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Abstract  
 

Medulloblastoma a malignant tumour of the cerebellum constitutes around 

20% of the Central Nervous System tumours occurring in children. In a recent 

PhD thesis, a previous student characterised the role of a multifunctional 

protein YB-1 (Y-Box Binding Protein 1), in paediatric medulloblastoma. A 

part of this work aimed to identify the transcriptional targets regulated by YB-1 

under acute and chronic treatment of cisplatin and vincristine in Group 3 

Medulloblastoma by performing chromatin immunoprecipitation and DNA 

sequencing. However, this work presented with unexpected peak enrichment in 

the input samples caused by 8-oxoguanine. One of the most commonly 

oxidized bases in the nucleotide pool, DNA and RNA is guanine and this 

oxidation is mutagenic as it can pair to either cytosine(C) or adenine(A). In the 

nucleotide pool, 8-oxoguanine can be repaired by NUDT1(Nudix Hydrolase 1) 

and in the DNA it is repaired by OGG1 (8-Oxoguanine DNA Glycosylase) and 

MUTYH (MutY DNA Glycosylase). The 8-oxoguanine in the RNA is assumed 

to be repaired by YB-1. 8-oxoguanine lesions detected in the ChIP sequencing 

data of the Group 3 medulloblastoma cell lines could have either been detected 

because they were already present naturally in these cell lines or they could 

have occurred artefactually during the ChIP sequencing assay. This study 

aimed to determine if the 8-oxoguanine lesions were natural or artefactual by 

employing immunofluorescence.  With western blot analysis and 

immunofluorescence, single and dual staining assays the expression levels of 

the repair mechanisms of 8-oxoguanine, their role in regulating 8-oxoguanine 

levels and the extent of colocalization of YB-1 and 8-oxoguanine in group 3 

primary tumour cell lines and their corresponding metastatic cell lines were 

analysed. Through these assays, we conclude that 8-oxoguanine lesions are 

naturally occurring in group 3 medulloblastomas despite the repair mechanisms 

being active. We provide evidence that YB-1 is involved in regulating the 

levels of 8-oxoguanine as well as shows a possibility of colocalization with 8-

oxoguanine in the group 3 primary tumour cell lines and their corresponding 

metastatic cell lines. Thus, this study has shown that YB-1 has the ability to 

interact with 8-oxoguanine and further study will help establish the relationship 
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between YB-1 and 8-oxoguanine and their involvement in paediatric 

medulloblastoma.
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Chapter 1. INTRODUCTION  
 

Cancer in children is rare, it constitutes less than 1% of all the new cancer 

cases in the UK. The annual number of paediatric cancer cases recorded in the 

UK is around 1800 with leukaemia (31% cases) being the most common 

followed by the Central Nervous System (CNS) tumours (25% cases) (Cancer 

Research, UK). Around 250 paediatric cancer deaths are recorded in the UK 

annually with brain and other CNS tumours being the major contributors 

(Table 1.1). 

Table 1.1 Children’s Cancers, UK, 2016-2018 (Cancer Research, UK) 

Children (0-14) 

Cancer Site  
Average number of 

deaths 

Average percentage 

of all cancer deaths 

Malignant Brain, Other CNS 

and Intracranial Tumours  
86 35% 

Leukaemia  52 21% 

Other cancers 106 44% 

Total  244  100% 

Over 130 types of tumours can originate in the brain and CNS, of which 

astrocytoma (low- and high-grade gliomas), medulloblastoma and 

ependymoma are the most common in children (Cancer Research, UK) with 

medulloblastoma being the focus of this thesis.  

1.1  Medulloblastoma  
 

Medulloblastoma, a malignant tumour seen in the cerebellum, constitutes 

around 20% of the CNS tumours occurring in children (Taillandier et al., 2011; 

Ostrom et al., 2014), and 70% of paediatric medulloblastoma cases are found 

in children below the age of 10 (Juraschka and Taylor, 2019). The incidence of 

medulloblastoma in males is 1.7 times more than that in females (Kaatsch et 

al., 2017; Ostrom et al., 2018). The symptoms exhibited by medulloblastoma 
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patients initially are non-specific, including headaches, clumsiness, nausea or 

morning vomiting, fatigue, or poor school performance, which can potentially 

be due to hydrocephalus-related increased intracranial pressure or a direct 

effect of the tumour. More specific symptoms in later stages include ataxia, 

vision problems, and difficulties with writing or other motor skills. Patients 

with spinal metastasis exhibit back pain, gait difficulties, and rarely, 

neurogenic bladder and bowel dysfunction (Wilne et al., 2007). Diagnosis of 

medulloblastoma is based on the clinical symptoms presented, magnetic 

resonance imaging (MRI) of the brain and total spine (to screen for 

macroscopic metastases and assess primary tumours), cerebrospinal fluid 

(CSF) cytology (to identify microscopic metastases), and integrated 

histopathology and molecular analysis (Northcott et al., 2019).  
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Figure1.1 Cerebellum and brainstem 

A) Location of cerebellum B) Dorsal view of the cerebellum indicating the positions of the 

anterior, posterior, and flocculonodular lobes and the midline region called the vermis. C) 

Dorsal view of the brainstem with part of the cerebellum cut away for clarity. The connections 

of the cerebellum to the brainstem are indicated by the presence of the inferior, middle, and 

superior cerebellar peduncles (when-where-how.com/Neuroscience).  
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1.1.1 Medulloblastoma Classification  
 

The 2007 World Health Organisation (WHO) CNS tumour classification 

initially aimed at classifying tumours based solely on their histology (Louis et 

al., 2007). Recent advancements in biology led to the incorporation of 

molecular parameters with histology in the 2016 WHO CNS classification. 

This integration helps determine better the prognosis and treatment options 

(Louis et al., 2016).  

1.1.1.1 Histological classification of Medulloblastoma  

 

The 2007 WHO CNS Tumour classification divided Medulloblastoma into four 

different histological variants: classical, desmoplastic, medulloblastoma with 

extensive nodularity (MBEN) and large cell/ anaplastic (LC/A) (Figure 1.2) 

(Louis et al., 2007). 

 

Figure 1.2 Histological subtypes of medulloblastoma  

Microphotographs (hematoxylin and eosin stain showing) (a) classic medulloblastoma (b) 

desmoplastic/nodular medulloblastoma, (c) medulloblastoma with extensive nodularity and (d) 

large-cell/anaplastic medulloblastoma. All images shown at × 400 magnification which 

emphasizes the large cell phenotype. (Gupta et al.,2017) 
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Approximately 65% of tumours are classified as classic medulloblastoma 

(Polkinghorn and Tarbell, 2007). Classic medulloblastoma cells have small to 

medium-sized, round to oval-shaped hyperchromatic nuclei and minimal 

cytoplasm. (Millard and Braganca, 2015). About 25% of tumours are of 

desmoplastic subtype, consisting of reticulin-free nodules (also called pale 

islands) surrounded by proliferating cells that produce a reticulin-rich 

extracellular matrix (Polkinghorn and Tarbell, 2007). MBEN subtype 

comprises approximately 5% of tumours, occurring almost exclusively in 

infants (Polkinghorn and Tarbell, 2007). It has an expanded lobular 

architecture with more prominent reticulin-free zones that are more elongated 

and richer in neutrophil-like tissue. Compared to classic medulloblastomas, 

desmoplastic/nodular and MBEN variants have improved prognosis. LC/A 

subtype comprises the most undifferentiated tumours, constituting 

approximately 5% of tumours. Cells here have large, round, vesicular nuclei 

and prominent nucleoli. They exhibit poor prognoses when compared to classic 

medulloblastomas as shown in Figure 1.2 (Millard and Braganca, 2015).  

1.1.1.2 Molecular classification of medulloblastoma  

 

Pomeroy et al., 2002 highlighted the presence of distinct molecular subgroups 

in medulloblastoma. The outcome of their study led several other studies to 

subgroup medulloblastoma based on the differences in their transcriptome. 

Thompson et al 2006, and Kool et al 2008, concluded the existence of five 

distinct molecular subgroups named A, B, C, D, and E. Cho et al concluded in 

2011 the existence of six distinct molecular subgroups named C1 to C6, and 

Northcott et al 2011 concluded the existence of four distinct molecular 

subgroups named SHH, WNT, Group C, and Group D. These variations in 

subgrouping led to a consensus conference which was held at Boston during 

the autumn of 2010 at which it was agreed there were four main transcriptional 

subgroups of medulloblastoma named WNT, SHH, Group 3, and Group 4. 

(Figure 1.3) (Thomas and Noël, 2019).  
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Figure 1.3 Molecular subtypes of medulloblastoma  

A section of the cerebellum and brainstem showing common locations was observed for 

subgroups: WNT (blue); SHH (red), Group 3 (yellow) and Group 4 (green). (Northcott et al., 

2017) 

WNT subgroup  

Wingless-related integration site (WNT)-activated tumours constitute 10%-

15% of medulloblastoma cases. They are mostly detected in children between 7 

and 14 years of age with the incidence peaking between 10-12 years of age 

(Orr et al., 2020). The male-to-female incidence ratio is balanced (Northcott et 

al., 2019). Almost all WNT medulloblastomas exhibit classic histology, in 

some rare cases LC/A histology is seen (Orr et al., 2020).  Tumours are 

typically located in the midline of the brain, occupying the fourth ventricle and 

infiltrating the brain stem but can also arise from the cerebellar peduncle or the 

dorsal brain stem (Hennika and Gururangan, 2015) as shown in Figure1.1. 

WNT-activated medulloblastomas are mostly non-metastatic at the time of 

diagnosis. The prognosis in children below the age of 16 is very good with the 

overall 5-year survival rate being over 95% (Northcott et al., 2019).  
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In 85–90% of cases, the WNT signalling pathway activation occurs due to the 

activation of somatic mutations in exon 3 of CTNNB1 (Catenin Beta 1), leading 

to the overexpression of β-catenin. Monosomy 6 is seen in almost 70–80% of 

the cases (Thomas and Noël, 2019). WNT medulloblastomas 

lacking CTNNB1 mutations exhibit high levels of APC (Adenomatous 

Polyposis Coli , gene coding for a tumour suppressor protein) mutations. WNT-

activated medulloblastomas have poorly developed blood-brain barrier (BBB) 

and hence are associated with a high degree of haemorrhage (Orr et al., 2020). 

These clinical and molecular characteristics are summarized below (Table 1.2). 

Cavalli et al. suggested two subtypes for WNT: WNTα and WNTβ. The WNTα 

subtype primarily occurred in children and 98% of these cases exhibit 

monosomy 6, whereas the WNTβ subtype occurred in older children and adults 

and only around 29% of the cases exhibit monosomy 6 (Juraschka and Taylor, 

2019). 

SHH subgroup 

Sonic Hedgehog (SHH) subgroup tumours constitute around 30% of the 

medulloblastoma cases. They typically occur in children below the age of 3 

and young adults above the age of 16 (Millard and Braganca, 2015).  SHH 

medulloblastomas arise mostly in the cerebellar hemisphere but also can arise 

in the cerebellar vermis (Orr et al., 2020) (Figure1.1). The male-to-female 

incidence ratios here are equal (Millard and Braganca, 2015). SHH subgroup 

can exhibit all the histologic variants of medulloblastoma with desmoplastic 

being the most commonly seen (over 50%) followed by classic and LC/A 

histology (Orr et al., 2020). They are more likely to metastasize than WNT 

subgroup tumours in infants and children, but less likely when compared to 

Group 3 or Group 4. Survival varies based on the age and histological subtype. 

Amongst SHH subgroup tumours, infants with desmoplastic/nodular tumours 

have the best prognosis, with ten-year overall survival of 84% (Millard and 

Braganca, 2015). SHH medulloblastomas are characterised by activation of the 

SHH signalling pathway. Most of the patients have germline or somatic 

mutations in critical genes of the pathway. These mutations include loss-of-

function mutations or deletions in PTCH1 (Protein Patched Homolog 1) (43% 
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of patients), loss-of-function mutations or deletions in SUFU (Suppressor of 

Fused Homolog) (10%), MYCN (proto-oncogene) amplification (7%) etc 

(PTCH1 and SUFU are genes associated with the negative regulation of the 

SHH signalling pathway) (Northcott et al., 2012; Kool et al., 2014). Recurrent 

alterations in the TP53 (Tumour protein P53, gene encoding tumour suppressor 

protein) signalling pathway (9.4%) and the PI3K pathway (10%) can also be a 

contributing factor toward tumorigenesis of this subgroup (Northcott et al., 

2012).  The 2016 WHO Classification of CNS Tumours separates SHH 

medulloblastoma with or without TP53 mutation (Thomas and Noël, 2019). 

SHH‐activated and TP53 wild‐type MBs are associated with intermediate risk 

disease and a 5‐year overall survival of around 76%, whereas SHH MBs with 

TP53 mutations are associated with high‐risk disease, very poor prognosis and 

5-year overall survival of 40% (Thomas and Noël, 2019; Orr et al., 2020). 

Children with SHH-MB are mostly seen having TP53 mutation enrichment 

(Orrego et al., 2019) 

Apart from the WHO subgrouping several other SHH subgroups have been 

proposed, reflecting the molecular, pathological and risk heterogeneity seen in 

this group. Schwalbe et al described two SHH subgroups based on the age; 

SHH-infant (<4·3 years) and SHH-childhood (≥4·3 years) (Schwalbe et al., 

2017). Cavalli et al, described four subtypes of SHH: SHHα, SHHβ, SHHγ, 

and SHHδ. SHHα occurs during childhood and is characterized by frequent 

TP53 mutations and MYCN amplifications. SHHβ occurs in infants, is 

frequently metastatic, and is associated with a poor outcome compared to that 

of SHHγ, which also occurs in infants and is associated with medulloblastoma 

with extensive nodularity (MBEN) histology. SHHδ subtype occurs in adults 

and is enriched for TERT promoter mutations (Juraschka and Taylor, 2019). 

