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ÖZ 

Medulloblastom (MB) çocukluk çağının malign beyin tümörü olmakla beraber klinik heterojenitesi oldukça 
yüksektir. Histolojik alt sınıflandırma yanısıra; moleküler olarak WNT-aktive, SHH-aktive ve WNT/SHH-aktive-
olmayan üzere üç temel alt grubu tanımlanmıştır. Son grup, Grup 3 ve Grup 4 medulloblastomları içermektedir. 
Tüm gruplar, farklı histolojik tiplerin yanı sıra, farklı genetik ve epigenetik özellikler gösterebilmektedir. Geçtiğimiz 
on yılda hastalığın genetik yapısı detaylı bir şekilde incelenmiştir, ancak epigenetik temelleri son zamanlarda 
araştırma odağı olmuştur. Epigenetik araştırmalar KDM6A ve EZH2 gibi genler üzerinden histon modifikasyon 
mekanizmaları, PRC2 kompleksi ve başta SWI/SNF kompleksi olmak üzere ATP-bağımlı kromatin yeniden-
düzenleyici kompleksleri üzerine yoğunlaşmıştır. EZH2 geninin baskılayıcıları günümüzde klinik denemelerde MB 
hastaları üzerinde test edilmekte olup bu gen aday hedef genlerden biridir. Son olarak, kodlamayan RNA’lardan 
lncRNA’ların alt gruplara özgü belirteçler arasında en umut verici belirteçler olacağı tahmin edilmektedir. 
Medulloblastomlardaki genetik ve epigenetik farklılıkları anlamak, alt gruplara özgü değişiklikleri tanımlamak ve bu 
değişiklikleri hedefleyen terapötiklerin ortaya çıkarılması, bu kanserin tedavisinde oldukça önemli olacaktır. Bu 
derlemede amacımız, medulloblastomlardaki epigenetik değişiklikleri güncel literatür ile irdelemek ve konuyla 
ilişkili yürüttüğümüz çalışmadaki ön verilerimizi ortaya koymaktır.  

 
SUMMARY 

Medulloblastoma is a malignant childhood brain tumor and shows high clinical heterogeneity among patients. 
Three major molecular categories of MB have been established; WNT activated group, SHH activated group, and 
non-WNT/non-SHH-activated group. The latter includes Group 3 and Group 4. All groups show different 
histological features as well as different genetic and epigenetic backgrounds. Genetic basis of the disease has 
been widely studied in the last decade, however epigenetic basis of the disease has become a trend research 
area. The epigenetic researches focus on histone modification mechanisms involving some genes such as 
KDM6A and EZH2, and also PRC2 complex, in addition to variations in ATP-dependent chromatin remodeling 
complexes, mainly on SWI/SNF complexes. EZH2 is a candidate target gene as its repressors are currently on 
trial for MB patients. Finally lncRNA, a noncoding RNA is likely to be the most promising subgroup specific 
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marker. Understanding both genetic and epigenetic differences in medulloblastomas, determining subtype-
specific alterations and discovering therapeutics that specifically targets those alterations might be valuable for 
management of this cancer. In this review, we aimed to address the epigenetic mechanisms in medulloblastomas 
in the light of the current literature and emphasize the relevant unpublished data in our preliminary study. 
 

 

INTRODUCTION 

Medulloblastoma (MB) is an embryonal central 
nervous system (CNS) tumor that comprises 2% 
of all primary brain tumors and 18-20% of all 
childhood brain tumors (1). MB is the most 
common pediatric CNS tumor, and it is rarely 
seen in adults. It is usually located in the 
cerebellum and grows rapidly.  

Standard medical management includes surgical 
resection followed by chemotherapy or radiation 
therapy. Even though all MB patients are treated 
in a similar manner, it may show very 
heterogeneous clinical course. This condition 
may be explained by the observation that each 
case has different molecular and histological 
features (2,3).  

