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Article History Abstract
Current therapeutic strategies for Medulloblastoma (MB), include surgery,
Volume ¢, Issue 14, Aug 2024 radiation, and chemotherapy, often lead to severe long-term side effects,
underscoring the need for more effective and less toxic treatments.
Received: 15 July 2024 Medulloblastoma (MB) is characterized by its origin in the cerebellum or

posterior fossa and its heterogeneity, comprising distinct with unique genetic
and clinical profiles. Recent research efforts have focused on identifying and
targeting the specific molecular pathways involved in these subgroups,
aiming to develop tailored therapeutic approaches. The promise of targeted
doi 10.48047/AFJBS.6.14.2024.1992-2012 therapies and immunothergpigs holds_ pc_)terjtial for improved patient
outcomes, but practical application remains in its early stages. In our study,
we performed an extensive analysis of BRD2-BD1 in complex with MDP5
using next-generation sequencing and proteomics. The role of bromodomain-
containing proteins, particularly in gene expression regulation through
chromatin remodeling, was investigated using advanced molecular
visualization tools like Rasmol and PyMOL. Hydrogen bond analysis and the
identification of active sites for drug binding were key components of this
research, providing insights into the potential for novel drug targets.
Furthermore, the use of bioinformatics tools, including Biopython for
sequence analysis and principal component analysis (PCA) for structural
variability assessment, facilitated a comprehensive evaluation of protein
interactions. Validation of protein structures through ERRAT and
Ramachandran plots, coupled with functional network analysis using
STRING and gene localization via GeneCards, provided a robust framework
for understanding the molecular underpinnings of medulloblastoma. Our
findings highlight the importance of integrating molecular biology,
bioinformatics, and structural biology to advance the development of
targeted therapies for medulloblastoma. By focusing on the specific
molecular profiles of different subgroups, we aim to improve survival rates ,
moving closer to the goal of effective and personalized cancer treatment.
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1. Introduction

The most frequent malignant brain tumour in children is medulloblastoma (MB), which was first
discovered in 1925 (Ramaswamy and Taylor, 2017; Gajjar and Robinson, 2014; Gibson et al., 2010; Grill
et al., 2005). MB is an extremely aggressive embryonal tumour of the central nervous system (CNS) that
originates in the cerebellum (Rooper and Brown, 2005). It is brought on by a disruption of normal
cerebellar development (Marino, 2005). It accounts for over 40% of tumours in the posterior fossa (PF)
and 15% of all paediatric CNS tumours (Park et al., 2016; Withrow et al., 1998). According to Tulla et al.
(2015), there are roughly 0.41 instances of MB for every 100,000 patient-years among those 0 to 19 years
of age. With a male-to-female ratio of about 1.7:1, it is more frequently diagnosed in men (Sun etal.,2015)
At least four subgroups of MB have been identified by molecular studies, which have demonstrated the
clinical and biological variability of the disorder (Taylor et al., 2012; Northcott et al., 2011; Cho et al.,
2011). These subgroups are wingless (WNT), sonic hedgehog (SHH), group 3, and group 4. 2016 saw a
change to the MB classification that included both histologic and molecular criteria. WNT-activated,
SHH-activated TP53 wildtype, SHH-activated TP53-mutant, and non-WNT/non-SHH are the currently
recognised genetically characterised subtypes of MB (Cotter and Hawkins, 2021). These four categories
exhibit distinct clinical, histological, genetic, transcriptional, and prognostic traits that were discovered
through integrated genomics research (Northcott et al., 2012; Northcott et al., 2011; Pugh et al., 2012;
Ramaswamy et al., 2013) These four subgroups, identified through integrated genomics studies, display
well-defined clinical, histopathological, genetic, transcriptional, and prognostic features (Northcott et al.,

2012; Northcott et al., 2011; Pugh et al., 2012; Ramaswamy et al., 2013).

