the PI3K/Akt/mTORC1 pathway has been 

previously demonstrated to activate the Wnt pathway.43,44 Consequently, activating driver gene 

mutations in PIK3CA and inactivating mutations in the negative regulator FBXW7 presumably 

indicates an increased activation of the Wnt pathway and subsequent increase in growth and survival 

of the tumor.42  

C. Group 3 Medulloblastoma 

 In Group 3 medulloblastoma, the only enriched GO annotations were the catalytic complex 

and MLL3/4 methyltransferase complex (Table 1). Genes associated with the catalytic complex 

include enzymes for hydrolysis, metabolism, histone modification, ATPase, and polymerases. This 

complex also contains genes involved in the histone methyltransferase complex, such as MLL3/4 

(also known as KMT2B and KMT2C). Mutations in KMT2D and KDM6A were mostly inactivating, 

signifying the absence of histone methylation (Figure 3). A gain-of-function mutation in an immune-



15 

 

involved gene, HIVEP3, that inhibits the expression of pro-inflammatory cytokines was also present 

in Group 3 medulloblastoma.  

 

Figure 3: In Group 3 medulloblastoma, loss-of-function mutations in KDM6A and KMT2D (the 

mutated MLL3/4 complex depicted in orange) result in epigenetic modifications that lead to the 

demethylation of histones and activation of transcription through increased exposure of the gene.  

 

D. Group 4 Medulloblastoma 

 The most significantly enriched GO annotations in Group 4 were histone modification, 

posttranslational modification, and growth (Table 1). The majority of driver genes involved in this 

subgroup pertaining to histone and posttranslational modifications were characterized by loss-of-
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function mutations. This likely results in increased gene expression and posttranslational 

modifications. Genes associated with growth, however, were mostly characterized by gain-of-

function mutations that lead to increased cellular growth. 

 Some of the driver genes in Group 4 were associated with the Wnt and SHH pathway. Wnt 

pathway-related driver genes were the Wnt activator MUC16 and the calcium-dependent cell 

adhesion molecule PCDH9.45,46 The SHH-related driver gene was the repressor of the canonical 

hedgehog signaling pathway PTCHD4.47 All three driver genes were characterized by gain-of-

function mutations that ultimately may activate the Wnt pathway but suppress the SHH pathway 

(Figure 4). However, it should be recognized that the coding DNA sequence for MUC16 is extensive; 

therefore, the functional significance of the driver gene mutation in MUC16 may be uncertain since 

they could have accumulated by chance.23  
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Figure 4: In Group 4 medulloblastoma, it can be observed that the Wnt pathway is activated, 

whereas the SHH pathway is inactivated. This is due to gain-of-function mutations in MUC16 and 

PCDH9 that both result in activation of the Wnt pathway by enhancing the transcriptional activity of 

CTNNB1. In the SHH pathway, gain-of-function mutations in PTCHD4 lead to transcription being 

turned off since there is greater inhibition of SMO. 

 

E. Analysis of Medulloblastoma’s Mutational Profile 

 From the medulloblastoma PCGP data, the trinucleotide context for 873 SNVs was attained 

and decomposed using MutaGene into known mutational signatures that help identify the most likely 

mutagenic processes (Figure 5).  
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Figure 5: Analysis of the 873 SNVs from PCGP medulloblastoma data in MutaGene allowed for the 

generation of a mutational profile of medulloblastoma. It can be easily observed that there were 

many C to T transitions, which is likely due to the spontaneous deamination of 5-methylcytosine. In 

contrast, T to A and T to G transversions were relatively infrequent.   

  

 When comparing the mutational profile of medulloblastoma from PCGP to that of 

COSMIC’s 30 mutational signatures, Signatures 1 and 6 had the most significant contribution (a 

cosine similarity score of 0.9026 and 0.8171, respectively) (Figure 6). The proposed etiology of 

Signature 1 is endogenous mutational processes initiated by spontaneous deamination of 5-

methylcytosine. The contribution of this signature correlates with the age of cancer diagnosis.20 

Signature 6 is annotated as being associated with defective DNA mismatch repair and is found in 

microsatellite unstable tumors. This signature is also associated with a high number of small (less 

than three base pairs) insertions and deletions at mono/polynucleotide repeats.20 
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Figure 6: In comparing medulloblastoma’s mutational profile from PCGP with the existing 

mutational signatures in COSMIC and MutaGene yielded a cosine similarity score that demonstrates 

the similarity between medulloblastoma and that particular signature. The four most similar and 

significant signatures were Signatures 1 and 6 from COSMIC, MutaGene-5 A.5, and MutaGene-10 

B.1. 

