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Abstract Gliomas are malignant tumours arising from glial cells in the central nervous system (CNS),
presenting significant clinical challenges. High-grade gliomas (HGGs) are particularly concerning as they are
the primary cause of CNS cancer-related deaths. Low-grade gliomas (LGGs), which include diffuse types,
represent only 15% of all glioma cases. this review aims to identify the critical hub genes associated with HGG
and LGG, understand their proliferation, apoptosis, and mutation role in glioma, and their therapeutic
potential as well. First, we identified the gene interaction networks by employing bioinformatics techniques,
such as differential expression analysis, Venn enrichment, Cytoscape, and CytoHubba analyses. Next, we
summarized the role of hub genes, addressing recent advancements and emerging evidence related to the
identified hub genes to provide a comprehensive understanding. The analysis revealed ten hub genes: CCNB1,
TOP2A, CENPF, NEK2, ASPM, TPX2, PBK, RRM2, KIF15, and ATAD2. Most hub genes showed elevated
expression in HGG compared to LGG, and a strong positive correlation with glioma pathology. Also, might
hold significant therapeutic potential, particularly CCNB1, CENPF, NEK2, and TPX2, due to their crucial
biological functions and the results of gene mania analysis. This review offers an overview and comprehensive
knowledge of the hub genes in glioma pathology, which may inform future research and clinical trials aimed
at developing targeted therapeutic strategies.

Keywords: glioma; high-grade glioma; low-grade glioma; hub genes; bioinformatics; glioma
therapy; gene therapy; genomics

1. Inrtoduction

Gliomas are tumours originating from the abnormal proliferation of glial cells[1], which
generally support the neurons and contribute to the central nervous system’s (CNS) functioning.[2]
Predominantly found in the brain but also capable of forming in the spinal cord[3], gliomas are
characterized by their malignant nature, signifying their cancerous attributes.[4,5] Despite some
gliomas exhibiting a gradual growth rate, they remain primary brain tumours, exclusive to the brain
tissue.[6] Noteworthy is the limited propensity for gliomas to metastasize beyond the confines of the
brain or spinal cord.[7] Nevertheless, their inherent life-threatening nature arises due to the
challenges posed by surgical interventions[8,9], with the tumours often infiltrating intricate regions
of the brain. The multifaceted treatment of gliomas typically involves a combination of surgical
procedures, radiation therapy, and chemotherapy[10,11], the selection of which is contingent upon
factors such as tumour type[12], grade[13], location[14], and the overall health status of the afflicted
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individual.[15] The prognosis for gliomas varies considerably, underscoring the imperative for
ongoing research to advance therapeutic modalities for these formidable CNS neoplasms.[16,17]

High-grade gliomas (HGG) stand as the primary contributor to cancer-related mortality within
the CNS for both pediatric and adult populations.[18,19] The persistent clinical challenges associated
with these tumours underscore the inadequacy of the current comprehension of glioma
pathophysiology.[20] While gliomas exhibit extensive infiltration within the brain and spinal
cord[21], occurrences of growth beyond the confines of the CNS are exceptionally uncommon.[22]
Glioma progression is solely driven by intrinsic cellular mechanisms and heavily influenced by key
dependencies within the tumour microenvironment.[23] Notably, neurons emerge as a pivotal
constituent of the glioma microenvironment, exerting a regulatory role in malignant growth through
an activity-dependent mechanism.[24] HGGs are categorized based on their level of aggressiveness,
determined by the growth rate, into either anaplastic astrocytomas (grade III) or glioblastoma
multiforme (GBM).[25,26] These tumours often infiltrate neighboring healthy tissue[27], making
surgical removal a significant challenge. Predominantly originating in the cerebral hemispheres,
including the frontal, parietal, and temporal lobes[28], as well as the central regions of the brain such
as the thalamus[29], these tumours tend to spread to other areas of the brain and the spinal cord. The
extensive infiltration and potential for metastasis add complexity to the treatment of HGGs,
highlighting the need for comprehensive therapeutic strategies.[30,31]