Group 3 

Group 3 constitutes approximately 25% of the medulloblastoma cases, which 

occur commonly in children and infants (Hennika and Gururangan, 2015). The 

incidence in males is twice when compared to that of females (Northcott et al., 

2019). Group 3 MBs often have classic histology. However, a high ratio of 

LC/A histology (40%) is seen especially in infants (Cassia et al., 2018). 
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Radiographically, these tumours typically demonstrate a midline vermian 

location adjacent to the fourth ventricle (Figure1.1). Group 3 tumours likely 

arise from a neural stem cell population (Juraschka and Taylor, 2019). Group 3 

MB is considered the most aggressive subgroup of medulloblastoma, with 5-

year overall survival of <60% and has a high incidence of metastasis at 

diagnosis (Northcott et al., 2019; Udaka & Packer, 2018). 

Unlike WNT and SHH subgroup, integrated molecular analysis has not 

identified any specific driver pathway for group 3 medulloblastomas. However,  

proto-oncogene MYC amplification is seen occurring in 17% of the group 3 

medulloblastoma cases with frequent PVT1-MYC fusion. Recurrent somatic 

mutations are rare in group 3 medulloblastomas, with only four genes mutated 

in over 5% of cases (Juraschka and Taylor, 2019). Group 3 medulloblastomas 

expressing high levels of the transcription factor TWIST1 exhibit the worst 

overall survival (Cardall 2021). Cytogenetically, Group 3 medulloblastomas 

exhibit extensive aneuploidy, characterized by frequent isochromosome 17q 

(~40–50%; whereby the q arm is duplicated, and the p arm is lost); gain of 

chromosomes 1q and 7; and loss of chromosomes 8, 10q and 16q (Northcott et 

al., 2019). These clinical and molecular characteristics of group 3 

medulloblastoma are summarized in the table below (Table 1.2). 

Multiple different subtypes of Group 3 medulloblastomas have been proposed. 

Based on the gene expression profiles group 3 medulloblastoma patients were 

divided into two subclasses, c1 and c5. The c1 class was strongly associated 

with MYC amplification or overexpression and was characterized by a poor 

outcome, whereas c5 had genome-wide aneuploidy and a more favourable 

outcome. Another study divided group 3 medulloblastoma patients into High-

Risk group and Low-Risk group, whereas a third study subtyped group 3 

medulloblastomas to Group 3α, Group 3β and Group 3γ. In both studies, 

subtypes with MYC amplification or overexpression were associated with poor 

outcomes, and additional subtypes with intermediate to favourable subtypes 

were identified (Northcott et al., 2019; Cavalli et al., 2017; Schwalbe et al., 

2017). 
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Group 4  

Group 4 medulloblastomas are the most prevalent and account for about 35% 

of all medulloblastoma cases. Children between the age of 3 and 16 are 

affected and it is less common in infants. Group 4 medulloblastoma is said to 

be more predominant in males when compared to females (3:1) (Menyhárt et 

al., 2019). Tumours typically have midline vermian location (Figure1.1) 

(Juraschka and Taylor, 2019). The majority of group 4 medulloblastomas are 

of classic histology, although cases of LC/A have been observed (Hennika and 

Gururangan, 2015). The prognosis of group 4 medulloblastoma patients is 

intermediate and with standard therapy, the 5-year overall survival amounts to 

80%. Non-metastatic group 4 patients with chromosome 11 loss have an 

excellent prognosis, with > 90% survival. Approximately 30–40% of group 4 

medulloblastoma patients are metastatic at diagnosis and are currently treated 

as high risk, including those with an LC/A histology. The 5-year survival of 

high-risk patients is approximately 60% (Menyhárt et al., 2019).  

The cell of origin of group 4 medulloblastoma has not been definitively 

established; however, these tumours appear to have transcriptional similarities 

to unipolar brush cells. Common somatic mutations are also rare in this 

subgroup. Amplifications in MYCN is seen in group 4 tumours as well. 

Cytogenetic events seen in Group 4 MBs are isochromosome 17q, the gain of 

chromosomes 7 and 18q, and loss of 8q, 8p, 11p, and X. Table 1.2 gives the 

summary of these clinical and molecular characteristics. Schwalbe et al., 

characterized group 4 medulloblastomas into high-risk and low-risk subtypes. 

The high-risk group show isochromosome 17q enrichment and their 10-year 

survival is approximately 36%, whereas the low-risk group exhibit 

chromosome 11 loss and with a 10-year survival of approximately 72%. 

Cavalli et al. subdivided group 4 tumours into three subtypes: 4α, 4β and 4γ. 

Molecular features associated with these subtypes include MYCN amplification 

in group 4α (Juraschka and Taylor, 2019). 
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Table 1.2 Molecular Subtypes of Medulloblastoma (Juraschka and Taylor, 

2019) 

 

1.1.2 Clinal Risk stratification of medulloblastoma  
 

A final classification of medulloblastoma patients stratifies according to risk 

and was adopted after a consensus meeting of scientists and clinicians in 

Heidelberg (Ramaswamy et al., 2015).Based on the new stratification protocol, 

patients are classified into very high risk, high risk, standard risk and low-risk 

patients. Group 3 medulloblastoma patients who are metastatic and exhibit 

MYC amplification as well as SHH patients who are metastatic with TP53 
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mutation are classified as very high-risk patients and have less than 50% 

chance of survival. High-risk patients are patients with metastatic or MYCN 

amplified this is seen in SHH subgroup as well as group 4 medulloblastoma 

patients with leptomeningeal dissemination. Patients with non-MYCN 

amplified, non-TP53-mutated SHH medulloblastoma, non-MYC amplified 

group 3 tumours and group 4 tumours without chromosome 11 loss are 

classified as standard-risk patients. Low-risk patients are non-metastatic WNT 

patients as well as patients with non-metastatic group 4 tumours and whole 

chromosome 11 loss (Table 1.3) (Kuzan-Fischer CM et al., 2018).  

Table 1.3 Clinal Risk stratification of medulloblastoma 

   

Patient risk stratification based on molecular and outcome criteria (Kuzan-

Fischer CM et al., 2018). 

1.2 Metastasis  
 

Metastasis is regarded as the deadliest event of tumorigenesis and distant 

metastasis was regarded as the end stage of tumorigenesis but recent advances 

in research have shown that metastasis also occurs during the early stages of 

tumorigenesis. Metastasis is an organ-specific, multistep process. It starts with 

the tumour cells leaving their primary tumour and ends with them colonising as 
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secondary tumours in distant sites. Being a multistep process makes drug 

development hard (Majidpoor and Mortezaee, 2021).  

1.2.1 Metastasis cascade 
 

1. Invasion  

Invasion is the first step of metastasis where the cancer cells leave the 

primary tumour and move into the surrounding tumour-associated 

stroma and then into the adjacent normal tissue parenchyma. For the 

cells to reach the stroma they must invade the basement membrane- a 

specialised extracellular matrix (ECM) (Valastyan and Weinberg, 

2011). Epithelial cells are immotile and tightly bound to each other and 

to the neighbouring ECM. Epithelial-Mesenchymal Transition (EMT) 

permits epithelial cells to attain mesenchymal phenotype with increased 

migratory capacity and invasiveness making EMT the key mechanism 

in the promotion of cancer metastasis.  (Fares et al., 2020, Majidpoor 

and Mortezaee 2021). The completion of an EMT is marked when the 

epithelial cells attain mesenchymal phenotype which allows them to 

migrate away from the epithelial layer in which they originated (Kalluri 

and Weinberg, 2009). 

2. Intravasation  

When the locally invasive cancer cells enter the lumina of lymphatic or 

blood vessels it is known as intravasation. The lymphatic spread of 

cancer cells is routinely observed in human tumours making it an 

important prognostic marker for disease progression – dissemination 

via the hematogenous circulation appears to represent the major 

mechanism by which metastatic carcinoma cells disperse (Valastyan 

and Weinberg, 2011). 

3. Circulation  

Once cancer cells have successfully intravasated into the lumina of 

blood vessels, they can disseminate widely through venous and arterial 

circulation (Valastyan and Weinberg, 2011). Circulation is one of the 

most difficult stages for cancer cells. Interactions between circulating 

tumour cells (CTC) and the microenvironmental components of 

circulation determine the survival of the CTCs and their ability to 
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eventually extravasate in distant sites. Most CTCs circulate as single 

cells, whereas others travel in clusters. However, circulating clusters are 

much more likely to form metastases because they have stromal cells 

and immune components from the original microenvironment that 

contribute to their heterogeneity and enhance their survival. Neutrophils 

participate in cluster formation and suppress leukocyte activation, which 

increases the chances of CTC survival. Moreover, CTC and platelet 

interaction leads to the formation of a coating shield of platelets around 

cancer cells that prevents CTC detection by immune cells and provides 

the structure needed to bear the physical stresses of circulation (Fares et 

al., 2020). 

4. Extravasation  

Extravasation is a stage where the CTC’s that survived the circulation 

exit the circulation through the endothelial vasculature. Into the target 

tissue. Exactly when the CTC’s exit varies from tumour to tumour 

(Gupta and Massague, 2006). 

5. Colonisation  

The extravasated cancer cells must survive the microenvironment of the 

distant tissue because the microenvironment of the primary tumour site 

differs from that of the distant tissues. However, it has been proposed 

that tumour cells can establish a pre-metastatic niche via exosomes 

which are extracellular vesicles that communicate signals to local and 

remote cells, and tissues in order to form micro metastatic lesions and 

eventually macroscopic tumours (Guo et al., 2019, (Valastyan and 

Weinberg, 2011) (Figure 1.4). Extracellular vesicles are lipid bound 

vesicles secreted into the extracellular space by the cell (Doyle and 

Wong, 2019). Tumour-secreted extracellular vesicles mediate 

intercellular communication between tumour cells and stromal cells in 

the adjacent and distant microenvironments. They play a vital role in the 

growth of the primary tumour and the evolution of metastasis. They are 

also responsible for multiple systemic pathophysiological processes such 

as vascular leakiness, coagulation, and reprogramming of stromal 

recipient cells to support pre-metastatic niche formation and subsequent 

metastasis (Becker et al., 2016). 
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           Figure 1.4 Overview of the metastatic cascade 

The five key steps of metastasis include invasion into the adjacent tissue, intravasation 

into the lymphatic or blood vessels, circulating through the lymphatic or blood vessels, 

exiting the circulation (extravasation), and colonization in the distant tissue (Fares et 

al., 2020).  

1.2.1 Metastasis in Medulloblastoma  
 

Metastasis and recurrence are responsible for 95% of medulloblastoma-

associated deaths (Menyhárt and Győrffy, 2020).  Metastatic dissemination at 

the time of initial diagnosis may be present in up to 50% of cases. Metastatic 

dissemination can be systemic or limited to the CSF. The former is rare with an 

overall incidence rate of 7% to 10% but is always associated with a very poor 

prognosis, the latter being the most common, but the mechanisms of 

dissemination are poorly understood. (Cassia et al., 2018). The incidence of 

metastatic dissemination in medulloblastoma is also highly subgroup-specific; 

metastatic dissemination at diagnosis is high in Group 3 and 4 tumours and 

relatively rare in WNT and SHH medulloblastomas. The pattern of relapse is 

also seen to be highly subgroup-specific: SHH medulloblastomas recur more 
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frequently in the previously treated resection cavity, whereas Group 3 and 4 

tumours recur almost exclusively with metastatic dissemination (Zapotocky et 

al., 2017). Since medulloblastomas commonly metastasise to the spinal and 

intracranial leptomeninges it has fostered the long-held belief that 

medulloblastoma cells spread directly through the CSF, not the bloodstream. 

The absence of lymphatic channels in the brain rules out the alternative of 

lymphatic metastasis. Fults et al proposed a leptomeningeal dissemination 

(LMD) cascade, a 3-stage process:  

i. Initiation: medulloblastoma cells escape from the primary tumour mass 

in the cerebellum and enter the CSF.  

ii. Dispersal:  surviving cells spread through the CSF channels.  

iii. Colonisation: disseminated cells or cell aggregates implant on a distant 

pial surface and establish a thriving metastatic nidus. 

Medulloblastomas arise in the cerebellum allowing them to be in close 

proximity to the CSF-filled fourth ventricle (Figure1.1). To metastasise, 

medulloblastoma cells must acquire enhanced migration and invasive 

properties and be able to weaken cell-cell adhesions so that they can loosen 

their attachment to neighbouring tumour cells, invade the ECM, and gain 

access to the CSF (Fults et al., 2019). For this LMD cascade to begin, the cells 

must be able to invade and migrate; for Group 3 medulloblastoma insights into 

the process can be garnered from consideration of the genetic alterations that 

can be seen in this group (Zhou et al., 2010).  

 

The primary molecular signature of Group 3 medulloblastoma is the 

upregulation of the gene coding for MYC. The upregulation of MYC suppresses 

the expression of Thrombospondin-1 (Tsp-1, an adhesive glycoprotein) thereby 

weakening the intercellular adhesive forces sufficiently to cause individual 

cells or small aggregates of cells to detach from the tumour mass and enter the 

CSF (Fults et al., 2019; Resovi et al., 2014). Group 3 medulloblastomas that 

exhibit chromosome 17q gain are seen to overexpress the cytoskeleton 

reoganising protein LASP1 (17q21). Overexpression of LASP1 is strongly 

correlated with metastatic dissemination and inferior survival (Traenka et al., 

2010). WIP1 is another gene seen on chromosome 17q. Overexpression of 

WIP1 stimulates C-X-C chemokine receptor type 4 (CXCR-4) on the cell 
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surface which in turn activates PI3K/AKT signalling and promotes 

proliferation and invasion (Buss et al., 2015). PRUNE1 (negative regulator of 

NME1) promotes metastasis by binding to metastasis-suppressor gene NME1 

and activating Transforming growth factor - β (TGF-β) signalling and then 

enhances the transcription factor OTX2 expression and tumour suppressor gene 

PTEN inhibition, which together constitute a signalling axis to promote 

metastasis (Ferrucci et al., 2018). NOTCH1 (Translocation-Associated Notch 

Protein TAN-1) is seen to initiate metastasis in Group 3 medulloblastomas with 

TWIST1 and BMI1 (proto-oncogene) as the downstream mediators. BMI1 has 

been proven to promote medulloblastoma invasion and metastasis 

(Bakhshinyan et al., 2019; Merve et al, 2014). TWIST1 in Group 3 

medulloblastoma tumours has been shown to regulate pathways linked to 

metastatic pathways and outcomes (Cardall 2021). Finally, Taylor et al showed 

that YB-1 regulates traits associated with invasion in group 3 medulloblastoma 

by establishing YBX1 knockdown cell lines making YB-1 a worthy target for 

further investigation. (Taylor 2022).  