Molecular Subgroups 

Currently, there are at least four different 
genetically defined subgroups of MB according to 
 

 the data achieved by transcriptome analysis, 
which is the gold standard method (Figure 1). 
These subgroups are WNT-activated MB, SHH-
activated MB, and Non-WNT/Non-SHH MB, 
namely Group 3 and Group 4 (4,5). All show 
characteristically different clinical and prognostic 
features. 

1. WNT-activated medulloblastomas 

These tumors comprise 10% of all MB cases and 
have the most favorable prognosis compared to 
the other subgroups. Survival rate is over 90%. 
WNT-activated tumors are defined with the 
abnormal activation of canonical (beta catenin 
dependent) WNT pathway. The main indicator of 
this subtype of tumors is the nuclear beta catenin 
accumulation, which can be detected by 
immunohistochemistry. Somatic mutations of 
CTNNB1 are the most common indicators of this 
subgroup, as well as monosomy 6. (4–6) 

 

 

Figure 1. Molecular subclassification of medulloblastoma (LCA: large cell anaplastic) 
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2. SHH-activated medulloblastomas 

This subtype of MB tumors is defined by the 
abnormal activation of Sonic Hedgehog (SHH) 
pathway. SHH-activated tumors comprise 30% of 
all MB cases, and show worse prognosis 
compared to WNT-activated tumors. Any 
alterations leading to the activation of SHH 
pathway, such as somatic mutations of PTCH, 
SMO, SUFU and amplifications of GLI1 and are 
the genetic indicators of SHH-activated MB. 
These group tumors have two distinct subgroups 
depending on the presence of TP53 mutation. 
Approximately 20% of all SHH-activated MB 
shows TP53 mutations, which indicates a worse 
prognosis. (4,5,7–9) 

3. Non-WNT/Non-SHH medulloblastomas 

Almost 60% of all MB cases are included in this 
subgroup, which can also be further 
subcategorized as Group 3 and Group 4 tumors. 
There is limited information on the molecular 
basis of these tumors, and these two subgroups 
can only be defined with a transcriptome 
analysis. Twenty-five percent of all MB cases 
belong to Group 3 subtype, which has the worst 
prognosis with a 50% survival rate whereas 
Group 4 MB comprises 35% of all MB cases and 
has an intermediate prognosis, similar to SHH-
activated MB. Because molecular basis of these 
subgroups is yet to be discovered, there are no 
well-established molecular indicators. (4,5,7) 

Epigenetics 

Epigenetics is widely defined as heritable 
alterations in gene expression activity without any 
alterations in the DNA sequence (10). The impact 
of epigenetics on human disease has been 
known for a long time, and its significance on MB 
was first shown in 2001 by Frühwald et al who 
showed the abnormal hypermethylation of some 
CpG islands which may impact the prognosis of 
the disease (11). These findings accelerated the 
studies related to epigenetics in MB and recently 
a number of researchers have focused 
exclusively on the epigenetic aspect of the 
disease. In 2013, Hovestadt et al (12) 
demonstrated that methylation profiling might be 

used successfully in subgrouping MB, with over 
95% compliance to the gold standard technique 
of transcriptome analysis.  

This observation led the further studies on 
molecular subgroups of MB, since transcriptome 
analysis is best performed with fresh frozen 
tumor tissues, whereas formalin fixed paraffin 
embedded tissues can be used for methylation 
profiling studies (12). Current clinical approaches 
in oncology require analyzing specific indicators 
with more economic and feasible techniques. 
Therefore, analyzing the epigenetic changes in 
MB is crucial for the clinical management of the 
disease. Epigenetic regulation can occur by four 
different machineries: methylation of DNA on 
CpG islands, histone modifications, ATP 
dependent remodeling of chromatin and via non-
coding RNAs. 