Each subgroup has distinct prognoses and therapeutic responses, underscoring the need for personalized
treatment (Kool et al., 2012). The standard treatment for MB includes maximal safe resection,
chemotherapy, and craniospinal irradiation (CSI). According to Choi et al. (2023), combining multiple
treatment strategies and precise risk assessment has improved long-term survival rates to 70%-80% for all
patients. However, despite intensive multimodal therapy, about 30% of patients do not survive, and those

who do often endure significant long-term side effects that diminish their quality of life.
1.1 Molecular Subtypes of Medulloblastoma

With a 5-year overall survival (OS) rate of over 95%, the WNT subgroup—which accounts for just 10% of
all medulloblastomas—has the best prognosis. (Ramaswamy et al., 2016; Kool et al., 2012). This subgroup
is characterised by chromosome 6 monosomy, which is present in 80-90% of cases, and mutations in the
CTNNBL1 gene that accumulate nuclear beta-catenin (Ellison et al., 2011; Goschzik et al., 2015). WNT

medulloblastomas frequently have classic histology upon diagnosis and are typically non-metastatic
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(Hovestadt et al., 2020). Patients with WNT medulloblastoma still have very good prognoses, with 90% or

more of them still alive after five years (Mani S et al., 2024).

SHH-activated medulloblastoma represents about 30% of all cases, predominantly impacting infants,
children, adolescents, and adults (Northcott et al., 2012; Kool et al., 2012). These tumors originate
primarily from the cerebellar hemispheres, with cerebellar granule neuron precursors identified as their
likely cell of origin (Gibson et al., 2010). The defining feature of SHH medulloblastomas is the activation
of the Sonic Hedgehog (SHH) signaling pathway, often due to mutations in PTCH1, SMO, and SUFU
genes (Lazow et al., 2022). Common genetic alterations include TP53 mutations, particularly in pediatric
cases, and MYCN amplifications. Germline mutations in PTCH1 and SUFU can predispose individuals to

Gorlin syndrome, associated with SHH medulloblastomas (Lazow et al., 2022).

Group 3 medulloblastoma represents around 25% of cases, mainly affecting infants and young children,
with a higher incidence in males (Kool et al., 2012). This subgroup is characterized by a distinct
transcriptional profile and genomic instability, showing frequent chromosomal alterations including gains
in 1qg, 7, and 17q, and deletions in 10q, 11, 16q, and 17p (Shih et al., 2014; Northcott et al., 2012; Cho et
al., 2011). Compared to other subgroups, Group 3 tumors often present with metastatic disease at
diagnosis (40-45%), large cell/anaplastic histology (40%), and/or MYC amplification, contributing to
poorer outcomes (Northcott et al., 2011; Kool et al., 2012; Cho et al., 2011). The prognosis is poor, with a
5-year survival rate of only 50% (Kool et al., 2012).

Group 4 medulloblastoma, the most prevalent subtype accounting for about 35% of cases, primarily affects
children aged 5-10 years, with rare occurrences in infants (Cavalli et al., 2017; Juraschka and Taylor,
2019). Cytogenetically, these tumors often show abnormalities involving chromosome 17q; however,
unlike Group 3, these anomalies do not independently predict survival outcomes (Northcott et al., 2012).
Common genetic alterations in Group 4 include MYCN amplification, mutations in KDM family
members, and amplifications of OTX2, SNCAIP, and CDKS®, contributing to its distinct molecular profile
(Northcott et al., 2011; Shih et al., 2014; Pugh et al., 2012; Robinson et al., 2012). Treatment outcomes
generally show an intermediate prognosis, with a 5-year survival rate of 80% under standard therapies.
However, approximately 30-40% of patients present with metastases at diagnosis, requiring high-risk
treatment strategies (Ramaswamy et al., 2016; Menyhart et al., 2019).