 

1.3 Y-Box Binding Protein (YB-1) 
 

YB-1 is a multifunctional protein that got its name from the ability to bind to a 

sequence in the DNA called a Y-Box (5’-CTGATTGGC/TC/TAA-3’) located 

in the promoter region of the major histocompatibility complex II gene (Lyabin 

et al., 2013). It is a member of a large family of proteins with an evolutionarily 

ancient cold shock domain (Eliseeva et al., 2011). YB-1 is involved in various 

cellular processes like proliferation, differentiation and stress response. YB-1 

functions in the cytoplasm as well as in the nucleus. It is a DNA and RNA 

binding protein and also interacts with a variety of other proteins. Because of 

its ability to bind to nucleic acids, YB-1 is seen to be involved in almost all 

DNA and mRNA-dependent processes including DNA replication and repair, 

transcription, pre-mRNA splicing, and mRNA translation (Taylor et al., 2021).   

 

YB-1 activates the transcription of genes of several protective proteins when 

moving from the cytoplasm into the nucleus, including proteins that provide 

multidrug resistance in cells. During DNA repair in the nucleus, YB-1 also 
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enhances the resistance of cells to xenobiotics and ionizing radiation thereby 

making YB-1 nuclear localization an early marker of multidrug resistance in 

malignant cells. Increased levels of YB-1 in the cytoplasm prevent oncogenic 

cell transformation by the PI3K/Akt signalling pathway, and simultaneously it 

can promote EMT thereby making it favourable for the cells to spread within 

the organism and metastasize. Thus, YB-1 in the cytoplasm can be a marker of 

metastasis in remote organs (Eliseeva et al., 2011). 

1.3.1 YB-1 Structure  
 

YB-1 is a 36 kDa protein coded by the gene YBX1 located on chromosome 1 at 

position 1p34 (Bergmann et al., 2005). YB-1 consists of three domains: an 

alanine/proline-rich N-terminal domain (A/P domain), a cold shock domain 

(CSD), and a large C-terminal domain (CTD) with alternating clusters of 

positively and negatively charged amino acid residues as shown in Figure 1.5 

(Alkrekshi et al., 2021). CSD’s have tertiary structures similar to the bacterial 

major cold shock protein domain whose structure is represented by a closed 

five-stranded antiparallel β-barrel (Lyabin et al., 2013 and Taylor et al., 2021). 

This has been suggested by bioinformatics analysis and confirmed by circular 

dichroism (CD) spectroscopy. Lyabin et al., also showed that the A/P domain 

and CTD have no secondary structures and appeared to be intrinsically 

disordered. CTD’s binding to nucleic acids was thought to be due to the 

disordered structure of this domain (Lyabin et al., 2013) but recent DNA 

structural analyses have revealed that CTD’s react with residues in CSD and 

attain a rigid structure which helps them recognise more DNA binding sites 

than previously thought (Zhang et al., 2020).  

 

DNA binding was seen to reduce significantly due to the phosphorylation of 

serine 102 (S102) showing that YB-1’s interaction with DNA and RNA is 

regulated by S102 phosphorylation (Zhang et al., 2020). The distribution of 

YB-1 between the cytoplasm and nucleus is thought to be regulated by the 

cytoplasmic retention site (CRS): CRS1 (247–267) and CRS2 (264–290) and 

by a set of nuclear localisation signals (NLS): NLS-1 (149-156), NLS-2 (185-

194), and NLS-3 (276-292) shown in Figure 1.5 (Talyor et al., 2021). Under 

normal growth conditions, CRS was found to be more prevalent than NLS 
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making YB-1 localized in the cytoplasm but under certain stress 20S 

proteasome can cleave off the CRS-containing portion leading to the 

translocation of YB-1 into the nucleus (Mordovkina et al.,2016).  

 

 

Figure 1.5 YB-1 protein domain organization 

YB-1 has a disordered Alanine/Proline rich (A/P) domain, a universally conserved cold shock 

domain (CSD) and an elongated, disordered C-terminal domain (CTD). Each domain contains 

binding sites for various protein interactors, some of which are illustrated, with the coloured 

horizontal bars indicating the region of YB-1 thought to be involved in the interaction denoted. 

The possibility of YB-1 dimerisation through the CTD is one such interaction. The CTD 

consist of two cytoplasmic retention signals (CRS) and three nuclear localization signals (NLS) 

(Talyor et al., 2021) 

1.3.2 YB-1 as a DNA Binding Protein  

  

YB-1 was recognized as a transcription factor when it was found to bind to the 

promotor of two genes: the major histocompatibility complex (MHC) class II 

and the epidermal growth factor receptor (EGFR) enhancer gene. Though YB-

1 acts as a transcription factor for specific genes, the story is far from complete 

because, in genome-wide chromatin immunoprecipitation (ChIP)-on-chip 
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analysis of breast cancer cell lines, there were over 6000 potential target genes 

for YB-1 (Finkbeiner et al., 2009). A study analysed the interaction of YB-1 

with oligodeoxyribonucleotides immobilized onto a microchip and found that 

YB-1 had the greatest preference for the single-stranded motif GGGG, 

followed by single- and double-stranded motifs CACC and CATC, and a lower 

affinity for the sequences occurring in Y-boxes. Many studies showed that YB-

1 had a higher affinity for single-stranded DNA than double-stranded DNA. 

YB-1 when translocated from the cytoplasm to the nucleus under stress brings 

about multidrug resistance, DNA repair etc (Yin et al., 2022) YB-1’s role in 

DNA repair is due to its high affinity to cisplatin-modified DNA, DNA with 

apurinic sites, DNA with unpaired bases or DNA-containing mismatches 

(Eliseeva et al., 2011). Studies have shown that the nuclear expression of YB-1 

and the expression of the multidrug pump ATP binding cassette subfamily B 

member 1 (ABCB1) following exposure to therapeutics links YB-1 expression 

to multidrug resistance mechanisms (Taylor et al., 2023). 

1.3.3 YB-1 as an RNA Binding Protein 
 

YB-1’s ability to bind to RNA was discovered before its ability to bind to DNA 

was discovered. YB-1 interacts with numerous mRNAs and is also a potent 

cap-dependent mRNA stabilizer. YB-1’s role as a ribonuclear protein depends 

on its phosphorylation status. YB-1 when not phosphorylated binds to 

translationally inactive messenger ribonuclear protein particles (mRNPs) and 

inhibits internal ribosome dependant mRNA translation but this mRNA 

binding ability reduces when it is phosphorylated at S102 thereby permitting 

the translation of mRNAs (Alkrekshi et al., 2021). Non-coding RNA (ncRNA) 

such as microRNA (miRNA), circular RNA (CircRNA), and long non-coding 

RNA (LncRNA) are recognized as central regulators of cellular processes, and 

expression alteration is associated with several cancers (Anastasiadou et al., 

2018). Genome-wide analysis of YB-1 and RNA interaction in glioblastoma 

multiforme revealed that YB-1 regulates miRNA by binding to pri/pre-miR-

29b-2 and regulates the biogenesis of miR-29b-2 by blocking its interaction 

with Dicer (Lai Wu et al., 2015). LncRNA AATBC in breast cancer leads to 

metastasis by activating Hippo/YAP1 signalling pathway through AATBC-
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YB-1-MST1 (Yin et al., 2022). In breast cancer, LncRNA MIR200CHG binds 

directly to YB-1, inhibits its ubiquitination and degradation and increases YB-1 

pS102 expression in the nucleus and cytoplasm thereby promoting 

proliferation, invasion and drug resistance (Tang et al., 2021). In renal cell 

carcinoma cells, circ-SAR1A was seen to promote growth and invasion by 

controlling the miR-382/YBX1 axis (Zhao et al., 2020). YB-1 showed a higher 

affinity to RNA containing an oxidized base of 8-oxoguanine which is 

discussed in detail in section 1.3.5. (Hayakawa et al., 2002).  

1.3.4 YB-1 and metastasis  
 

YB-1’s role in the invasion and metastasis of various other tumours has been 

studied as well. shRNA-mediated silencing of YB-1 decreased the 

proliferation, migration, and invasion of neuroblastoma cell line SH-SY5Y 

(Wang et al., 2017). Knockdown of YB-1 both stably and transiently in pGBM 

cell line SF188 significantly reduced cell invasion in transwell invasion assays 

(Gao et al., 2009). Taylor 2022 through modified Boyden chamber assay saw a 

reduction in the invasive capacity of group 3 MB’s upon knocking down YB-

1(Taylor 2023). A study in lung cancer showed that YB-1 activated the 

transcription of Nanog thereby increasing the metastatic cells and the formation 

of new colonies. A study in malignant pleural mesothelioma showed YB-1 

knockdown significantly reduces tumour cell migration and invasion (Yin et 

al., 2022). A study showed that YB-1 overexpression in mammary epithelial 

cells MCF10AT resulted in their epithelial-mesenchymal transition (EMT). 

Especially YB-1 synthesized from a plasmid-triggered translation of mRNAs 

coding for the EMT-providing transcription factors (Snail 1 and 2, HIF1α, 

LEF-1, ZEB2, etc.) (Laybin et al., 2013). Over-expression of YB-1 in breast 

cancer cells is associated with loss of E-Cadherin and tight junction protein 

ZO-1, increased expression of N-cadherin and vimentin and the emergence of a 

mesenchymal phenotype (Evdokimova et al., 2009). Studies in epithelial 

tumours showed that YB-1 can regulate the expression or enhance the activity 

of various matrix metalloproteinases (MMPs) including MMP-11, MMP-14, 

MMP-2, MMP9 and (MT1)-MMP (Taylor 2022). MMP’s degrade ECM 

promoting the invasion of tumour cells (Gonzalez-Avila et al., 2019).  
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1.3.5 YB-1 and Oxidative Stress  
 

YB-1 is linked with the cell’s response to oxidative stress. The cold shock 

domain is said to be involved in stress response. YB-1 is said to localize to the 

cytoplasmic stress granules (SG’s) under acute oxidative stress (Guarino et al., 

2018). SG’s are one mechanism by which cell responds to protein synthesis 

under stress. SG’s require specific RNA-binding proteins like G3BP1. YB-1 is 

said to bind to the 5’untranslated region (UTR) G3BP1 mRNAs, thereby 

controlling the availability of the GTPase G3BP1 which activatesSG assembly 

(Somasekharan et al., 2015). 8-oxoguanine modification occurs due to 

oxidative stress conditions and can cause different errors during protein 

biosynthesis. It is assumed that YB-1 blocks the translation of the 8-

oxoguanine containing mRNA by binding to it. 

1.4 Oxidative stress  
 

Cellular homeostasis is maintained when there is a balance between the 

production and degradation of reactive oxygen species (ROS). Oxidative stress 

is the imbalance between excessive oxidant formation and the scavenging of 

those radicals by antioxidants (Daenen et al., 2019). The brain is more 

susceptible to oxidative stress due to its high oxygen consumption (Salim 

2016). ROS can be mutagenic and promote tumour formation through the 

oxidation of the guanine base in the DNA and RNA producing 8-Oxoguanine 

(Figure 1.6) (Gill et al., 2016). 8-Oxoguanine can base-pair to both cytosine(C) 

and adenine(A) (Boogard et al., 2020) thereby resulting in G to T and C to A 

substitutions, potentially introducing missense mutations (Gill et al., 2016).  
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Figure 1.6 Oxidation of guanine base 
Reactive oxygen species (ROS) generate 8-oxoguanine by oxidation of guanine base in the C8 

position. 8-oxoguanine is highly mutagenic as it can pair to both adenine and cytosine. After 

two rounds of replication it increases the occurrence of A:T to C:G or G:C to T:A transversion 

mutations. (Nakabeppu 2014).  

1.4.1 8-Oxoguanine in cancer  
 

8-oxoguanine serves as a promising biomarker for predicting the prognosis and 

survival outcomes of various cancers due to their high levels in in tumours, 

blood samples or urine (Qing et al., 2019). Karihtala et al., showed that 8-

hydroxydeoxyguanosine (8-OHdG) plays a significant role in ovarian 

carcinogenesis suggesting 8-hydroxydeoxyguanosine to be a novel prognostic 

marker in ovarian cancer (Karihtala et al.,2009). Li et al., reported 8-

hydroxydeoxyguanosine levels to be associated with hepatocellular carcinoma 

characteristics, including tumour size, tumour quantity, clinical staging, child 

classification, portal vein thrombosis and ascites. Therefore suggested 8-

hydroxydeoxyguanosine to be a novel prognostic factor in hepatocellular 

carcinoma when taken together with the other clinical characteristics (Li et al., 

2012). Studies have also reported 8-oxoguanine as prognostic markers for 

breast cancer as well as renal cell carcinoma (Qing et al., 2019). In colon 

cancer, oxidative stress is induced at an early and is intensified during cancer 

progression based on which a study conducted by Diziaman et al., showed 8-

oxoguanine to be an effective predictor of survival in colon cancer patients 

(Diziaman et al.,2014).Studies on several cancer groups like nonsmall-cell lung 

cancer, cutaneous melanoma, colorectal cancer have shown 8-oxoguanine to be 
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a suitable marker to be used to determine the survival outcomes (Qing et al., 

2019).  

1.4.2 8-Oxoguanine in DNA  
 

In the DNA over 100 oxidative adducts have been identified, ranging from 

modifications of the bases (e.g., 8-oxo-dG, 8-oxo-dA, thymidine glycol, 5-

hydroxylcytosine, and 5-hydroxyuracil) and nucleotides (abasic or cyclic 

forms; e.g., 2-deoxyribonolactone, 5′,8-cyclo-2’-deoxyguanosine, and 5′,8-

cyclo-2’-deoxyadenosine) to those with breakage of the phosphate backbone. 