1. DNA Methylation 

This epigenetic mechanism is the most 
researched area of epigenetics. DNA methylation 
can be basically described as covalent 
attachment of a methyl group to a cytosine 
molecule. This alteration generally prevents 
transcription factors to bind to the methylated 
sequences, leading to the silencing of a gene. 
Methylation and demethylation of DNA is a 
crucial mechanism of development, and 
controlled by various DNA methyltransferases 
(DNMT) and DNA demethylases (10). Abnormal 
methylation or demethylation of DNA leads to 
abnormal expression of genes and gene products 
(Figure 2) (13).  

Since the discovery of abnormal DNA 
methylation patterns in MB (11), researchers 
have been focused on epigenetic changes, and 
mostly in DNA methylation patterns. Several 
genes are shown to be directly related to the 
prognosis of MB are silenced via promoter 
hypermethylations. Tumor suppressor genes 
including CDKN2A (11), RASSF1 (14), HIC1 
(15), CASP8 (16), ZIC2 (17), KLF4 (18), PTCH1 
(19) and SFRP family genes (SFRP1,2,3) (20) 
were found to be silenced by promoter 
hypermethylation in MB.  
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Figure 2. Abnormal methylation and demethylation of DNA may lead to A) gene silencing by promoter of promoter-adjacent 
sequence methylation, which prevents the transcription factors (TF) to bind to target sequences; B) abnormal gene 
expression in account of hypomethylation of DNA, resulting in undesirable RNA residues; C) demethylation of 
repetitive or noncoding sequences, which may consequently cause improper transposition, recombination and 
genome instability. 

 
 Our research on DNA methylation levels of MB 
showed that high levels of RASSF1A 
hypermethylation was linked to higher occurrence 
of metastasis whereas PTCH1 and ZIC2 
methylations were enriched in SHH-active p53-
wildtype MBs. In addition, KLF4 hypermethylation 
was observed significantly in SHH-activated MB 
showing no relation with the clinical outcome. We 
also demonstrated that increased SPINT2 
methylation was present in non-WNT/non-SHH 
activated MB and might be a potential biomarker 
for worse prognosis (unpublished data).  

Besides these genes, expression of VAV1, a 
general oncogene that has a critical role in tumor 
maintenance in MB, was shown to be upregulated 
via hypomethylation (21). Interestingly, in another 
study, the expression of LIN28B gene was 
upregulated by the hypomethylation of the 
upstream sequence of the promoter region, 
improving the aggressiveness of the tumor 
especially in Group 3 and Group 4 MB (22).  

2. Histone modifications 

Histones are small, basic proteins that serve in 
the packaging of DNA by forming histone 

octomers consisting of two dimers of H2A and 
H2B histones and two heterodimers of H3-H4 
histones, and each histone octomer is linked by 
H1 histone linker protein. Histones undergo post-
translational modifications (PTM), mostly on the 
positively charged amino acids (such as lysine 
and arginine) of their free N-terminal tails, 
allowing changes in the chromatin structure to 
form euchromatin (can be actively transcribed – 
open form; generally characterized by high 
acetylation and H3K4 methylation, H3K36 
methylation, H3K79 trimethylation) or 
heterochromatin (transcriptionally inactive – 
closed form; generally characterized by low 
acetylation and H3K9, H3K27, H4K20 
methylation), depending on the location and type 
of the PTM. Histone modifications are crucial for 
normal cellular activity in different processes 
such as DNA replication, alternative splicing and 
DNA repair. (10,13) 

Histones can be subjected to many different 
PTMs, such as acetylation, methylation, 
phosphorylation, ubiquitination and citrullination 
(Figure 3A) (10). Histone PTMs are reversible 
and the effect of PTM depends on the type of the 
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modification and where the specific modification 
takes place. Acetylation of lysine residues 
generally leads to euchromatin structure since 
the acetyl group neutralizes the positive charge 
of lysine and relaxes the chromatin structure, 
enabling transcription factors to interact with the 
DNA. In addition, the degree of methylation also 
affects the outcome since lysine amino acids can 
be mono-, di- or trimethylated. (23) 