1.2 Advancements in Treatment Strategies for Medulloblastoma

Treatment for medulloblastoma is extensive and typically involves significant surgical removal of the
tumor, followed by craniospinal irradiation and additional chemotherapy (Moxon-Emre et al., 2014;
Moxon-Emre et al., 2016; Fossati et al., 2009). Advances in neurosurgical techniques have improved the
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effectiveness of tumor removal while reducing surgical complications (Sharma et al., 2009). Radiation
therapy, particularly craniospinal irradiation, is essential in treatment but may result in significant long-

term side effects such as cognitive decline and hormonal imbalances (Sharma et al., 2009).

Chemotherapy has significantly transformed the treatment approach for medulloblastoma. Previously,
standard therapies involving surgery and craniospinal radiotherapy yielded a 10-year survival rate of 45%
(Hughes et al., 1988). The incorporation of chemotherapy, administered either before or after radiotherapy,
has markedly enhanced treatment outcomes. Risk-adapted craniospinal radiotherapy followed by high-
dose chemotherapy and stem-cell rescue is now the norm for children newly diagnosed with
medulloblastoma (Gajjar et al., 2006). Currently, over 70% of children aged 3 years or older with average-
risk medulloblastoma—defined as no metastasis and residual disease <1.5 cm?—can achieve a cure
(Gottardo & Gajjar, 2006). Moreover, chemotherapy has enabled a reduction in the necessary dosage of
craniospinal radiotherapy for average-risk cases. Nevertheless, challenges persist for patients classified
with high-risk disease, where survival rates remain below 55%, primarily due to factors like extensive

residual disease or metastasis (Zeltzer et al., 1999; Taylor et al., 2005; Kortmann et al., 2000).

Ongoing research efforts are focused on the development of targeted therapies for medulloblastoma to
enhance outcomes while reducing adverse effects. Biomarkers are becoming increasingly significant in
risk assessment and individualized treatment, identified through molecular profiling methods such as next-
generation sequencing and DNA methylation analysis. Research into the tumor microenvironment and
immune cell interactions is revealing new therapeutic targets, including potential immunotherapy
approaches. Advances in imaging and surgical tools, such as intraoperative MRI and fluorescence-guided
surgery, are improving the precision of tumor resections and minimizing complications. These
advancements, along with ongoing clinical trials testing new drug combinations, suggest a shift towards
more personalized and effective treatment strategies for medulloblastoma. Genomic characterization is
transforming cancer diagnostics by identifying and understanding the genetic events and variants that drive
these tumors, aiding the development of better diagnostic, prognostic, and therapeutic approaches. Recent
genomic advances have significantly deepened our understanding of medulloblastoma pathogenesis. The
detection of variants confirming a predisposition to cancer syndromes may prompt ongoing surveillance
and testing of family members. Findings from next-generation sequencing have influenced treatment
decisions in 55% of patients, with 24% receiving targeted treatments based on these findings (Barsan et
al., 2019). Medulloblastoma, once considered a single disease based solely on pathological features, has
been reclassified in recent years through genome-wide sequencing into four distinct molecular subgroups

with unique demographics, genetic abnormalities, and clinical outcomes.

1.3 Proteomics in Medulloblastoma
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As they carry out the majority of biological functions, proteins are essential in determining the
functional state of the cell. Even though gene transcripts are the first step in the production of proteins,
studies have demonstrated that for many genes, transcript abundance is not a reliable indicator of the
amount of protein produced. This is because of a variety of post-transcriptional regulatory mechanisms,
including selective RNA-binding proteins and interfering RNAs, which affect differential translation in
response to various cellular conditions (Gry et al., 2009). The categorization of medulloblastoma and its
clinical and biological behaviours have been better understood thanks to developments in quantitative
mass spectrometry (MS)-based techniques. New research avenues are developing by looking at protein
expression and the effects of post-translational modifications on cellular activity. These avenues will
help to improve the current subgroup classifications and will aid in the treatment of tumours by
identifying novel molecular targets and signalling pathways as well as introducing markers in serum,

urine, and CSF for tumor growth and recurrence monitoring (Serra & Mangraviti, 2021).