Guanine has the lowest redox potential compared to the other bases making 8- 

oxo-dG the most prevalent oxidized form generated by reacting with oxygen at 

the C8 position, of which the double bond in guanine is directly attacked by the 

hydroxyl radical (J.Y. Hahm et al., 2022). 8-Oxoguanine was first discovered 

in DNA during the characterization of carcinogenic molecules related to 

oxidative stress owing to which they are widely used as a ROS biomarker (Ock 

et al., 2012). 8-Oxoguanine can be either produced directly at the DNA or at 

the free nucleotide level (8-oxo-dG or 8-oxo-dGTP), which can be 

incorporated through DNA replication. As stated above, 8-Oxo-dG is highly 

mutagenic because of its ability to pair with adenine causing a guanine-to-

thymine mutation (G > T, the same as C > A) during DNA replication (J.Y. 

Hahm et al., 2022).  

1.4.3 8-Oxoguanine in RNA 
 

Guanine in the RNA is more vulnerable to producing 8-oxoguanine under 

oxidative stress than guanine in DNA as there are exposed (single stranded) 

and unsecured (lacks reductant defence mechanism), but the focus on 8-

oxoguanine in the RNA is low because most RNAs are relatively unstable 

macromolecules (with rRNA and rRNA being notable exceptions). Therefore, 

8-oxoguanine in the DNA has been studied more than 8-oxoguanine in the 

RNA, and the latter’s repair mechanisms and regulatory functions are largely 

unknown. Among the numerous forms of oxidized RNA (e.g., 8-oxoguanine, 

8- oxoadenine, 5-hydroxyuridine, and 5-hydroxycytidine), 8-oxoguanine is the 

most abundant product and is susceptible to further oxidation, strand breakage, 
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and base removal. Due to the wide range of biological roles played by RNA , 

oxidation of RNA can critically lead to miscellaneous dysfunctions and 

regulation of both coding and noncoding RNAs, which are related to 

pathophysiological consequences under oxidative (J.Y. Hahm et al., 2022). 

1.4.4 8-Oxoguanine repair Mechanism 
 

DNA Repair Mechanism:  

8-oxoguanine accumulates in DNA either due to the incorporation of 8-oxo-

dGTP from the nucleotide pool or because of direct oxidation of guanine in the 

DNA (Nakabeppu 2014). In eukaryotes, MTH1 (also known as NUDT1), a 

homolog of the Escherichia coli MutT protein hydrolyzes oxidized purine 

nucleoside triphosphates like 8-oxo-dGTP, to the corresponding 

monophosphates and pyrophosphates (Sakai et al., 2002) .8-oxo-dGMP is 

further converted to the nucleoside, 8-oxo-dG, thus avoiding their 

incorporation into DNA as shown in Figure 1.7 (Nakabeppu 2014).  

8-oxoguanine incorporated in  the DNA is removed by 8-oxoG DNA 

glycosylase, encoded by the OGG1 gene,(Radicella et al., 1997). OGG1 

removes the oxidized base to initiate base excision repair (BER). OGG1 

preferentially excises 8-oxoguanine opposite cytosine (Lu et al., 1997). A 

DNA glycosylase encoded by MUTYH, a homolog of E. coli mutY, excises the 

adenine inserted opposite 8-oxoG in the template strand (Slupska et al., 1999). 

When base excision repair (BER) is initiated by MUTYH, cytosine is inserted 

opposite 8-oxoguanine in the template DNA. OGG1 then removes the 8-oxoG 

residue opposite cytosine in DNA. MUTYH thereby contributes to minimising 

8-oxoG accumulation in DNA as shown in Figure 1.7 (Nakabeppu 2014).  
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Figure 1.7 8-Oxoguanine repair in the DNA 

8-oxoguanine gets repaired either in the nucleotide pool by MTH1/NUDT1 (black coloured 

arrow) or in the DNA by OGG1 and MUTYH (blue coloured arrows). Unrepaired 8-

oxoguanine base leads to A:T to C:G or G:C to T:A transversion mutations (purple colour) 

(Nakabeppu 2014). 

RNA Repair Mechanism:  

Direct repair of 8-oxoguanine in the RNA is not well known (J.Y. Hahm et al., 

2022). YB-1 is seen to bind specifically to RNA containing 8-oxoguanine and 

is assumed that by recognizing the modified mRNA, YB-1 is capable of 

blocking its translation (Hayakawa et al., 2002; Eliseeva et al., 2011).  

1.5  Aims of this project   
 

As a part of her PhD work, Taylor (2022) aimed to identify the transcriptional 

targets regulated by YB-1 under acute and chronic treatment of cisplatin and 

vincristine in Group 3 MB’s by performing ChIP Sequencing. Unfortunately, 

all the input samples irrespective of their cell line or treatment state exhibited 

unexpected peak enrichment which led to poor alignment of the input samples 

to the human genome and problematic peak calling analysis. PCR errors and 

sequencing mis-calls which are the common causes for poor alignment were 

ruled out. Similarly, the data was not affected by the so-called Exclusion List, a 
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list of regions in the human genome known to give high variance in mapping 

experiments. Further sequencing of Taylor 2022’s samples was carried out by 

the University of Nottingham DEEP-SEQ facility and a prevalent 8-

oxoguanine signal was detected leading the poor alignment with its reference 

genome. The overarching aim of this thesis is to determine this enrichment of 

8-oxoguanine is artefactual in the ChIP sequencing or is a general reflection of 

paediatric medulloblastoma samples.  

8-oxoguanine lesions can be either naturally occurring in the tumour cells or 

can occur artifactually (Van den Boogaard et al., 2020). Van den Boogaard et 

al., confirmed the presence of naturally occurring 8-oxoguanine in 

neuroblastoma by performing Sanger sequencing and Lida et al., confirmed the 

presence of 8-oxoguanine in various brain tumour tissues by 

immunohistochemistry (Van den Boogaard et al., 2020; Lida et al., 2001). In 

contrast, Costello et al., in their work, showed that 8-oxoguanine lesions can 

occur during due to the shearing of samples during sample preparation for 

sequencing (Costello et al., 2013) (chromatin shearing was used in Taylor’s 

ChIP Sequencing study). Therefore, the study’s first aim is to check if the 8-

oxoguanine lesion detected is natural or artefactual by performing 

immunofluorescence in the parental and the drug-tolerant Group 3 MB cell 

lines. 

In their study, van den Boogaard et al. showed that defects in the base excision 

repair (BER) pathways increased the levels of 8-oxoguanine lesions in 

Neuroblastoma (Van den Boogaard et al., 2020). Hence the next aim of the 

work is to determine if there are any defects in the 8-oxoguanine defence 

mechanism in Group 3 MB’s.  

Hiroshi et al. showed that YB-1 binds specifically to 8-oxoguanine containing 

RNA and is assumed to prevent its translation (Hiroshi et al 2002; Eliseeva et 

al., 2011) and 8-oxoG DNA glycosylase (OGG1) specifically excises 8-

oxoguanine incorporated in the DNA (Lu et al., 1997). Therefore, the next aim 

is to determine if YB-1 regulates 8-oxoguanine levels and how the presence 

and reduction of OGG1 and/or YB-1 relates to 8-oxoguanine levels.  
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Lin et al., showed that 8-oxoG is associated with the lymphatic metastasis of 

cervical carcinoma (Lin et al., 2022) and several studies have shown the 

involvement of YB-1 in the metastasis of various cancers. With 8-oxoguanine 

and YB-1 having been seen involved in metastasis, the next aim of the work is 

to study the colocalization of YB-1 and 8-oxoguanine between Group3 MB’s 

primary tumour cell line and their corresponding metastatic cell line.  

Aim 1: To determine whether the 8- oxoguanine lesion detected in 

Taylor’s ChIP Seq data is natural or artefactual. 

Aim 2: To determine if there are any defects in the 8-oxoguanine 

defence mechanism in Group 3 MB’s. 

Aim 3: To determine if YB-1 can regulate 8-oxoguanine levels and 

to check if the presence and reduction of OGG1 and/or YB-1 relates 

to 8-oxoguanine levels. 

Aim 4: To determine the colocalization of YB-1 and 8-oxoguanine between 

Group 3 MB’s primary tumour cell line and their corresponding metastatic cell 

line. 
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Chapter 2. MATERIALS AND METHODS   
 

2.1 Genome analysis of publically available datasets 
 

The R2 Genomic Analysis and Visualization Platform (https://r2.amc.nl/) was 

used the analyse the expression of the gene of interest in publically available 

datasets. The datasets used in this study are listed in Table 2.1 

Table 2.1 Gene expression dataset used in this study 

Dataset Sample/Tumour 

Type 

Number of 

samples 

Reference 

Roth Normal 

Cerebellum 

9 Roth et al., 2006 

Pfister Medulloblastoma 223 Northcott et al., 

2017 

Cavalli Medulloblastoma 763 Cavalli et al., 

2017 

 

2.2 Cell Culture  
 

2.2.1 Cell Maintenance  
 

Eight cell lines were used for this study and their clinical information can be 

found in Table 2.2. The cells were grown at 37̊C and 5% CO2 using suitable 

flaks and medium and the details of which can be found in Table 2.2. The cells 

were subcultured after they reached 70% confluency. All the cell lines were 

from the local stocks originating from donations from authors in the reference 

column of Table 2.2 

 

 

 

https://r2.amc.nl/
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Table 2.2 Cell Lines used in this study 

Subgroup Cell Line Metastatic  

State 

Growth 

Type 

Media  Reference 

 

 Group 3  

    MB 

HD-MB03 Spinal metastasis at 

diagnosis (M3) 

Semi-

Adherent 

Roswell Park Memorial Institute-1640 (RPMI-1640; 

Sigma-Aldrich; R8758) + 10% foetal calf serum 

(FCS) 

 Milde et al., 

2012 

D425* Non-metastatic 

(M0) 

Semi-

Adherent 

 

Dulbecco’s Modified Eagle Serum (DMEM;Sigma-

Aldrich;D6429)+ 10% FCS  

He et al., 1991 

D458* Metastatic (M+) Semi-

Adherent 

HEK293A Human Embryonic 

Kidney  

N/A Adherent DMEM+ 10%FCS  DuBride RB et 

al., 1987 

Drug Tolerant and 

Vehicle 

MB 

DT-HD-MB03-

CIS 

N/A Semi-

Adherent 

RPMI +10%FCS + 0.5µM cisplatin 

(Merck;C2210000) 

 

Taylor 2022 

DT-HD-MB03-

DMF 

N/A Semi-

Adherent 

RPMI +10%FCS + 0.005% DMF (Sigma-

Aldrich;D4551) 

YB-1 Knockdown cell 

lines and Vehicle 

MB 

KD-HD-MB03 or 

NS-HD-MB03 

N/A Semi-

Adherent 

RPMI +10%FCS + 2µg/ml puromycin (Sigma, 

P8833) 

Taylor 2022 

MB – Medulloblastoma; *- Primary cell lines and their matched metastatic cell line
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2.2.2 Culturing Adherent Cell lines  
 

The HEK293A cell line grew adherently in standard culture. Medium, PBS 

(10x PBS; Lonza 17-517Q) and trypsin were pre-warmed before sub-culturing. 

To sub-culture these cells, the growth medium was removed and discarded, and 

the cells were washed with 1x PBS once and discarded. The cells were 

detached by incubating them with 3ml Trypsin-EDTA (Sigma-Aldrich; T4174) 

at 37̊C for 3 to 4 minutes. The trypsinisation was stopped by the addition of 

double the volume of the dissociating solution and the contents were 

transferred to a 20ml tube. The cell suspension was centrifuged at 500 x g for 5 

minutes. The supernatant was discarded, and the pellet was re-suspended in its 

respective medium (Table 2.2) at a ratio of 1:10 and seeded into a new T75 

flask (Thermo Scientific; 130190) containing 10-12ml of the medium.  

2.2.3 Culturing Semi-Adherent Cell lines  
 

Group 3 Medulloblastoma cell lines HD-MB03, D425 and D458 grew semi-

adherently in standard culture consisting of a mixed population of adherent 

cells, semi-adherent cells and suspension cells. To sub-culture these lines, the 

growth medium was transferred to a 20ml tube. The cells were washed using 

1x PBS and transferred to the same tube. The cells were detached by 

incubating them with 2ml Trypsin-EDTA at 37̊C for 3 to 4 minutes. The 

trypsinisation was stopped by the addition of double the quantity of the 

medium. The contents were transferred to the same tube. The cell suspension 

was centrifuged at 100 x g for 5 minutes. The supernatant was discarded, and 

the pellet was re-suspended in its respective medium (Table 2.2) at a ratio of 

1:10 or 1:20 and seeded into a new T75 flask containing 10-12ml of the 

medium. 

2.2.5 Maintaining Drug-Tolerant Cell lines 
 

DT-HD-MB03-CIS, the drug-tolerant cell line of group 3 medulloblastoma cell 

line HD-MB03 and its respective vehicle cell line DT-HD-MB03-DMF grew 

semi-adherently and were cultured similarly to their parental cell line. Cisplatin 

tolerant cell lines were generated by Taylor 2022 by continuous selection 



44 
 

model. The cells were grown in gradually increasing concentrations of the 

cytotoxic drug starting at 1/100th the IC50 and doubling it from there with 

subsequent passages until a stable tolerance was obtained and quantified with 

cytotoxicity assays (Taylor 2022). The drug tolerant cell lines were cultured 

with media containing 0.5µM Cisplatin and vehicle treated cell line were 

cultured with media including 0.005% of DMF. 

2.2.6 Culturing Knockdown Cell Lines  
 

Taylor 2022 generated cell lines with stable knockdown of YBX1 expression 

through shRNA mediated gene silencing using the GIPZ Lentiviral particle 

starter kit for YBX1. The YBX1 gene expression was reduced by 93% and the 

protein levels were reduced by 83% after knockdown (Taylor 2022). KD-HD-

MB03, the YBX1 Knockdown cell line of group 3 medulloblastoma cell line 

HD-MB03 and its respective vehicle cell line NS-HD-MB03 grew semi-

adherently and were cultured similar to their parental cell line with puromycin 

(2μg/mL). 