Histone PTMs are carried out by several specified 
proteins. Histone acetylation and deacetylation are 

performed by histone acetyltransferases (HATs) 
and histone deacetylases (HDACs) (Figure 3B) 
whereas histone methylation and demethylations 
are carried out by histone methyltransferases 
(HMTs) and histone demethylases (HDMs), 
respectively (Figure 3C) (23). “Writer” proteins are 
in charge of addition of new histone marks; 
“eraser” proteins remove the marks and “reader” 
proteins recognize the specific histone marks and 
conduct gene transcription when needed (Figure 
3D) (24). 

 

 

Figure 3: Histone modifications take place on the N-terminal of histone proteins. A) Histones are mostly acetylated, mono-, di- 
or tri- methylated, phosphorylated, ubiquitinated, citrullinated B) Histone acetyltransferases (HATs) transfer acetyl 
groups to histone tails, and these marks are removed by histone deacetylases (HDACs). C) Histone mono-, di- or 
trimethylation is carried out by various histone methyltransferases (HMTs) and these marks are removed or modified 
by histone demethylases (HDMs). D) Histones are modified by “writer” and “eraser” proteins and the generated marks 
are recognized by “reader” proteins. 
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Studies show that histone modifications have a 
great impact on development of MB, and there is 
a distribution of alterations on several writer, 
eraser and reader proteins. Sixteen percent of 
MB (mostly in SHH-activated and Group 4 
patients) was found to carry mutations that 
inactivate the expression of KMT2D and KMT2C 
which encode lysine methyltransferases. 
Activities of both enzymes are related to 
euchromatin structure and were shown to act as 
tumor suppressors (25). Alterations that lead to 
the downregulation of hMOF, the H4K16 HAT 
were found to affect prognosis of MB patients 
(26). Similarly, it was shown that upregulation of 
HDAC5 and HDAC9 contribute to the abnormal 
cell cycle progression across MB subtypes (27). 
Furthermore, histone demethylation was found to 
be another important marker in MB inactivating 
mutations of lysine demethylase KDM6A, which 
occurs commonly in Group 4 MB (28). 
Additionally, alterations in BET (Bromodomain 
(BRD) and extraterminal motif containing) family 
proteins were found in MB. BET family proteins 
control the transcription of several genes 
including MYC, one of the Group 3 MB driver 
genes by recognizing and binding to acetylated 
histone marks and initiation transcription. 
Alteration of expression of BET family genes 
could therefore lead to overexpression of MYC 
(29). 

Another histone modification mechanism 
intensely studied on MB is the alterations on 
polycomb repressor complex (PRC2). It consists 
of five subunits; EZH2, EED, SUZI2, JARID2 and 
RBAp46.48 and is in charge of generating 
H3K27me3 mark which leads to inactivation of 
transcription via heterochromatin condensation 
(30). EZH2 is the functional component of the 
PRC2 complex and some Group 3 and Group 4 
MB show increased levels of EZH2, and as a 
result, H3K27me3 marks. It was also shown that 
mutations leading to the complete loss of KDM6A 
are observed alongside EZH2 overexpression, 
which could be a marker for MB prognosis (31). 

3. ATP-dependent chromatin remodeling 

ATP-dependent chromatin remodeling is a 
mechanism that controls nucleosome positioning 