Low-grade gliomas (LGG) encompass benign tumours categorized as grade I and grade II
according to the World Health Organization (WHO) classification.[32] LGG may arise from genetic
mutations or environmental factors influencing their growth.[33] The clinical presentation varies
depending on the tumour’s size and location.[34] Predominantly observed in children at a young
age[35], early diagnosis and prompt treatment are imperative for an improved prognosis.[36] Despite
a lack of well-defined causes for gliomas, the risk factors contributing to their development remain
poorly understood. Notably, therapeutic irradiation are a significant environmental factor, that
elevates the risk not only for LGGs but for all brain tumors.[37] Despite constituting only 15% of all
gliomas, diffuse low-grade gliomas (dLGGs) have garnered growing attention over the past
decade.[38] Substantial progress has been made in understanding their natural history and clinical
variability. The WHO has played a pivotal role in this advancement, by issuing an enhanced
pathological classification of gliomas, which integrates histological characteristics with molecular
markers. This updated classification system offers a deeper and more detailed understanding of
dLGGs.[39]

Astrocytomas and oligodendrogliomas are the most prevalent grade II gliomas, particularly
affecting children and young adults.[40] Most grade II gliomas exhibit an infiltrative nature,
indicating that tumour cells disperse beyond a confined area[41], rendering surgical cures often
unattainable.[42] These tumours exhibit slow growth over an extended period[43], yet many
eventually transform into HGGs, posing a life-threatening risk.[44] A characteristic feature of most
grade II gliomas is the presence of DNA mutations in the IDH1 or IDH2 gene, with gliomas carrying
an IDH mutation generally displaying a slower growth rate than those without. Particular grade II
gliomas with an IDH mutation may also display a DNA abnormality known as 1p/19q co-deletion.
Gliomas with this co-deletion have demonstrated notably favorable responses to
chemotherapy.[45,46] Despite extensive research on glioma progression, the key functional genes
have yet to be identified.

Cancer cell migration is a significant factor in tumour invasion. Targeting this migration with
targeted therapies offers a promising strategy for managing disease progression.[47] Metabolic
remodeling in tumours, especially gliomas, has gained significance due to advances in metabolomics
that have revealed important tumor metabolites.[48,49] These metabolites supply energy, support
growth, influence the expression of oncogenes and tumor suppressor genes, and impact epigenetic
modifications.[50-52] Although the intricate role of metabolic reprogramming in gliomas remains
underexplored[53], understanding these mechanisms is crucial for developing new treatment
strategies. Cell proliferation and migration contribute to the aggressive characteristics of gliomas and
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their unfavorable prognosis. These factors complicate treatment and underscore the necessity for
continued research into therapies that can effectively target both aspects of glioma biology.

LGGs are incurable primary brain tumours located primarily in the frontal and temporal lobes.
Patients frequently experience epileptic seizures, while other symptoms, such as headaches, lethargy,
and cognitive changes, are less common. These tumours generally grow slowly and infiltrate
surrounding tissue, but their behavior can vary widely. Some LGGs may remain stable for many
years, while others can progress rapidly, leading to significant neurological complications and
potentially resulting in death.[54,55] Most patients with LGGs eventually experience a tumour
transformation into a higher-grade form, a process belonging to malignant, anaplastic
transformation, or malignant progression. This shift significantly worsens the prognosis[56], with
median 5-year overall survival ranging from 69.2% to 93.5% for LGG patients.[57] In contrast, patients
with HGGs typically have a median survival of only one to two years.[58] The timing of malignant
transformation in LGG patients varies. Clinical studies show a wide range in the 5-year malignancy-
free survival rates, from 30% to 70%.[56,59,60] Some reports suggest that all LGGs will eventually
undergo malignant transformation during their clinical course.[61] Radiologically, this
transformation is often identified by the new appearance of contrast enhancement on MRI scans, or
it may be confirmed histopathologically by evidence of malignant degeneration in tissue samples
obtained during biopsy or surgery.[59]

The primary aim of our review is to accurately identify hub genes associated with HGG and
LGG using bioinformatics analysis. Moreover, to elucidate the biological functions of these genes in
cell reproduction and division, and to explore the specific roles each gene plays in glioma
proliferation and mutation through their expression profiles, by drawing on the latest research
findings. Additionally, we will emphasize the therapeutic potential of these genes, particularly those
that could be crucial in glioma gene therapy. A comprehensive summary of the literature related to
core glioma genes is also provided.