2.2.7 Stock Preparation  
 

The cells were trypsinised and the pellet was obtained as previously described. 

The pellet was resuspended in the desired quantity of freezing medium. The 

freezing medium was made from 90% v/v FCS and 10% v/v DMSO (Sigma-

Aldrich; D8418). 0.5ml or 1ml of the cells suspended in the freezing medium 

were transferred to cryogenic vials. The cryogenic vials were then placed in a 

controlled cooler container at -80̊C for 24 hours and the cryovials were then 

transferred to the liquid nitrogen store.  

2.2.8 Recovering cells from liquid-nitrogen storage  
 

The cryogenic vials were thawed in a water bath set at 37oC. Once thawed, the 

cells were transferred into a T25/T75 flask containing 5-7ml/10-12ml of fresh 

medium respectively. In the case of drug-tolerant cell lines and vehicle cell 

lines, the cell suspension was transferred to a T25/T75 flask containing drug-

free medium, and once recovered drug/vehicle-containing medium was used. 
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In case of knockdown cell lines, the cells were recovered in media containing 

the desired amount of puromycin. Once the cells reached 60% confluency, they 

were further cultured using the respective medium as mentioned above.  

2.2.9 Cell Counting 
 

For counting cells, they were washed, trypsinised, pelleted and re-suspended in 

the required amount of medium. The cells were counted using ths CellDrop 

Automated Cell Counter (DENovix). The lower arm was brought to its resting 

position. 15µl of 70%ethanol was pipetted between the sample surfaces. The 

arm was lifted and the top and the bottom arm were wiped using a dry 

laboratory wipe. The arm was then lowered and 10µl of the cell suspension 

was pipetted between the sample surfaces. Using the Trypan Blue software, the 

number of cells in 10µl of the cell suspension was measured.  

2.3 Assessing Cell Viability  
 

PrestoBlue assay was used (ThermoFisher; A13262) to determine the changes 

in cell viability. The PrestoBlue Cell Viability Reagent is a resazurin-based 

solution that helps measure the viability of the cells based on the living cells 

reducing ability. Once PrestoBlue reagent enters the living cells it is reduced to 

resorufin which is red in colour and highly fluorescent. The viability of the cell 

can be monitored by the change in fluorescence. Non-viable cells cannot 

reduce this dye and hence produce no fluorescence.  

Cells were plated in complete medium at 5000 cells per well in clear-bottomed, 

black-walled 96-well plates (Greiner; 655090) and left to settle for 24 hours. 

Cells were then treated with 2.5µM, 5µM ,10µM, 20µM and 50µM 

concentrations of TH5487 and incubated at 37̊C and 5% CO2 for 24, 48 and 72 

hours. Following treatment, surviving cells were assayed with PrestoBlue at a 

final dilution of 1:10 for 30 minutes at 37̊C and 5% CO2 and fluorescence was 

measured at 555/595nm using SpectraMaxR iD3 Multi-Mode Microplate 

Reader. 
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2.4 Immunofluorescence  
 

2.4.1 Single Staining  
 

For immunofluorescence (IF), cells were seeded in chamber slides (Ibidi; 

80841) at 20,000 cells/well (HD-MB03, DT-HD-MB02-CIS, DT-HD-MB03-

DMF) and were incubated overnight. For these semi-adherent cell lines, in 

order to let the suspension cell population settle the chamber slides were taken 

out of the incubator 15 minutes prior to fixing. After 15 minutes, 3/4ths of the 

medium was removed by careful aspiration, leaving a thin layer (1/4th) of the 

suspension cells.  The cells were fixed using sterile filtered 4% w/v 

paraformaldehyde (PFA) for 20 minutes at room temperature. Following the 

fixation, the wells of the chamber slides were either washed with PBS and used 

immediately for immunofluorescence or washed with PBS, wrapped in 

parafilm and stored in PBS at 4̊C for use within 4 weeks.  

The cells were permeabilised by incubating the wells with PBX (PBS + 0.1% 

v/v Triton X-100) for 30 minutes. The wells were then washed with PBS and 

blocked for one hour with 10% v/v goat serum (Vector Laboratories; S1000)) 

at room temperature in a humidity chamber. Following blocking, the primary 

antibody diluted in blocking solution (Table 2.3) was added dropwise to the 

wells and incubated in a humidity chamber either for one hour at room 

temperature or overnight at 4̊C. The wells were then washed in PBT (PBS + 

0.1% v/v Tween-20) 5 minutes, 10 minutes and 15 minutes, after which the 

secondary antibody was added dropwise to the wells and incubated in a 

darkened humidity chamber for one hour at room temperature. The secondary 

antibody was washed off with PBT for 5 minutes, 10 minutes and 15 minutes. 

Following the PBT wash, the cells were equilibrated in PBS. Following the 

equilibration, 500nM 4′,6-diamidino-2-phenylindole dihydrochloride (DAPI) 

(Invitrogen; D1306) was added to the wells and incubated for 5 minutes. The 

cells after incubation with DAPI were washed thrice in a 5-minute period with 

PBS. The slides were dried and mounted in FluoroGel mounting medium 

(GeneTex; GTX28214). Following this, a 22 X 50mm cover slip was placed 
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carefully over the sample. After the mounting medium was set the slides were 

sealed using nail polish and stored at 4̊C in a slide box for imaging. 

2.4.2 Double staining 
 

For double staining immunofluorescence (IF), cells were seeded in chamber 

slides (Ibidi; 80841) at 40,000 cells/well (D425 and D458) and were incubated 

overnight. The cells were fixed, permeabilised and blocked as mentioned in 

section 2.4.1. Following blocking, both the primary antibodies were diluted 

together in the blocking solution (Table 2.3) was added dropwise to the wells 

and incubated in a humidity chamber either for one hour at room temperature 

or overnight at 4̊C. The wells were then washed in PBT (PBS + 0.1% v/v 

Tween-20) for 5 minutes, 10 minutes and 15 minutes, after which the 

respective secondary antibodies were diluted together and added dropwise to 

the wells and incubated in a darkened humidity chamber for one hour at room 

temperature. The secondary antibody was washed off with PBT for 5 minutes, 

10 minutes and 15 minutes. Following the PBT wash, the cells were 

equilibrated in PBS. Following the equilibration, 500nM 4′,6-diamidino-2-

phenylindole dihydrochloride (DAPI) (Invitrogen; D1306) was added to the 

wells and incubated for 5 minutes. The slides were washed, dried and mounted 

with the mounting medium as mentioned in section 2.4.1.  

2.4.3 Immunofluorescence Imaging 
 

Slides were imaged using Zeiss Axiovert S100 Inverted Phase Contrast 

Fluorescence Microscope at phase 1 with a 32x air lens. All images were taken 

at 1300x 1030-pixel resolution. The resulting images were then viewed and 

analysed using Fiji (ImageJ) software (Schindelin et al., 2012). 

2.4.4 Software analysis  
 

In order to quantify the intensity of multi-channel immunofluorescence images, 

Fiji (ImageJ) software was employed. To obtain the cell’s total intensity the 

multichannel images were split into mono-channel images (Image>colour>split 

channel). Next, the red channel images were chosen. The staining in these 

channels was more cytoplasmic than nuclear so the Region of Interest (ROI) 
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for individual cells were marked using the freehand tool from the toolbar. The 

intensity of the ROI’s were measured and were corrected for background by 

measuring the intensity for the same area as the ROI in a region without 

staining within the image. Mean Grey Value was chosen as the measure to 

analyse. The final intensity of the ROI was obtained by subtracting the 

background intensity from the actual intensity of the ROI. To analyse the 

fluorescence intensity in the nuclear region of the cells, DAPI channel image 

was selected from the split mono-channel images. “Process > Binary > 

Watershed” function was used to separate cells for better analysis. The 

following measurements were selected; output: mean grey value, area, 

integrated density. Next, the “analyse particles” command was executed with 

the parameters set at: size 50-infinity; pixel units; show outlines; add to ROI 

manager; show results. The resulting image contained outlined and numbered 

nuclei marked as individual regions of interest (ROI). The ROI’s were over 

laid in the corresponding non-binary image and executing the measure 

command gave the fluorescence of the nuclear region of each cell (Taylor 

2022).  Fluorescence in the cytoplasmic region is obtained by subtracting the 

fluorescence of nuclear region from the total fluorescence of the cell (Kelley 

and Paschal 2019). The intensity of 20 cells for each cell line was determined 

in this manner and the average of these cells was obtained. To analyse the 

colocalization coefficients of the multi-channel immunofluorescence images, 

the split mono-channel images either the red or green channel image is 

threshold (Image> Adjust> Threshold) and the ROI is marked. Using the 

coloc2 tool (Analyse> colocalization>coloc2) mask the ROI on the other 

fluorescent channel and analyse. The resulting Pearson’s coefficient gives the 

colocalization coefficient. The values were normalized and plotted using 

GraphPad Prism 9. 
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Table 2.3 Antibodies used in immunofluorescence 

Antibody Primary/Secondary Host Species Dilution  Source  

N45.1  

(8-Oxoguanine) 

Primary Mouse 

(monoclonal) 

1:75 Abcam 

(ab48508) 

YB-1 Primary Rabbit 

(Polyclonal) 

1:100 Cell Signalling 

Technology 

(4202S) 

Alexa-Fluor 

568 Anti-

Mouse 

Secondary Goat 1:100 Life 

Technologies 

(A11031) 

Alexa-Fluor 

488 Anti-

Rabbit 

Secondary Goat 1:500 Life 

Technologies 

(A11034) 

 

2.5 Western Blot 
 

2.5.1 Cell pellet preparation and cell lysis 
 

The cell suspension was centrifuged at 100 x g for 5 minutes. The supernatant 

was discarded, and the cell pellet is resuspended in 1ml 1x PBS and transferred 

to a 1.5ml microfuge tube. The suspension was centrifuged again, and the 

supernatant was completely discarded. The cell pellet was then transferred to 

the -80̊C freezer if not being used immediately. For protein analysis, the cell 

pellets stored at -80̊C were thawed on ice for 5 minutes. The cells pellets were 

re-suspended in 500µl of ice-cold PBS+10% (v/v) Glycerol and 1x EDTA-Free 

Protease Inhibitor Cocktail Set III (MilliporeSigma, 539134-1SET) was added 

and the cell pellets were probe sonicated (Vibra CellTM, Jencons Scientific 

LTD) three times with 10-second interval between each sonication. The entire 

process was carried out on ice. 

2.5.2 Determination of Protein Concentration  
 

To ensure equal loading of protein for each well during sodium dodecyl 

sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) a modified Lowry 

assay was performed. Using a Bio-Rad DC protein assay kit and a standard 
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curve of 0-10µg bovine serum albumin (BSA), the total protein concentration 

of the cell lysates was determined. All the cell lysate samples, and the standard 

curves were analysed in duplicates.  

2.5.3 Protein Sample Preparation  
 

A quantity of 50µg of each protein sample was made up to a standard well 

volume of 30-70µL with PBS and 1x sample loading buffer (50mM Tris-HCl 

pH 6.8, 2% (w/v) SDS, 10% (v/v) glycerol, 0.1% (w/v) bromophenol blue, 

100mM 2-mercaptoethanol). The sample was then heated at 90̊C for 10 

minutes and then cooled down prior to loading.  

2.5.4 SDS-gel preparation  
 

Gels were prepared with respect to the target size of the protein. For 

OGG1(47kDa), MUTYH (55 kDa), GAPDH (36kDa) a 10% gel was chosen. 

The separating gel was prepared first as described in Table 2.4 and pipetted 

into a gel casket set up consisting of 0.75mm plates and was overlaid with 

butanol to remove the air bubbles. Once the gel was set, the butanol was 

removed using filter paper and the stacking gel was prepared (Table 2.4) and 

pipetted over the separation gel. A 0.75mm comb was inserted into the gel. 

Once the gel was set, they were either used directly or stored in a running 

buffer-soaked towel (Table 2.5) and foil at 4̊C for up to one week. 

2.5.5 Electrophoresis 
 

For sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), 

the gel casket was placed inside a tank containing the required volume of 1x 

running buffer. The comb was gently removed and 50µg of the sample 

prepared as mentioned in section 2.5.3 was loaded into each well alongside 3µl 

of molecular weight marker (SeeBlueTM Plus2 Prestained Standard; LC5925). 

The gel was run at 120-150V until the dye front reached the bottom of the 

separating gel. The nitrocellulose membrane (Amershan Biosciences; 

RPN203E) was soaked in 1x transfer buffer (Table 2.5) for 1 minute and the 

gel was then carefully transferred onto it. The nitrocellulose membrane with 

the gel was placed between two filter papers and the assembled blot was placed 
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inside a tank filled with 1x transfer Buffer. The transfer was run at 200mA at 

4̊C for 2 hours. The nitrocellulose membrane after the transfer was stained with 

Ponceau S to allow visualisation of the protein lanes and the marker ladder. 

The membrane was gently washed with the blocking solution made up of 5% 

(w/v) skimmed milk powder (Marvel) and PBS-Tween (0.1% (v/v) Tween-20 

in PBS).  