1.4 BET Proteins: Role in Cancer and Therapeutic Potential

The proteins that make up the mammalian bromodomain and extra-terminal domain (BET) family, which
includes BRD2, BRD3, BRD4, and BRDT, control a large number of genes linked to immunity and
cancer. By attaching to acetylated histones on chromosomes and enlisting transcriptional regulatory
complexes to alter gene expression, these proteins function as epigenetic readers. Because BET proteins
interact with several cellular proteins, including transcription factors, chromatin-modifying factors, and

histone modification enzymes, they are linked to the advancement of cancer.

The development of small-molecule BET inhibitors highlights the significance of this protein family as
targets for anticancer therapy (To et al., 2023). BRD2, BRD3, and BRD4 are involved in regulating the
transcription of the MYC oncogene, crucial for the proliferation of many cancer cells. BET proteins
maintain MYC expression by binding to its promoter regions (Henssen et al., 2013). Current therapeutic
strategies targeting BET proteins use acetylation mimics to prevent bromodomains from binding
chromatin, though these agents often face dose-limiting toxicities due to their effects on other
bromodomain-containing proteins (To et al., 2023). BRD2 and BRD3 also regulate the transcription of
growth-promoting genes like CCNDL1, suggesting their role in promoting cellular proliferation (LeRoy et
al., 2008). Inhibiting BET proteins has been validated as a strategy for cancer chemotherapy. All identified
BET proteins contain two bromodomains (BD1 and BD2) that recognize acetylated lysine residues in
histones (Slavish et al., 2020).

Many bromodomain-containing proteins exhibit good druggability based on structural and computational

analyses (Slavish et al., 2020). Inhibitors targeting BET proteins, such as BRD2, show potential as cancer
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treatments by disrupting their binding to acetylated histones, thus downregulating oncogene expression

and inhibiting tumor growth (Henssen et al., 2013).

1.5 Drug designing & molecular docking - role in MB

Molecular docking is essential in creating targeted treatments for medulloblastoma (MB), as it helps
predict ligand-target interactions at the molecular scale (Pinzi & Rastelli, 2019). Epigenetic proteins are
highly sought-after targets in ligand discovery, enabling the identification of inhibitors that can bind to

specific molecular targets associated with MB, such as the BRD2 protein.

One of the many genes whose products are commonly activated in human malignancies is the MYC
oncogene (Dhanasekaran et al., 2022). As a transcription factor that either directly or indirectly regulates
the expression of hundreds of genes, MYC is a crucial regulator of many biological programmes (Kress et
al., 2015). According to Juraschka and Taylor (2019), a notable biomarker for high-risk MB patients with
worse clinical outcomes is persistent MY C amplification or overexpression.

In 2010, two distinct research groups employing different scaffolds independently found BET
bromodomain inhibitors, such as JQ1 and I-BET151 (Filippakopoulos et al., 2010; Nicodeme et al., 2010).
These inhibitors target the bromodomain (BD) of BET proteins specifically, competing with histone
acetylation sites. Histones dissociate from chromatin as a result of BET proteins' inability to connect with
them (Dawson et al., 2011).JQ1, in particular, has been shown to inhibit the transcription and recruitment
of c-Myc to chromatin, thereby modifying the transcriptional profile of multiple myeloma cells and
hindering their growth both in vitro and in vivo. This selective small molecule inhibitor has demonstrated

substantial anti-proliferative effects across various cancer types (Jiang et al., 2020).