1. Bio-informatics methods and results.

Bioinformatics analysis through R Studio and Cytoscape software involved in exploring the role
of hub genes (top ten) critical in the molecular network. We sourced gene expression data from the
GEO database https://www.ncbi.nlm.nih.gov/geo/, focusing on downloaded datasets as detailed in
Table 1 GSE50161[62] and GSE107850[63]. Moreover, the GSE50161 dataset includes gene expression
profiles of HGG, derived from surgical tumor samples as the disease group, with ordinary brain
white matter serving as the control group.[62]

Table 1. Data information.

Sample Size / Volume

Sample NumberData Generation Platform Data

Experiment design Disease
Type
Control
n=130 samples
GSE50161 GPL570 High
Clinical trials of
grade 117 13
) immunotherapy
glioma

n=195 samples
GSE107850 GPL14951

195 0
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Low  Clinical trials of
grade chemotherapy and

glioma radiotherapy

Table 1: GEO downloaded data for our study, belongs to gene expression profiles from high-grade and low-
grade glioma, including sample numbers, data generation platforms, types, experimental designs, and sample
sizes.

In contrast, GSE107850 comprises samples from LGG patients, many of whom underwent
temozolomide (TMZ) and radiotherapy (RT) as part of the EORTC22033-26033 clinical trial, without
a control group involved. This variability potentially impacts the gene expression profiles. To
establish a consistent baseline for analysis, we merged the control samples with the glioma samples,
creating two datasets: “high_Matrix.txt” for high-grade gliomas and “low_Matrix.txt” for low-grade
gliomas. This approach enables a thorough examination of differential gene expression across glioma
grades. A significant limitation of the GSE107850 dataset is that it includes low-grade glioma patients
who received chemotherapy and radiotherapy (RT). These treatments could influence the observed
differential gene expression patterns, complicating the distinction between disease-related changes
and those induced by therapies. The bioinformatics analysis yielded several key findings as follows:

1.1. Differential Expression Analysis

The main objective of this analysis was to identify differential expression genes (DEGs)in HGG
and LGG samples, facilitating the data extraction necessary for Venn analysis. This investigation
began with retrieving glioma profiles, categorized by grade, from the GEO database. Subsequently,
differential expression analysis was conducted by comparing gene expression patterns in glioma
tissues with those in non-tumorous brain tissues (ordinary white matter), identifying DEGs. We
utilized R Studio to analyze differential expression under varying conditions to explore the
regulatory mechanisms of gene expression in both standard and glioma groups. Specific R packages,
including “Diseases.diff.R,” were utilized to process the datasets and generate a heat map.
Subsequently, we used the R programming language to integrate the expression data, preparing it
for the construction of a predictive model in the next phase of analysis.

The analysis revealed statistically significant differential gene expression in the HGG group as
re, with the same approach being applied to the LGG group, we can observe the differential
expression of genes between high-grade glioma (HGG) samples and normal brain tissues as shown
in the heat map Figure 1. The clustering map reveals distinct patterns of gene expression that
differentiate high-grade glioma (HGG) samples from normal tissues. However, clusters of those
highly upregulated genes in HGG samples are highlighted in bright red, indicating their likely
involvement in pathways associated with glioma progression. Thus, some genes are markedly
downregulated in HGG shown in blue, which may indicate suppression of normal brain functions
Overall, the heat map provides a clear visual representation of the differential expression patterns,
highlighting key genes that could serve as potential biomarkers or therapeutic targets in high-grade
glioma.


https://doi.org/10.20944/preprints202410.2099.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 October 2024 d0i:10.20944/, rints202410.2099.v1

Tt RS
¥ B
- =t - ' e Sl
H t
3 v
u
SR SR ]
e san:
TEEEE
s
T : EH
tHEH : i
ue HIERR 8
.
it - B
-+ ‘_E [ 11
. LELL L
q Lt T
S
St H
} 3 '
. tu s
- i a5
%
7
i
. TR
= aas H H
H Lt
== o ras
3 2! i o
- = RaEs
D =8 44
™= "RREL ul
LN
- T TTeeaRatt He
T Tr o b L
A i TN L 8 Ba -

Figure 1. Heat map of HGG. Figure 1: Each row represents a gene, and each column represents a
sample. The color scale indicates the level of gene expression that differentiates HGG samples (red
scale) from normal tissues (green scale), with red colors representing upregulated genes and blue
colors representing downregulated genes. The dendrograms at the top and sideshow the
hierarchical clustering of samples and genes, respectively.