  

 MutaGene contains two sets of mutational signatures called MutaGene-5 A and MutaGene-

10 B. These sets of mutational signatures highlight the most significant mutational processes that 

contribute to tumorigenesis across all cancer types, such as exposure to ultraviolet radiation and 

tobacco smoke. The two MutaGene mutational signatures that scored highly on the cosine similarity 

score were MutaGene-5 A.5 and MutaGene-10 B.1, both of which are associated with the 

spontaneous deamination of 5-methylcytosine (Figure 6).19 
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 Comparison of medulloblastoma’s mutational profile with other cancer types and primary 

tumor sites revealed that the input SNVs were very similar to pancreatic cancer (a cosine similarity 

score of 0.9488) and tumors located in the pancreas (a cosine similarity score of 0.9495). 

Interestingly, GSEA on driver genes in Wnt-activated medulloblastoma demonstrated that the genes 

PIK3CA, CREBBP, TP53, and CTNNB1 are significantly involved in pancreatic cancer pathways 

with a Bonferroni q-value of 0.0357.  

 The mutational profiles of medulloblastoma’s four molecular subgroups were generated 

using the data from PCGP and input into MutaGene; however, they all exhibited very similar 

characteristics as overall medulloblastoma. Additionally, the sample size from PCGP for SHH-

activated and Wnt-activated medulloblastomas is only five samples each with only about 200 SNVs 

for both subgroups combined. Their mutational profiles are illustrated in Appendices A-D for 

reference.   
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Discussion 

 Although medulloblastoma in an embryonic tumor that manifests itself during early 

childhood, they are rarely driven by germline mutations. Embryonic somatic mutations and 

epigenetic alterations normally occur during development and contribute to clonal diversity.48 

However, the accumulation of random somatic mutations, particularly in genes that regulate cell 

proliferation, cell cycle, and epigenetics may be a contributing factor to disease and neoplasia.48–50 

These mutations and alterations can be induced by maternal endogenous factors or maternal, 

paternal, and childhood exogenous factors.49,51,52  

 Pathway analyses demonstrated that the most commonly affected molecular mechanisms in 

medulloblastoma by somatic driver gene mutations were gene expression, epigenetic control and 

chromosomal organization, developmental processes, growth, and cell division (Table 1).  

 The tumor suppressor gene, KMT2D, was present as a driver gene in all medulloblastoma 

subgroups. KMT2D targets histone H3 lysine 4 (H3K4) whose methylations act as a gene activation 

marker.53 H3K4 methylation has been previously associated with active gene transcription and plays 

a significant role in vertebrate development.54 Additionally, driver gene mutations in Group 3 and 

Group 4 medulloblastomas were predominantly involved in regulating epigenetic modification. 

Environmental factors like maternal choline deficiency, low vitamin B12, undernutrition, high-fat 

diets, low protein intake, excessive alcohol consumption, and distress during pregnancy have all been 

associated with altered epigenetic regulation in utero.55,56 

 The influence of somatic driver gene mutations in SHH-activated medulloblastoma was 

inconclusive. The identified inactivating mutations in PTCH1 and SUFU are expected to activate the 

SHH pathway. However, the gain-of-function mutations found in the SCF complex may increase the 

transcription of the repressor forms of Gli2/3 (Figure 1). It is known that there must be an activation 

of the SHH pathway in SHH-activated medulloblastoma; however, the contribution of somatic 
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mutations to this activation and its consequent effect on medulloblastoma development needs to be 

further investigated. 

 SHH-inhibiting drugs that act downstream of SMO are currently in development. Levels of 

Gli1 are significantly associated with Bcl-2 expression in medulloblastoma. Overexpression of Gli1 

and Gli2 in medulloblastoma results in higher levels of Bcl-2, which acts as an anti-apoptotic protein. 

Administration of cyclopamine, an SHH antagonist, lowers levels of Bcl-2 and induces apoptosis in 

medulloblastoma cells.57 

 Unlike the SHH subgroup, Wnt-activated medulloblastoma contains significant activation of 

the Wnt pathway due to somatic driver gene mutations. Prior studies have demonstrated that the 

interaction between PI3K/Akt and the Wnt pathway is critical for the survival of the tumor.23 

Activating mutations in PIK3CA and CTNNB1 likely results in the upregulation of the Wnt pathway 

(Figure 2). Given that the Wnt pathway regulates development and morphogenesis by controlling cell 

adhesion and migration along with causing tumorigenesis when dysregulated,58 it is evident that this 

subgroup is likely driven by somatic driver gene mutations of molecules of the Wnt pathway and 

Wnt-related molecules. The upregulated expression of IFN-I has been thought to be due to an 

antiviral response partly induced by cytomegalovirus, an event which rarely occurs in the Wnt 

subgroup.59 Given the rarity of this event, it seems very likely that the activation of IFN-I expression 

is inhibited by somatic mutations. 

 Although gain-of-function mutations in TP53 have been reported before in 

medulloblastoma,60 this analysis demonstrated that somatic TP53 mutations were associated with 

gain-of-function only in the Wnt-activated subgroup. In contrast, the TP53 mutations in the SHH-

activated subgroup were exclusively loss-of-function (Figure 1).  