2. Methodology

The Protein Data Bank (PDB) serves as a standardized repository for atomic coordinates and bond
connections derived from crystallographic studies of macromolecular structures. Each entry includes
details such as the organism's origin, data resolution, bibliographic references, and relevant structural
information. Scientists and biochemists worldwide contribute to the PDB, which is universally accessible
online through various member entities like PDBe, PDBj, RCSB PDB, and BMRB, ensuring wide
availability for researchers globally.Molecular visualization tools, such as the raster software, are
integrated with servers to visualize superimposed 3D structures, including water molecules. The Molecular

Modeling Database (MMDB) allows detailed examination of individual molecular architectures and
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facilitates comparative analyses across different biological entities. BLAST identifies regions of similarity
between the query sequence and database sequences, aiding in elucidating functional connections,

inferring evolutionary links, and conducting analyses.

PyMOL, with its integrated Python interpreter, offers features and expandability unmatched by traditional
software. Released under an unrestricted open-source license, PyMOL allows scientists and developers to
freely adopt and distribute derivative works without cost or limitation. ERRAT is a novel method for
detecting incorrect regions in protein structures by identifying errors that cause random distributions of
atoms, which are distinguishable from correct distributions.

An multinational group of volunteer developers is working together to create Python modules for a range
of bioinformatics issues under the Biopython project. It contains modules for handling 3D macromolecular
structures, reading and writing various sequence file formats, executing multiple sequence alignments,
interacting with common tools like BLAST, ClustalW, and EMBOSS, accessing large online databases,
and providing numerical techniques for statistical learning.
While the fundamentals of protein interactions are becoming more known, new interactions are still being
found, and the information about them is dispersed among a variety of database sources, experimental
techniques, and levels of mechanistic depth. Data originates from databases of interaction experiments,
curated complexes/pathways, automated text mining, and computational interaction predictions. Using
information from hierarchical orthology, these interactions are evaluated critically, scored, and
automatically transmitted to less-studied organisms.
Researchers may browse and relate human genes, diseases, variations, proteins, cells, and biological
pathways with the help of the human gene compendium. Improved user experience, more rapid data
updates, and more focused queries are all included in version 4. It gives the GeneCards suite—which
includes pharmacological information, proteome expression, unified biological pathways via PathCards,
gene-disease linkages via MalaCards—a firmer base. VarElect is a next-generation sequencing phenotypic
prioritizer that makes wuse of the GeneCards and MalaCards knowledge base.
A web-based application called the UCSC genomic Browser allows you to view genomic segments of any
size along with aligned annotation tracks. Gene predictions, SNPs, expression and regulatory data, mMRNA
and expressed sequence tag alignments, phenotypic and variation data, and comparative genomics data are

among the annotations. The database tables beneath can be seen, downloaded, and worked with with the

The majority of analyses are image-based and include PROCHECK structural quality evaluations, protein-
ligand and protein-DNA interactions, and secondary structure of proteins. Three programmes that allow
for interactive viewing of 3D structures include RasMol, PyMOL, and 3Dmol.js, a JavaScript viewer.

Users who wish to perform password-protected PDBsum analyses can submit their own PDB files.The



Uma Kumari/ Afr.J.Bio.Sc. 6(14) (2024) Page 1999 to 10
examination of BRD2-BD1 interaction with MDP5 in reference samples revealed significant variations,
highlighting potential mechanisms in medulloblastoma pathogenesis, as shown through next-generation

sequencing and proteomics analysis.

3. RESULTS

Fig 3. Active site identification on chain A (YELLOW) B (BLUE)
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Fig 13. Secondary structure prediction of Human protein sample (7usi) in PDBsum

Fig 14. Low similarity RMSD VALUE above 4A indicate significant Structural Differences
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Conclusion

Medulloblastoma, a malignant pediatric brain tumor, has seen advancements in understanding and
treatment through the integration of next-generation sequencing (NGS) and proteomics analysis. BRD2,
particularly its BD1 domain (bromodomain 1), has emerged as a potential therapeutic target due to its role
in gene expression regulation. NGS enables genetic profiling of medulloblastoma tumors, while proteomic
analysis elucidates protein interactions involving BRD2-BD1. Proteomic signatures, pathway analyses,
and personalized treatment strategies derived from these analyses aim to improve outcomes for patients

with medulloblastoma.
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