Table 2.4 Preparation of SDS-gels 

Components Separating Gel Stacking Gel 

ddH2O 8.5ml 7.5ml 

4 x Separating Buffer 4.5ml N/A 

4 x Stacking Buffer  N/A 3ml 

30% Acrylamide  4.5ml 1.2ml 

10% SDS 135µl 90µl 

10% Ammonium 

Persulphate (APS; Sigma) 

270µl 180µl 

N,N,N′,N′-

Tetramethylethylenediamine 

(TEMED; Sigma) 

10µl 7.5µl 
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Table 2.5 Buffers used in Protein Electrophoresis 
Buffer Components Storage 

4x Separating Buffer 

 

1.5M Tris.Cl pH 8.8 

0.4% w/v  SDS 

Room Temperature 

4x Stacking Buffer  

 

0.5M Tris.Cl pH 6.8 

0.4% SDS 

Room Temperature 

10x Running Buffer 

(1000ml) 

250mM Tris base 

1.9M Glycine  

4% SDS 

Room Temperature 

10x Transfer Buffer 

(1000ml) SDS Free 

250mM Tris base 

1.9 M Glycine  

Room Temperature 

1x Transfer Buffer 100mL 10x transfer 

buffer  

200mL Methanol  

700mL ddH2O 

4̊C 

PBS-Tween  1x PBS 

0.1% Tween  

Room Temperature 

 

2.5.7 Detecting Target Proteins  
 

The nitrocellulose membranes were blocked with a 5% blocking solution 

(5%Milk and PBS-Tween) for 1 hour at room temperature on a shaker. The 

blocking solution was discarded at the membrane were left overnight rolling at 

4̊C after the addition of the respective primary antibody which was diluted 

using the blocking solution (Table 2.6). The next day, the membrane was 

washed 3 x 10 minutes with PBS-Tween and the respective secondary 

antibodies were added and the membranes were incubated for 1 hour at room 

temperature. The membranes were then washed 3 x 10 minutes with PBS-

Tween. The membrane was then incubated with enhanced chemiluminescence 

reagent, ECL (Thermo Scientific, SuperSignalTM West Pico PLUS 

Chemiluminescent Substrate; 34580) for 1 minute and then imaged using 

FUJIFILM LAS-3000 mini.  
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Table 2.6 Antibodies used in Western Blot 
Antibody Primary/Secondary Host Species Dilution  Source  

OGG1 Primary Rabbit 

(Polyclonal) 

1:1000 Proteintech 

(15125-1-

AP) 

MUTYH Primary Rabbit 

(Polyclonal) 

1:1000 Invitrogen 

(PA5-

27855) 

GAPDH Primary Rabbit 

(Monoclonal) 

1:1000 Cell 

Signalling 

Technology 

(2118S) 

Anti-

Rabbit 

IgG, HRP 

linked 

Secondary Swine  

(Polyclonal) 

1:2000 Dako 

(P0217) 

 

2.5.8 Band Density Quantification 
 

In order to accurately quantify the band density Fiji (ImageJ) software was 

used. The rectangle tool from the toolbar was used to select the band and with 

the help of the gel option available under the analyse toolbar 

(Analyse>gels>select first lane). The rectangle was then moved over to the 

next band (Analyse>gels>select next lane) and the same steps were repeated 

until all the bands were marked. The intensity histogram of the bands was 

obtained by using plot lanes (Analyse>gels>plot lanes). Using the wand 

(tracing) tool in the toolbar the area of each peak was obtained. In order to 

calculate relative density, the area of each sample peak was divided by the area 

of the appropriate loading control peak. The bar graph was plotted and 

significant differences in relative density were then calculated by ordinary one-

way ANOVA analyses using GraphPad Prism.  
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2.6 Statistical Analysis  
 

All immunofluorescence data and western blot data were obtained from at least 

3 independent passages (n≥3) of the cell lines mentioned in the relevant 

sections above and normal distribution was assumed prior to parametric test.  
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Chapter 3. RESULTS  
 

3.1 Determination of 8-oxoguanine lesion in Group 3 MB’s 

polynucleotides.  
 

As discussed in section 1.5, Taylor (2022) in her work saw a lot of unexpected 

peaks caused by 8-oxoguanine lesions in the input sample during ChIP 

sequencing analysis. The only commercially available antibody (N45.1) 

recognizes 8-oxoguanine in both DNA and RNA. Group 3 MB parental cell 

line (HD-MB03) and the corresponding cisplatin-tolerant i.e.,drug-tolerant (DT-

HD-MB03-CIS) cell line and vehicle-treated (HD-MB03-DMF) cell lines were 

used to determine if the 8-oxogunaine lesions were naturally occurring or 

artefactually caused by employing immunofluorescence.  

As shown in Figure 3.1A, 8-oxoguanine lesions were seen occurring under 

conditions of normal cell culture across all the 3 cell lines. Automated 

immunofluorescence analysis revealed that the level of 8-oxoguanine lesions in 

HD-MB03 cell lines was significantly higher when compared to DT-HD-

MB03-CIS and DT-HD-MB03-DMF cell lines with interestingly DT-HD-

MB03-DMF having the lowest level of 8-oxoguanine lesions as shown in 

Figure 3.1B.  

To further confirm the results of the automated analysis, images were also 

manually double scored by blinded investigators. These results correlated well 

with the results obtained from the automated scoring of the fluorescence 

intensities. The HD-MB03 cell lines had the highest level of overall 8-

oxoguanine staining intensity with 68% of the cells being scored as high 

positive and DT-HD-MB03-DMF exhibited the lowest level of 8-oxoguanine 

staining intensity with 70% of the cells being scored as low positive shown in 

Figure 3.2 

From section 1.4.3 we know that 8-oxoguanine detected in the DNA is repaired 

by OGG1 and MUTYH and YB-1 is said to have the capability to bind 

specifically to RNA containing 8-oxoguanine and is assumed to block the 

mistranslation of the modified mRNA by recognizing them (Hayakawa et al., 

2002; Eliseeva et al., 2011). Since the parental cell line (HD-MB-03) had the 
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highest 8-oxoguanine staining intensity when compared to its corresponding 

cisplatin-tolerant (DT-HD-MB03-CIS) cell line and vehicle-treated (HD-

MB03-DMF) cell lines, it essential to determine the expression levels of the 

known repair mechanism of 8-oxoguanine in publically available datasets.  
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Figure 3.1 Automated analysis of 8-oxoguanine lesion in Group 3 MB 

A) Immunofluorescence was employed to determine the presence of 8-oxoguanine lesions in Group 3 MB parental cell lines (HD-MB03), cisplatin-tolerant i.e., drug-tolerant 

(DT-HD-MB03-CIS) cell lines and vehicle-treated (HD-MB03-DMF) cell lines. Cells were fixed and immunostained for 8-oxoguanine (red) with DAPI (blue) used to 

identify the cell nuclei. Imaging was done using Zeiss Axiovert S100 Inverted Phase Contrast Fluorescence Microscope at phase 1 with a 32x air lens. 8-oxoguanine lesions 

were found predominantly in the cytoplasm compared to the nucleus. Images shown are representatives for n = 3 and all the scale bars represent 10µm. B) The immunostained 

cells were analysed automatically by using Fiji (ImageJ) software. The score of the individual cells was averaged and normalised with respect to HD-MB03. Average of the 

normalized 8-oxoguanine mean intensity of n=3. Mean ± SEM plotted; **P <0.01 ****P < 0.0001. Significance was assessed by ordinary one-way ANOVA analyses with 

Tukey’s multiple comparisons test. 
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Figure 3.2 Manual analysis of 8-oxoguanine lesion in Group 3 MB 

A) Majority of the HD-MB03 cell lines displayed high positive 8-oxoguanine staining 68% (n=79). B) The DT-HD-MB03-CIS cell lines exhibited intermediate levels of 8-

oxoguanine staining (n=57) C) Majority of the DT-HD-MB03-CIS cell lines exhibited more low positive 8-oxoguanine staining 70% (n=79). D) Magnified representative 

images of high positive, low positive and negative scoring. 
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3.2 Analysis of 8-oxoguanine repair mechanisms across 

publically available datasets 
 

3.2.1 Determining the expression of OGG1, MUTYH and YBX1 

genes in medulloblastoma and the normal cerebellum. 
 

OGG1 (encoded by the OGG1 gene on chromosome 3p25.3), MUTYH 

(encoded by the MUYTH gene on chromosome 1p34.1) and YB-1 (encoded by 

the YBX1 gene on chromosome 1p34.2) and their involvement with 8-

oxoguanine in medulloblastoma have not been extensively studied. From 

section 3.1 we know that 8-oxoguanine is naturally present in Group 3 MB’s so 

next we wanted to assess the expression levels of its proposed repair 

mechanisms. From section 1.4.3 we know OGG1 and MUTYH are involved in 

the repair of 8-oxoguanine incorporated in the DNA and Hayakawa et al., in 

their work showed that YB-1 has the ability to bind specifically to RNA 

containing 8-oxoguanine and is assumed that by recognizing the modified 

mRNA, YB-1 is capable of blocking its translation (Hayakawa et al., 2002; 

Eliseeva et al., 2011). So YBX1 the gene coding for YB-1 has also been 

analysed in this section. In order to assess this first the expression levels of 

OGG1, MUTYH and YBX1 across large-scale publicly available 

medulloblastoma patient datasets were analysed. 

The R2: Genomics Analysis and Visualisation Platform (http://r2.amc.nl) was 

used to assess the expression levels of OGG1, MUTYH and YBX1 between 

normal cerebellum and the molecular subgroups of medulloblastoma (Roth et 

al., 2006, Northcott et al., 2017). There was no significant difference in the 

expression levels of OGG1 across WNT, SHH, Group 3 and Group 4 

subgroups of medulloblastoma compared to the normal cerebellum (Figure 

3.3A). The expression level of MUTYH is lower in all the medulloblastoma 

subgroups compared to the normal cerebellum. (Figure 3.3B). One way 

ANOVA analysis using Dunnett’s multiple comparison test confirmed that 

Group 3 (***P<0.0001) had the lowest expression levels followed by Group 4 

(***P=0.0003) and SHH (*P=0.0180), there was no significant difference seen 

in the expression level of MUTYH between the WNT subgroup and the normal 

cerebellum. Whereas YBX1 expression was found to be significantly elevated 

http://r2.amc.nl/
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across all molecular subgroups of medulloblastoma when compared with 

normal cerebellum (****P<0.0001) (Figure 3.3C). 
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Figure 3.3 Expression levels of OGG1, MUTYH and YBX1 between normal cerebellum and the molecular subgroups of 

medulloblastoma 

R2 Genomic Analysis was utilised to analyse differences in OGG1, MUTYH and YBX1 expression in medulloblastoma A) OGG1 expression levels exhibit no significant 

difference between the molecular subgroups of medulloblastoma (Pfister dataset, n = 223) and the normal cerebellum (Roth dataset, n = 9). B) MUTYH expression is lower in 

all four medulloblastoma subgroups when compared to the normal cerebellum ****P < 0.0001. C) YBX1 expression is elevated in all four medulloblastoma subgroups    

****P < 0.0001. Normal cerebellum (Roth dataset) n = 9; Group 3 n = 56, Group 4 n = 91, SHH n = 59 WNT n = 17 (Pfister dataset). Significance was assessed by one-way 

ANOVA with Dunnett’s multiple comparison test
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3.2.2 Correlation of OGG1, MUTYH and YBX1 gene expression 

with the overall survival of Medulloblastoma patients  
 

OGG1, MUTYH and YBX1 gene expressions were correlated with the overall 

survival of the medulloblastoma patients using the Cavalli dataset, obtained 

from R2: Genomics Analysis and Visualization Platform (http://r2.amc.nl) , 

The Cavalli dataset has 763 patient samples (of which 612 have survival data, 

(Cavalli et al., 2017), and this was utilised to generate Kaplan-Meier survival 

curves using the ‘Kaplan Scan’ feature available in the R2 platform. This 

feature ranks patients from the lowest gene-expressing patient to the highest 

gene-expressing patient. Based on low vs high gene expression the patients are 

divided into as many binary group comparisons (i.e. high vs low) as possible. 

The negative log of the p-values is plotted for all these comparisons and the 

highest peak is chosen as the most significant cut-off point. Patient overall 

survival was assessed using the Cavalli patient dataset over a 120-month 

follow-up period for all molecular subgroups combined and individually.  

Though the significance obtained from the raw p values and Bonferroni values 

differ, raw p values suggest that in all the subgroups combined, patients with 

higher expression of OGG1 and MUTYH had the worse survival outcome 

(based on the raw p values) (Figure 3.4 and Figure 3.5) whereas, in the case of 

YBX1, lower expression of the gene resulted in the worse survival outcome 

(Figure 3.6). Further division of patient data by their molecular subgroups 

showed that Group 3 patients having a lower expression of MUTYH and YBX1 

gene expression had the worst survival outcome.  

Out of all the subgroups of medulloblastoma Group 3 MBs are usually 

associated with poor prognosis and the 8-oxoguanine lesion picked up in 

Taylor 2022 ChIP-sequencing data were also from Group 3 medulloblastomas 

(Taylor 2022). Data from section 3.1 also confirm the presence of 8-

oxoguanine in Group 3 medulloblastomas so further studies in this work will 

be focused on Group 3 medulloblastomas, how the repair mechanisms of 8-

oxoguanine are expressed in Group 3 medulloblastoma cell lines and the drug 

tolerant cell lines.   

http://r2.amc.nl/
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Figure 3.4 Kaplan Meier survival curves of the overall survival probability for high or low OGG1 gene expression in medulloblastoma 

patients 

Kaplan Meier survival curves of the overall survival probability over a 120-month follow-up period based on high or low OGG1 gene expression. Overall survival probability 

for all molecular subgroups A) All Subgroups B) Group 3 C) Group 4 D) SHH E) WNT were assessed using the Cavalli dataset.
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Figure 3.5 Kaplan Meier survival curves of the overall survival probability for high or low MUTYH gene expression in medulloblastoma 

patients 

Kaplan Meier survival curves of the overall survival probability over a 120-month follow-up period based on high or low MUTYH gene expression. Overall survival 

probability for all molecular subgroups A) All Subgroups B) Group 3 C) Group 4 D) SHH E) WNT were assessed using the Cavalli dataset. 
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Figure 3.6 Kaplan Meier survival curves of the overall survival probability for high or low YBX1 gene expression in medulloblastoma 

patients 

Kaplan Meier survival curves of the overall survival probability over a 120-month follow-up period based on high or low YBX1 gene expression. Overall survival probability 

for all molecular subgroups A) All Subgroups B) Group 3 C) Group 4 D) SHH E) WNT were assessed using the Cavalli dataset. 
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3.3   Analysis of OGG1 and MUTYH expression in Group 

3 medulloblastoma cell lines 
 

The data obtained from R2 genomic analysis (section 3.2) showed that OGG1 

and MUTYH are expressed in group 3 medulloblastomas. From section 3.1 we 

know that 8-oxoguanine is naturally occurring in group 3 medulloblastomas 

but the level of 8-oxoguanine differed between the parental and drug-

tolerant/vehicle cell lines. Does this mean that the repair mechanisms for 8-

oxoguanine are differentially expressed across the parental and drug-

tolerant/vehicle cell lines?  This was investigated by performing western blot 

analysis across the parental and drug-tolerant/vehicle cell lines to determine the 

protein level expression of OGG1 and MUTYH.  