1.2. Venn Analysis of Intersection Genes

Initially, we performed a Venn analysis to identify the number of upregulated and
downregulated genes in HGG and LGG samples. This analysis enabled us to pinpoint the intersecting
genes between the two grades, focusing on those with statistically significant differences. The
“interGenes.List.txt” file generated during this process will be crucial for further analyses. Our results
revealed that LGG samples exhibited more upregulated and downregulated genes compared with
HGG samples, indicating a greater enrichment of gene expression changes in LGG.

1.3. Cytoscape Analysis

Subsequently, to explore the relationship between core genes and glioma progression, we
utilized Cytoscape, a comprehensive offline platform designed for constructing gene regulatory
networks. This tool is essential for visualizing and constructing molecular communication networks,
allowing us to correlate these networks with gene expression profiles and better understand their
role in glioma pathology. The graphical representation in this tool utilizes nodes and edges, where
nodes depict biological entities such as genes and proteins, and edges illustrate the connectivity
between these entities. Optimal utilization of cytoscape is achieved when it is integrated with
extensive databases containing information on protein-dNA interactions, protein-protein
interactions, gene expression data, and genetic connections. This integration enhances Cytoscape’s
ability to elucidate complex molecular relationships and signaling pathways within biological
systems, making it a powerful tool for understanding the underlying mechanisms of glioma
progression.[64]

To further analyze the data, we used Cytoscape software to examine the “interGenes.List.txt”
file, which helped us visually distinguish between upregulated and downregulated genes, as
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depicted in Figure 2 Before running the analysis, we prepared and imported two essential files into
Cytoscape: one containing the gene list and the other detailing the node type to indicate whether the
genes were up- or down-regulated. In the visualization, nodes were colour-coded, with blue
representing upregulated genes and red indicating downregulated genes.

Figure 2. Cytoscape graph. Figure 2: This network graph depicts the relationships between

upregulated and downregulated genes identified in HGG and LGG. Nodes represent individual
genes, with blue nodes indicating upregulated genes and red nodes indicating downregulated genes.
Edges (lines) between nodes indicate known or predicted interactions between these genes. The size
of each node is proportional to the degree of differential expression, with larger nodes representing
genes with higher fold changes. Key hub genes with multiple connections are highlighted, indicating
their potential central role in the regulatory network. This visualization helps understand the complex
interactions and possible regulatory mechanisms underlying the observed gene expression changes.

1.4. CytoHubba Analysis

In addition, the CytoHubba plugin in Cytoscape was used to identify the top 10 hub genes
within the macro-module, outlining the core gene network and highlighting the essential genes likely
involved in glioma progression. Hub genes represented the most connections in the network,
indicating their centrality and potential importance in biological processes.[65] As shown in Figure
3, the significance of hub genes is visually represented using a color scale. Nodes corresponding to
hub genes are color-coded, with a gradient from red to yellow indicating the degree of connectivity
or centrality of the genes within the network. Red represents genes with the highest degree of
connectivity or centrality, signifying their critical and influential roles within the network and their
importance in the biological processes under investigation. Yellow represents genes with a lower
degree of connectivity or centrality, indicating that while they are still important, they have fewer
connections or interactions compared to those represented in red. This color distinction provides
insights into their significance within the overall molecular interactions of the macro-module.
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Figure 3. Hub genes network. Figure 3: Network Graph of Intersected Hub Genes in HGG and LGG:
This graph depicts the intersecting hub genes between high-grade gliomas (HGG) and low-grade
gliomas (LGG). These shared genes are crucial for understanding common molecular pathways and
mechanisms that contribute to glioma progression and nerve tissue repair in the CNS, offering
potential targets for therapeutic intervention across different glioma grades. The color grading from
red to yellow typically represents the degree of connectivity or centrality of the genes within the
network, the red represents genes with the highest degree of connectivity or centrality. These genes
are often the most critical and influential within the network, playing key roles in the biological
processes being studied. Yellow represents genes with a lower degree of connectivity or centrality,
while still important, have fewer connections or interactions compared to those in red. This color
gradient helps to visually distinguish the most significant hub genes from the less connected ones
within the network.

The gene network was imported into Cytoscape software, where we employed the “cytoHubba”
plugin to conduct further analysis. We set the imported gene network as the target and selected the
top 10 hub genes based on the Maximum Clique Centrality (MCC) ranking method. After configuring
the analysis parameters, we generated a graphical representation of the gene network, as illustrated
in Figure 3, along with a corresponding ranking table in Table 2. According to this ranking, the gene
CCNBI1 emerged as the top hub gene with the highest expression score, while ATAD2 ranked tenth,
indicating the lowest score among the top hub genes.