 Some Group 3 samples have novel gain-of-function mutations in the inhibitor of pro-

inflammatory cytokines HIVEP3. This finding corroborates another study that demonstrated through 

a patient-derived Group 3 medulloblastoma xenograft model an infiltration of mouse myeloid cells 
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displaying an immunosuppressive phenotype.4 This helps explain that in addition to aberrant 

epigenetic modification, the aggressiveness of this subgroup is also partly driven by immune 

suppression. 

 In Group 4 medulloblastoma, altered epigenetic modification was evident as expected. 

However, despite being defined as a non-Wnt- and non-SHH-activated tumor, driver gene mutations 

were found in molecules that are involved in the Wnt and SHH pathway. Gain-of-function mutations 

in MUC16 and PCDH9 may activate the Wnt pathway, whereas gain-of-function mutations in 

PTCHD4 could inhibit the SHH pathway (Figure 4).  

 Analyzing the medulloblastoma data from the PCGP in MutaGene allowed for a mutational 

profile to be created for that depicts the sequence context of its genetic mutations. Across all 

medulloblastoma subtypes, there was a predominance of cytosine to thymine transitions (Figure 5, 

Appendices A-D). This type of transition is associated with endogenous processes, such as 

deamination of 5-methylcytosine residues, rather than exposure to exogenous carcinogens.61 

Decomposition of medulloblastoma’s mutational profile into known mutational signatures confirmed 

that spontaneous deamination of 5-methylcytosine and defective DNA mismatch repair are the most 

frequent mutational processes in this type of cancer (Figure 6). The cytosine-guanine (CpG) 

dinucleotide has been extensively reported as a hotspot for pathological mutation in the human 

genome. Its hypermutability is related to its role as the primary site of cytosine methylation with the 

associated risk of spontaneous deamination of 5-methylcytosine to yield thymine.62  

 In SHH-activated medulloblastoma, it has been reported that there is an age-related 

background mutational pattern with a predominance of cytosine to thymine transitions in a CpG 

context. In TP53 mutated SHH-activated medulloblastoma, there is a much lower frequency of 

cytosine to thymine mutations, whereas cytosine to adenosine transversions are more prevalent.63 In 

the mutational profile for SHH-activated medulloblastoma (Appendix A), it can be observed that 

there is an increase in cytosine to adenosine transversions; however, this mutational profile was not 
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split into TP53 wildtype and mutant, so it is not clear whether the cytosine to adenosine mutations 

can be explained by the TP53 mutation itself.  

 Signature 6 from COSMIC was also found to be related to medulloblastoma’s mutational 

profile. This signature is associated with defective DNA mismatch repair found in microsatellite 

unstable tumors. The contribution that DNA mismatch repair has on the development of 

medulloblastoma is very understudied. It has been previously observed that microsatellite instability 

was present in 11% of medulloblastoma cases. Methylation analysis of DNA mismatch repair genes 

revealed mild hypermethylation of MSH6 in 75% of medulloblastoma cases.64 Another study 

indicated that the DNA mismatch repair system is not commonly deficient in medulloblastoma.65 

Therefore, more research needs to be conducted to determine the significance of microsatellite 

instability and DNA mismatch repair system on medulloblastoma development.  

 Comparison of medulloblastoma’s mutational profile with that of other cancer types and 

primary tumor sites demonstrated that the SNVs were most similar to that of pancreatic cancer and to 

tumors that originate in the pancreas. GSEA on driver genes in Wnt-activated medulloblastoma 

demonstrated that these genes were significantly involved in pancreatic cancer pathways. Previous 

studies have shown that both the Wnt and SHH signaling pathways are aberrant in pancreatic ductal 

adenocarcinoma.66,67 Both types of cancer also exhibit gain-of-function mutations in IDH1, which 

encodes for a protein that catalyzes the oxidative decarboxylation of isocitrate to 2-oxoglutarate.68 

Mutated IDH1 promotes cellular growth and is frequently observed in metastatic pancreatic cancer.69 
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Conclusion 

 This somatic mutation driver gene analysis in medulloblastoma demonstrated that unlike the 

SHH-activated subgroup, the Wnt-activated subgroup is mostly driven by somatic mutations. It was 

discovered that the inhibition of inflammation through HIVEP3 could aid in explaining the poor 

prognosis in some Group 3 medulloblastoma patients. Additionally, there are some cases in Group 4 

medulloblastoma where the Wnt pathway may be involved. Analysis of the medulloblastoma 

mutational profile revealed that there was a predominance of cytosine to thymine transitions. 

Decomposition of this profile into known mutational signatures demonstrated two significant 

mutational processes: spontaneous deamination of 5-methylcytosine and defective DNA mismatch 

repair in microsatellite unstable tumors. Revealing the genetic architecture of pediatric brain tumors 

through the analysis of somatic driver gene mutations and aberrant signaling pathways may help in 

understanding the molecular mechanisms of these tumors. Many of these driver gene mutations could 

serve as novel molecular targets for the development of targeted therapy for the treatment of those 

diseases, like medulloblastoma, which affect children. 
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Appendix C: Mutational Profile of Group 3 Medulloblastoma 
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