and the way the DNA molecule is packaged into 
nucleosomes in numerous ways, thereby 
controlling expression of genes by either allowing 
or blocking transcription factors and activators to 
bind to DNA (13,32). In eukaryotes, this 
mechanism is performed by four different ATP-
dependent chromatin remodeling complexes; 
ISWI, CHD, SWI/SNF and INO80. Each complex 
has different ways to perform nucleosome 
positioning (Figure 4). ISWI (imitation switch) 
complex control chromatin accessibility by 
repositioning nucleosomes which either disables 
access to the DNA, leading to downregulation 
and silencing of genes, or in contrast, promoting 
transcription by enabling access to DNA. CHD 
(Chromodomain helicase DNA-binding) complex 
contributes to nucleosome positioning in three 
different ways; by spacing nucleosomes in a pre-
determined manner, by exposing promoters via 
repositioning histones, or by incorporating 
histone variants to the target site. SWI/SNF 
(switch/sucrose non-fermentable) complex ejects 
or slides nucleosomes, thereby promoting 
chromatin access, leading to activation or 
repression of target genes. INO80 complex 
carries out ATP-dependent chromatin remodeling 
by modifying nucleosomes to grant access to 
promoters, by organizing nucleosomes, and by 
replacing histones with specific histone variants. 
(32) 

Defects in ATP-chromatin remodeling mechanisms 
are widely observed in MB. Especially mutations 
of SWI/SNF complex proteins are the most 
studied aspects of this epigenetic mechanism. 
Studies show that SMARCA4, a member of the 
SWI/SNF family proteins, is widely mutated in 
WNT and Group 3 MB (24). It was also found that 
SMARCA4 has a very important role in 
development of SHH subtype of MB, coordinating 
genetic and epigenetic pathways crucial for the 
development of the tumor (33). Furthermore, 
mutations in CHD7, which codes for another 
chromatin remodeling protein, were observed in 
Group 3 and Group 4 MB; and mutations in 
DDX3X, gene which encodes a Dead-Box RNA 
helicase, was showed to contribute to aberrant 
WNT signaling and is mostly seen in WNT-
activated MB (28). 
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Figure 4. ATP-dependent chromatin remodeling mechanisms. A) Maturation of nucleosomes is carried out by ISWI, CHD and 
INO80 complexes. B) SWI/SNF family proteins can reposition nucleosomes and eject histones fully or partially to 
enable changes in gene expression. C) Histone variants can be incorporated to the DNA by INO80 family complexes. 

 

 

Figure 5. Epigenetic regulation by noncoding RNAs A) miRNA is synthesized from DNA as pri-miRNA, maturated to miRNA 
after consecutive cleaving by Drosha and Dicer enzymes. After binding to RNA-induced silencing complex (RISC), it 
binds to target mRNA, which is either degraded or transcription is repressed. B) lncRNAs are found to participate in 
various processes such as miRNA inhibition, mRNA stabilization and translational regulation.  
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Epigenetic mechanisms tend to affect one 
another, and several alterations go hand in hand 
in certain situations. Mutations in ZMYM3, which 
codes for a histone binding protein, were 
observed only in Group 4 MB (34), however they 
were also commonly seen along with KDM6A 
mutations and decreased EZH2 expression 
indicating the cooperation between different 
epigenetic modifications and its potential 
importance in MB (28). 

4. Non-coding RNAs (miRNAs and lncRNAs) 

Non-coding RNAs (ncRNAs) constitute an 
important part of the eukaryotic DNA and after 
transcribed, they can have structural and 
regulatory roles in a viable cell. Apart from 
messenger RNAs (mRNAs) that code for 
proteins, all different kinds of RNAs are defined 
as ncRNAs. Increasing number of studies show 
that ncRNAs can affect transcription and 
translation by interacting with epigenetic 
modulators (23). Studies on MB show that 
especially miRNAs and lncRNAs have crucial 
roles in development of MB (25). 