Analysis of expression of OGG1 and MUTYH at a protein level in HD-MB03, 

DT-HD-MB03-CIS and DT-HD-MB03-DMF showed that OGG1 and 

MUTYH were expressed across all three cell lines and there was no significant 

difference in their expression levels across all the three cell lines (Figure 3.7A-

D). The analysis of the expression level of YB-1 across all the three cell lines 

was not completed due to antibody related technical difficulties but Taylor 

2022 had determined the expression levels of YB-1 across HD-MB03, DT-HD-

MB03-CIS and DT-HD-MB03-DMF through immunofluorescence and it saw 

no significant differences in the expression levels between them.  
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Figure 3.7 OGG1 and MUTYH expression in Group 3 MB cell lines 

A) and C) A representative western blot for total OGG1 expression (n=6) and MUTYH (n=3) 

respectively. GAPDH served as a house-keeping protein. B) and D) Protein expression was 

quantified using Fiji imaging software and calculated relative to GAPDH to analyse OGG1 and 

MUTYH expression in all the three cell lines. Mean ± SEM plotted. No significant difference 

was seen in the expression of OGG1 and MUTYH across all three cell lines. Significance was 

assessed by ordinary one-way ANOVA analysis. 
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3.4 Determination of 8-oxoguanine levels in the presence 

and reduction of their repair mechanisms 
 

3.4.1 Optimisation of an inhibitor of OGG1  
 

From section 1.4.3 we know that OGG1 excises the 8-oxoguanine that gets 

paired opposite cytosine in the DNA and from sections 3.2 and 3.3 we know 

that OGG1 is expressed in group 3 medulloblastomas.  We next wanted to see 

if 8-oxoguanine levels were senstive to OGG1 modulation. Visnes et al. 

developed a small molecule inhibitor TH5487 which is a selective active-site 

inhibitor of OGG1. TH5487 hinders the binding of OGG1 to and repair of 8-

oxoguanine (Visnes et al., 2018). In order to employ this, it was first necessary 

to determined concentration of the drug that is without toxicity to the cells. 

The appropriate TH5487 concentration with which to treat each cell line was 

determined using the PrestoBlue cell viability assay. Group 3 medulloblastoma 

parental cell line (HD-MB03), the YBX1 Knockdown cell line of group 3 

medulloblastoma cell line HD-MB03 (KD-HD-MB03) and its respective 

vehicle cell line (NS-HD-MB03) were treated with different concentrations of 

TH5487 as mentioned in section 2.3 for 24hrs, 48hrs and 72hrs. Analysis of the 

resultant data showed that the highest concentration of TH5487 (50µM) 

showed some toxicity towards certain cell lines (the YBX1 Knockdown cell line 

and its respective vehicle cell line which are the green and black symbols on 

the graphs respectively) (Figure 3.8) therefore 20µM TH5487 was chosen as 

the optimum drug concentration for further experiments similar to other works 

(Visnes et al., 2018).
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Figure 3.8 TH5487 cytotoxicity in HD-MB03, KD-HD-MB03 and NS-HD-MB03 

HD-MB03, KD-HD-MB03 and NS-HD-MB03 cell lines were treated with indicated concentrations of TH5487 for A)24hrs, B)48hrs and   C)72hrs respectively and the cell 

viability was assessed using the PrestoBlue cell viability assays. Only the highest concentration of TH5487 showed some toxicity to the cells. Mean ± SEM; Log2 graphs for 

duplicates plotted; n=1.
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3.4.2 OGG1 inhibition and YB-1 depletion result in elevated 8-

oxoguanine levels 
 

Hiroshi et al., showed that YB-1 binds specifically to 8-oxoguanine containing 

RNA and is assumed to prevent its mistranslation (Hiroshi et al 2002; Eliseeva 

et al., 2011) so we wanted to check if YB-1 has a role in the regulation of 8-

oxoguanine lesions in the nuclear and cytoplasmic regions by employing 

immunofluorescence, using previously established YB-1 knockdown cell lines 

(Taylor, 2023). Additionally, having identified a non-cytotoxic concentration 

of TH5487 (section 3.4.1) we were also able to investigate the impact of OGG1 

inhibition on 8-oxoguanine levels in the cytoplasmic and nuclear regions of 

group 3 medulloblastoma cell lines through immunofluorescence. Images 

obtained showed a visible increase in the 8-oxoguanine levels in the YB-1 

knockdown cell line KD-HD-MB03 compared to the parental cell line HD-

MB03 with the 8-oxoguanine staining being much higher in the cytoplasmic 

region compared the nuclear region. Additionally, it was observed that Figure 

3.99. Through the automated analysis of the immunofluorescence images, we 

quantified the significant elevation in 8-oxoguanine lesion levels in the 

cytoplasmic and nuclear region s in the YB-1 knockdown cell lines compared 

to its parental cell lines suggesting that YB-1 has a role in the regulation of 8-

oxoguanine (Hayakawa et al., 2002; Eliseeva et al., 2011). In the case of OGG1 

inhibition, a significant increase in the 8-oxoguanine lesion is seen in the 

nuclear region compared to the parental cell lines but no significant change is 

seen in the cytoplasmic region correlating with section 1.4.3 that OGG1 is 

involved in repairing 8-oxoguanine in the DNA (Figure 3.10 A and B). 

.  
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Figure 3.9 8-oxoguanine lesion levels change in YB-1 Knockdown cell lines 

and parental cell lines under conditions of OGG1 inhibition  

Immunofluorescence was employed to determine the presence of 8-oxoguanine lesions in 

Group 3 MB cell lines. Cells were fixed and immunostained for 8-oxoguanine (red) with DAPI 

(blue) used to identify the cell nuclei. The individual reduction in OGG1 and YB-1 increased 

the 8-oxoguanine lesion intensity levels. Representative images are shown; n=3, all the scale 

bars represent 10µm.  
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Figure 3.10 Automated analysis of 8-oxoguanine lesion levels in the 

cytoplasm and nucleus of YB-1 knockdown cell lines and parental cell 

lines under conditions of OGG1 inhibition 

The immunostained cells were analysed automatically by using Fiji (ImageJ) software. The 

score of the individual cells was averaged and normalised with respect to HD-MB03. Total 

number of cells analysed for n=3 is 180, with 60 cells being analysed in each independent 

experiment. A) Automated quantification of the images revealed that the cytoplasmic staining 

intensity of 8-oxoguanine significantly increased in the KD-HD-MB03 cell line compared to 

the parental HD-MB03 cell line ****P < 0.0001; whereas no significant difference was seen in 

the case of OGG1 inhibition. B) Automated quantification of the images revealed that the 

nuclear staining intensity of 8-oxoguanine significantly increased in both TH5487 treated cell 

lines (**P = 0.0016) as well as KD-HD-MB03 cell lines (****P < 0.0001) compared to the 

parental HD-MB03 cell line. Mean ± SEM plotted; n=3; total number of cells 

analysed=180.Significance was assessed by ordinary one-way ANOVA analyses using 

Tukey’s multiple comparisons test  
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3.4.3 Overall effect of the reduction of OGG1 and YB-1 on the 8-

oxoguanine lesion levels  
 

We know that YB-1 and OGG1 (section 3.4.2) 8-oxoguanine have a role in 

regulating 8-oxoguanine individually. We wanted to investigate the impact of 

OGG1 inhibition on 8-oxoguanine levels in the absence of YB-1 (KD-KD-

MB03) by employing immunofluorescence. As shown in Figure 3.11 and 

Figure 3.12 the overall levels of 8-oxoguanine lesions significantly increased 

under individual conditions of either OGG1 inhibition or YB-1 knockdown but 

the combination of both (i.e. TH5487 treatment of knockdown cell lines) had a 

modest but statistically insignificant effect on 8-oxoguanine levels when 

compared to the 8-oxoguanine levels in the knockdown cell lines suggesting 

that YB-1 and OGG1 could have a coordinated response. To check if YB-1 

directly regulates OGG1, Taylor 2022’s RNAseq data of the YB-1 knockdown 

cell lines was analysed, and it suggests that OGG1 was not a direct target of 

YB-1 regulation. Though 8-oxoguanine levels are regulated by OGG1 and YB-

1, in the parental untreated HD-MB03 cells still measurable levels of 8-

oxoguanine are present indicating that despite these repair mechanisms being 

active there is still the presence of this lesion.  
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Figure 3.11 Analysis of 8-oxoguanine lesion in the absence of its repair mechanisms 

Immunofluorescence was employed to determine the presence of 8-oxoguanine lesions in Group 3 MB cell lines. Cells were fixed and immunostained for 8-oxoguanine (red) 

with DAPI (blue) used to identify the cell nuclei. The level of 8-oxoguanine lesions increased in OGG1 inhibited cell lines and YB-1 knockdown cell lines. Representative 

images shown; n=3; all the scale bars represent 10µm
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Figure 3.12 Automated analysis of 8-oxoguanine lesions 

The immunostained cells were analysed automatically by using Fiji (ImageJ) software. The 

score of the individual cells was averaged and normalised with respect to HD-MB03. Mean ± 

SEM plotted; n=3; Overall P value is **P < 0.0001. Significance was assessed by ordinary 

one-way ANOVA analyses using Tukey’s multiple comparisons test.  
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3.5 Determination of the role of YB-1 and 8-oxoguanine in 

metastasis  
 

Taylor 2022 showed that knocking down YB-1in group 3 MB cell lines 

significantly reduced the cell’s invasive ability in the modified Boyden 

chamber (Taylor 2022), similarly several studies have shown that YB-1 plays a 

role in the metastasis of various tumours. Lin et al., in their study, showed 8-

oxoG lesions to be associated with lymphatic metastasis of cervical carcinoma 

(Lin et al., 2022). We, therefore, wanted to see if there was any difference in 8-

oxoguanine and YB-1 expression and colocalization between matched pairs of 

cell lines arising from primary and corresponding metastatic tumours.  

The colocalization of YB-1 and 8-oxoguanine between Group 3 MB’s primary 

tumour cell line D425 and its corresponding metastatic cell line D458 (Table 

2.2) was analysed by immunofluorescence dual staining (section 2.4.2). As 

shown in Figure 3.13 the green fluorescence of YB-1 and the red fluorescence 

of 8-oxoguanine were seen overlapping both in the primary tumour cell line 

(D425) as well as in its corresponding metastatic cell line (D458) suggesting 

the possibility of colocalization. Colocalization doesn’t suggest direct 

interaction, in this case it could be supportive of the interaction because in 

section 3.4 we see that YB-1 has a role in regulating 8-oxoguanine. 

Quantification of this data reveals elevated chances of colocalization of YB-1 

and 8-oxoguanine in the primary D425 cell line compared to the D458 

metastatic cell line; this was in the absence of any difference in the relative 

levels of 8-oxoguanine and YB-1 individually between D425 and D458 cell 

lines. This suggests that YB-1 could be interacting with something else other 

than 8-oxoguanine in the D458’s (Figure 3.14).  

Though the data may suggest colocalization, but due to the limitations of using 

a low resolution, standard fluorescence microscope further experiments need to 

be conducted. Imaging using a super-resolution microscope can provide better 

evidence of colocalization or single-molecule Förster Resonance Energy 

Transfer (smFRET) can be employed to study the interaction between YB-1 

and 8-oxoguanine.  Additionally, the colocalization analysis was performed 
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here on a whole cell basis, an additional nuclear mask will be needed to 

differentiate between cytoplasmic and nuclear staining. 
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Figure 3.13 Colocalization of YB-1 and 8-oxoguanine in Group 3 MB primary tumour cell line D425 AND D458 

Immunofluorescence was employed to determine the colocalization of 8-oxoguanine and YB-1 lesions in Group 3 MB primary tumour cell lines and their corresponding 

metastatic cell lines. Cells were fixed and immunostained for 8-oxoguanine (red) and YB-1 (green). Representative images shown; three independent passages (n=3); number 

of cells analysed in each experiment, for each cell line=20, so the total number of cells analysed for n=3 for each cell line=60 cells; all the scale bars represent 10µm.  
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Figure 3.14 Automated analysis of YB-1 and 8-O-G colocalization in D425 

and D458  

The immunostained cells were analysed automatically by using Fiji (ImageJ) software. Total 

number of cells analysed for n=3 is 180, with 60 cells being analysed in each independent 

experiment. Pearson’s coefficient of the cells was determined using the “coloc2” tool. 

Pearson’s coefficient varies from +1 for perfect correlation to 0 for no correlation to -1 for 

perfect anti-correlation Mean ± SEM plotted; n=3. A) Average of the Pearson’s coefficient of 

n=3 of D425 and D458. Mean ± SEM plotted; *P =0.0366. Significance was assessed by 

unpaired t-test. B) & C) The fluorescence intensity of the individual cells was averaged and 

normalised with respect to D425. No significant difference was seen in the levels of YB-1 and 

8-oxoguanine in the D425 and D458 cell lines. Mean ± SEM plotted; n=3. 
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4. DISCUSSION  
 

Taylor 2022 worked on characterising the role of multi-functional oncoprotein 

YB-1 in medulloblastomas. While trying to determine the transcriptional 

targets regulated by YB-1 under acute and chronic treatment of 

chemotherapeutic drugs cisplatin and vincristine in Group 3 MBs by 

performing ChIP Sequencing she got unexpected peak enrichment in her input 

samples caused by 8-oxoguanine. The aim of this work began with 

determining the cause of 8-oxoguanine lesions.  