The miRNAs are a form of short ncRNAs and 
consist of 19-25 nucleotides. miRNAs can 
regulate gene expression directly or indirectly by 
binding to a target mRNA and repress 
transcription by cleaving the mRNA or repressing 
translation process, inhibiting enzymes of 
epigenetic regulation (such as DNMTs), and 
interfering with substrates necessary for certain 
enzymatic reactions (23). miRNAs are 
transcribed from DNA as long chains, then 
processed into mature miRNAs in cytoplasm via 
RNAse III Drosha and Dicer enzymes and form a 
complex with RNA-induced silencing complex 
(RISC), and bind to target mRNAs (Figure 5A) 
(25,35). Since miRNA activity is crucial for a 
normal cell to function properly, abruption of 
normal miRNA functions can lead to various 
diseases. 

miRNAs are the most studied ncRNAs in MB, 
and various alterations were shown to affect the 
MB progression and prognosis. Tumor 
suppressor miR-193 was found to be upregulated 
in WNT-MB (36). Oncogenic miR-17~92 cluster, 
which promotes SHH pathway via increased 
MYCN expression, was found to be upregulated 

in SHH-MB (37); and miR-30b/d with unknown 
function was shown to be upregulated in Group 3 
MB (38). In addition, many other miRNAs were 
discovered to have altered expression levels 
throughout MB subtypes. Upregulation of miR-21 
(promotes metastasis via PDCD4) (39), miR-10b 
(inhibits apoptosis via BCL2) (40), miR106b 
(promotes proliferation via PTEN) (41) and 
downregulation of miR-124 (42), miR-125b, miR-
324 and miR326 which control cell proliferation 
(43) were also reported in the relevant literature. 

The lncRNAs are ncRNAs longer than 200 
nucleotides and are transcribed from the 
antisense strand of genomic loci by RNA 
polymerase II (25,44). Some lncRNAs are 
reported to function as regulators of gene 
expression in normal cells (Figure 5B), though 
specific functions of most lncRNA are yet to be 
known (45). 

Studies on lncRNAs on MB shows several 
subtype-specific lncRNA expression patterns, as 
well as those indifferent of MB subtypes. One of 
the first studies on lncRNAs led to the discovery 
of Linc-NeD125 (also referred to as MIR100HG), 
which binds three miRNAs from miR-17~92 
cluster, preventing them to repress their target 
mRNAs. Overexpression of Linc-NeD125 leads 
to the expression of several major driver genes of 
Group 4 MB including KDM6A, SNCAIP, CDK6 
(46). Another lncRNA, NKX2-2-AS1, which has a 
role to bind miRNAs to suppress several tumor-
suppressor genes was found to be 
downregulated in SHH-MB (47). A recent study 
on lncRNA profiling of MB subtypes reveals that 
the lncRNAs expression levels are varied in each 
subtype of MB. This study showed that 
upregulation of EMX2OS, LINC01315, 
LINC00348 and LINC01419 lncRNAs are only 
observed in WNT, SHH, Group 3 and Group 4 
MB, respectively, which can further be 
investigated for an indicator for subgrouping (48). 

CONCLUSION 

For the last decade, the studies have shown a 
significant importance of epigenetic regulators of 
MB molecular subtypes in correlation with 
prognosis. Even though many genes have been 
investigated for the presence of DNA 
methylations, none of those have been identified 
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yet as a subgroup specific marker. KDM6A down 
regulation along with EZH2 overexpression, both 
related to histone modification is likely to be a 
specific genetic change for Group 4 MB, however 
more research is needed to determine its 
significance. PRC2 complex, another histone 
modification mechanism is another target for 
epigenetics research in MB. Additionally, 
variations in ATP-dependent chromatin 
remodeling complexes, mainly on SWI/SNF 
complexes are shown in a number of studies. 
Finally, various expression levels of many 
noncoding RNAs were observed in MB such as 
lncRNAs, the most promising subgroup specific 
marker.  

Determination of any specific biomarker can 
potentially allow the discovery of targeted 
therapeutics in MB patients, and help uncover 
many new epigenetic regulators as drug targets 
in a wide variety of cancers. EZH2 is likely to be 
the candidate target as its repressors are 
currently on trial for MB patients. Other frequently 
mutated genes such as KDM6A and DDX3X are 
also likely to be targets for future drug 
researches, allowing wider treatment possibilities 
for MB patients, in addition to uncovering 
possible treatment alternatives for other cancers 
with similar mutations. 
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