4.1 Summary of the results 
 

8-oxoguanine is the most abundant oxidative lesion and 8-oxoguanine 

accumulation can cause mutations and is believed to be a major cause of 

cancer (Li et al., 2022; Nakabeppu 2014). The 8-oxoguanine peaks in Taylor’s 

work could have either occurred artefactually while preparing the samples for 

ChIP-sequencing (Costello et al., 2013) or could have been naturally present in 

Group 3 medulloblastoma cell lines as the brain is more susceptible to 

oxidative stress due to its high oxygen consumption (Van den Boogaard et al., 

2020; Salim 2016). Thus, the first aim of the work was to determine if the 8-

oxoguanine lesions detected during ChIP sequencing was natural or 

artefactual; by conducting immunofluorescence assays across Group 3 MB cell 

lines (HD-MB03) and its corresponding drug-tolerant and vehicle cell lines 

(DT-HD-MB03-CIS and DT-HD-MB03-DMF) I was able to demonstrate that 

8-oxoguanine lesions are naturally occurring in Group 3 MB’s, therefore the 

ChIP sequencing data was unlikely to be artefactual. The parental cell line HD-

MB03 exhibited the highest 8-oxoguanine lesion compared to its 

corresponding drug-tolerant and vehicle cell lines. 

These 8-oxoguanine lesions in the DNA are repaired through the base excision 

repair (BER) pathway where OGG1 excises the 8-oxoguanine paired with 

cytosine and MUTYH excises the adenine paired opposite 8-oxoguanine 

(Figure 1.7) and 8-oxoguanine lesions in the RNA are assumed to be repaired 

by YB-1 (section 1.4.3) and this thesis contributed evidence for YB-1 

recognising and regulating 8-oxoguanine.  
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The expression levels of OGG1 and MUTYH were determined across HD-

MB03, DT-HD-MB03-CIS and DT-HD-MB03-DMF cell lines to check if the 

difference in the 8-oxoguanine lesion levels between these three cell lines was 

caused by the difference in the expression of the repair mechanisms but there 

was no significant difference in the expression of OGG1 and MUTYH across 

the three cell lines. No significant differences in the expression levels of YB-1 

across these three cell lines were seen in Taylor 2022’s work. Though the 

cause for the drop in the 8-oxoguanine levels in the vehicle cell line remains 

unclear but a study conducted in 2018 by Zhao and Wen showed that DMF had 

the ability to inhibit oxidative stress by activating the Nrf2 signalling pathway 

suggesting that this could have been a contributing factor for the decrease in 

oxidative damage of the guanine base in the vehicle cell line (Zhao and Wen 

2018)  

With the group 3 parental cell line (HD-MB03) having the highest 8-

oxoguanine lesion levels and also exhibiting YB-1 and OGG1 expression, the 

next step was to determine if YB-1 had played a role in regulating 8-

oxoguanine levels in group 3 MB’s if so could the reduction of YB-1 and 

inhibition of OGG1 have an influence on the 8-oxoguanine levels. Conducting 

immunofluorescence assays revealed that knocking down YB-1 (KD-HD-

MB03) and inhibiting OGG1 (HD-MB03+TH5487) individually increased the 

8-oxoguanine lesion levels significantly both in the cytoplasm and nucleus but 

in case of TH5487 (OGG1 inhibitor) treated YB-1 knockdown cell lines (KD-

HD-MB03+TH5487) the combination of both has a moderate effect on 8-

oxoguanine levels which is statistically insignificant when compared to the 8-

oxoguanine levels of the untreated knockdown cell lines (KD-HD-MB03) 

suggesting that YB-1 and OGG1 could have a coordinated response but 

through Taylor 2022’s RNASeq data of YB-1 knockdown cell lines we know 

that OGG1 is not a direct target of YB-1. Despite YB-1 and OGG1 regulating 

the 8-oxoguanine levels, detectable levels of 8-oxoguanine lesions are still 

present in the parental cell lines.  

YB-1 and 8-oxoguanine have been individually reported to be involved in the 

metastasis of other cancers and with YB-1 regulating the expression levels of 

8-oxoguanine, their colocalization in primary tumour and its corresponding 
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metastatic tumour analysis was attempted. Fluorescence of YB-1 and 8-

oxoguanine were seen overlapping in Group 3 MB’s primary tumour cell line 

and its corresponding metastatic cell line and their quantification suggest that 

there is a probability of colocalization of YB-1 and 8-oxoguanine. Imaging 

using a super-resolution microscope would provide better evidence of 

colocalization, similarly single-molecule Förster Resonance Energy Transfer 

(smFRET) can be employed to study the interaction between YB-1 and 8-

oxoguanine. Determining the interaction of YB-1 and 8-oxoguanine in Group 

3 MB’s primary tumour cell line and its corresponding metastatic cell line 

could help determine if YB-1 and 8-oxoguanine have a combined role in 

initiating metastasis. 8-oxoguanine and YB-1’s combined role is least explored 

in paediatric medulloblastoma. Conducting further experiments to determine 

their combined role in metastasis could open a new target for therapy (Figure 

4.1). 
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Figure 4.1 Graphical summary of this work 

8-oxoguanine detection in group 3 MB’s followed by analysing the expression levels of its repair mechanisms in the DNA and determining if YB-1 regulates 8-oxoguanine 

MB = medulloblastoma. Generated using Biorender (Taylor 2022; Li et al 2022).
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4.2 Ideas for future work 
 

Future Perspective  

The role of 8-oxoguanine lesions, the most commonly oxidized base of the 

DNA, RNA and nucleotide pool as well as in the mitochondrial DNA least 

explored in the case of medulloblastomas (Li et al., 2022; J.Y. Hahm et al., 

2022; Torres-Gonzalez et al., 2014). This makes it a potential gold mine for 

research. Mitochondria consumes approximately 2% of the oxygen which is 

reduced to form superoxide, hence they are considered to be the main site of 

ROS production (Li et al., 2022). Lack of protective histones makes 

mitochondrial DNA more susceptible to oxidative damage (Bodenstein et al., 

2019) The nucleotide pool and the RNA are also susceptible to oxidative stress 

and exploring them would help understand the involvement of 8-oxoguanine in 

medulloblastoma ((Li et al., 2022; J.Y. Hahm et al., 2022). 8-oxoguanine and 

YB-1’s could have a combined effective on the metastasis of medulloblastoma 

future works analysing 8-oxoguanine levels in the nucletotide pool, RNA and 

mitochondrial DNA along with YB-1 would open a potentially new target for 

therapy. 

YB-1 and 8-oxoguanine  

From section 3.4 in this work, we see that 8-oxoguanine lesion levels change 

with the presence and absence of YB-1 meaning YB-1 is likely involved in the 

regulation of 8-oxoguanine. Conducting further immunofluorescence assays on 

HD-MB03 (parental cell lines), and KD-HD-MB03 (YB-1 knockdown cell 

lines) under normal conditions, after inducing oxidative stress on the parental 

and knockdown cell lines using KBrO3 (Visnes et al., 2018) and treating the 

parental and knockdown cell lines them with antioxidants and comparing the 

changes in the levels of 8-oxoguanine and YB-1 under different conditions will 

help understand better the involvement of YB-1 in the regulation of 8-

oxoguanine. Further conducting smFRET assay would help us determine YB-1 

and 8-oxoguanine interaction.  

Section 3.5 in this work shows that though no significant difference in the 

individual levels of YB-1 and 8-oxoguanine was seen in the primary tumour 
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cell lines than its corresponding metastatic cell lines, the chances of 

colocalization of 8-oxoguanine and YB-1 is higher in the primary tumour cell 

lines than its corresponding metastatic cell lines. This could suggest that YB-1 

being a multifunctional protein is interacting with something else other than 8-

oxoguanine in the metastatic cell line. Analysing the colocalization and the 

levels of YB-1 and 8-oxoguanine in group 3 and group 4 primary tumour cell 

lines and their corresponding metastatic cell lines using super resolution 

microscope would help us understand this better.  

To check if this colocalization has any role in initiating metastasis a modified 

Boyden chamber assay can be performed. Taylor 2022 conducted a modified 

Boyden chamber assay to determine if YB-1 was involved in the invasion of 

group 3 medulloblastoma using the parental cell line and the corresponding 

YB-1 knockdown cell line (Taylor 2022). In a similar fashion to check this 

hypothesis, a modified Boyden chamber assay can be performed using the 

parental cell lines (primary tumour cell line), YB-1 knockdown cell lines 

(knocking down YB-1 in primary tumour cell lines) under normal conditions, 

with the parental tumour and knockdown cell lines subjected to KBrO3 (to 

induce oxidative stress) and antioxidant treated parental and knockdown cell 

lines. This would help us understand the combined and individual roles of YB-

1 and 8-oxoguanine in metastasis.  

NUDT Hydrolases and 8-oxoguanine 

NUDT hydrolases or the NUDIX hydrolases are enzymes that carry out 

hydrolysis reactions and the human genome codes for at least 24 NUDT 

hydrolases. NUDT enzymes help clean the cell from deleterious metabolites, 

such as oxidized nucleotides in the nucleotide pool thereby preventing their 

incorporation into the DNA and ensuring proper cell homeostasis. Despite 

years of study, several members of the NUDT hydrolase family are completely 

uncharacterized (Carreras-Puigvert et al., 2017; Wang et al., 2017). Out of all 

the members of the NUDT family that have been studied so far, NUDT1, 

NUDT15 and NUDT18 are said to be involved in the hydrolysis of oxidized 

nucleoside triphosphates thereby preventing the mispairing during DNA 
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replication whereas NUDT5 hydrolases are to be involved in the hydrolysis of 

oxidized nucleoside diphosphates (https://www.genecards.org/).    

As a prelude to experimental work on the NUDTs, the expression of NUDT1, 

NUDT15 and NUDT5 was shown to be significantly elevated across all the 

molecular subgroups of medulloblastoma whereas the expression levels of 

NUDT18 were significantly lower in medulloblastoma when compared to 

normal cerebellum (Roth et al., 2006, Northcott et al., 2017) (Figure 4.2). The 

overall survival of medulloblastoma patients with higher expression of NUDT1 

is worse (Figure 4.3).  

Group 3 medulloblastomas have a poor prognosis amongst all the molecular 

subgroups of medulloblastoma. From section 3.1 we know that 8-oxoguanine 

lesions are naturally occurring in group 3 MB subgroup and from section 1.4.3 

we know that NUDT1 is involved in the repair of 8-oxo-dGTP by converting 

them to 8-oxo-dGMP thereby preventing the incorporation of oxidized 

nucleoside triphosphates into the DNA.  It has been proposed that 

tumorigenesis could be highly correlated with the accumulation of mutations 

and 8-oxoguanine accumulation may increase the risk of spontaneous 

mutagenesis, resulting in the malignant transformation of cells (Li et al., 2022). 

Tsuzuki Tet al showed that NUDT1 deficiency increased the spontaneous 

mutagenesis frequency by 2-fold in mice models compared to their wild type 

(Tsuzuki et al., 2001). NUDT1 is said to protect the brain from 

neurodegenerative diseases associated with oxidative stress (Li et al., 2022) 

and any defect in the NUDT1 would increase the susceptibility of the brain to 

oxidative stress thereby it could lead to 8-oxo-dGTP accumulation.  

Van den Boogard et al., saw a high frequency of somatic cytosine > adenine (C 

> A) substitutions during the whole-genome sequencing of primary 

neuroblastoma tumours which was associated with poor survival. They showed 

that increased levels of C > A substitutions correlated with copy number loss 

(CNL) of OGG1 or MUTYH and this was established using tumour organoid 

models with CNL of OGG1 or MUTYH and by employing CRISPR-Cas9 

genome editing to create knockout clones of MUTYH and OGG1 in 

neuroblastoma cells and performing whole-genome sequencing to determine 

https://www.genecards.org/
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the C>A substitutions (Van den Boogaard et al., 2020). A strategy similar to 

van den Boogard et al. can be employed to check if there is a defect in NUDT1 

levels that led to the accumulation of 8-oxoguanine lesions in Group 3 

medulloblastoma despite the other repair mechanisms being active, leading to 

C>A substitutions causing spontaneous mutagenesis thereby correlating to the 

poor prognosis of this subgroup. 
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Figure 4.2 Expression levels of NUDT1, NUDT15, NUDT18 and NUDT5 between normal cerebellum and the molecular subgroups of 

medulloblastoma 

R2 Genomic Analysis was utilised to analyse differences in NUDT1, NUDT15, NUDT18 and NUDT5 expression in medulloblastoma A) NUDT1 expression levels are 

elevated in the molecular subgroups of medulloblastoma (Pfister dataset, n = 223) compared to the normal cerebellum (Roth dataset, n = 9) and the difference is significant 

****P <0.0001. B) NUDT15 expression is also elevated across all four medulloblastoma subgroups when compared to the normal cerebellum ****P < 0.0001. C) NUDT18 

expression is lower in all four medulloblastoma subgroups and is significantly different in Group 3 and Group 4 MB’s compared to the normal cerebellum **P =0.0045. D) 

NUDT5 expression is also elevated across all four medulloblastoma subgroups when compared to the normal cerebellum ****P < 0.0001. Normal cerebellum (Roth dataset) 

n=9; Group 3 n=56, Group 4 n=91, SHH n=59, WNT n=17 (Pfister dataset). Significance was assessed by one-way ANOVA with Tukey's multiple comparisons test.
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Figure 4.3 Kaplan Meier survival curves of the overall survival probability for high or low NUDT1 gene expression in medulloblastoma 

patients 

Kaplan Meier survival curves of the overall survival probability over a 120-month follow-up period based on high or low NUDT1 gene expression. Overall survival 

probability for all molecular subgroups A) All Subgroups B) Group 3 C) Group 4 D) SHH E) WNT were assessed using the Cavalli data. 
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4.3 Conclusion 
 

In this work, we have determined that 8-oxoguanine lesions are found naturally 

occurring in Group 3 medulloblastoma cell lines and are likely regulated in the 

nucleus as well as the cytoplasm by YB-1. The ability of YB-1 to interact with 

8-oxoguanine could have been the reason why 8-oxoguanine was picked up 

during the ChIP sequencing analysis for YB-1 in Taylor 2022’s work. YB-1 

and 8-oxoguanine were also seen colocalizing in Group 3 primary tumours and 

their corresponding metastatic tumours suggesting they could be involved in 

metastasis initiation. With future works, the relationship between YB-1 and 8-

oxoguanine lesions and their role in paediatric brain tumours can be 

established. 
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