Table 2. Top 10 Hub genes.

Ranking Name
Type
1 CCNB1 Up-regulated
2 TOP2A Up-regulated
3 CENPF Up-regulated
4 NEK2 Up-regulated
5 ASPM Up-regulated
6 TPX2 Up-regulated
7 PBK Up-regulated
8 RRM2 Up-regulated
9 KIF15 Up-regulated
10 ATAD2 Up-regulated

Table 2: Table of top 10 intersected hub genes between HGG and LGG: This table ranks the top 10 hub genes
that are common to both high-grade gliomas (HGG) and low-grade gliomas (LGG). These genes are identified
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based on their significance and centrality in gene interaction networks. CCNB1 has the highest score and ATAD2
has the lowest score, underscoring their potential roles in glioma pathogenesis and the repair of damaged nerve
tissue in the CNS.

1.5. Gene Mania Analysis

A Gene Mania is a gene-gene interaction network that can be automatically laid out and
visualized, where each gene corresponds to a node, and the interactions are represented by edges.[66]
This process enables the automated layout and visualization of a Gene Mania, offering valuable
insights into the characteristics and relationships of the genes within the network. We utilized the
Gene Mania website to explore the relationships and connections of our hub genes with other genes.
By inputting our hub genes into the search tool, we generated a network graph illustrating their
interactions. We then used the tool’s functions to highlight the most significant biological roles
associated with these hub genes, which were visually represented by different colors within each
node. Key biological functions identified included mitotic nuclear division, chromosome segregation,
spindle formation, cell cycle G2/M phase transition, spindle organization, regulation of nuclear
division, and G2/M transition of the mitotic cell cycle. These functions underscore the critical
involvement of these genes in glioma progression. As depicted in Figure 4.

GeneMANIA report

Created on : 16 May 2024 11:37:30
Last database update : 13 August 2021 00:00:00

Application version : 3.6.0

Networks Functions
Co-expression M chromosome segregation
Pathway W cell cyele G2/M phase transition
Co-localization B mitotic nuclear division
Predicted spindle organization
M regulation of nuclear division
G2/M transition of mitotic cell eycle

MW spindle
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Figure 4. GeneMANIA report. Figure 4: GeneMANIA report illustrates the biological function
network and interactions among key glioma genes. This network highlights gene functions such as
cell proliferation, apoptosis, and repair mechanisms, revealing their interconnected roles in glioma
pathology. CCNB1, CENPF, NEK2, and TPX2 have most of the biological functions in cell division
and proliferation among glioma, however, affects glioma progression, and may be considered a
therapeutic target in glioma gene therapy.

2. Research Progress About Hub Genes Involved in Gliomas

2.1. Review Methods

The reviewing methodology employed in this study relied on summarizing 72 out of 140 studies
under inclusion criteria, as a systemic or narrative review, and the main outcomes of these studies
were subjected to recapitulation. The primary objective of this review is to elucidate the biological
functions of the hub genes associated with HGG and LGG, in cell reproduction and division, and to
explore the specific roles each gene plays in glioma proliferation and mutation through their
expression profiles, by drawing on the latest research findings. Table 3 outlines the inclusion and
exclusion criteria we followed in our study.

Table 3. Inclusion/exclusion criteria.

Index Inclusion criteria Exclusion criteria

) ) *Case reports, Experts’ opinions, and
Prospective/Retrospective cohort, )
) ) ) Personal websites.
Systemic review, Meta-analysis, )
Types ] ] * Non-affluent abstract (lack of required
Randomized controlled trial, etc.
data)

Time of the study =~ New publications after 2007-2024 Old publications before 2007
Language of the Publications in English or translated to
Non-English publications
study English
*Quantitative *Qualitative
*Studies depend on clinical trials and ~ *Studies depend on questionnaire or

Methods o ) ) ) ;
clinical systemic analysis. interview

Table 3: summarizes the criteria used to determine the eligibility of studies included in the systematic review. It
outlines the types of studies considered, the timeframe for publication, language requirements, and the
methodological approaches employed. Only prospective and retrospective cohort studies, systematic reviews,
meta-analyses, and randomized controlled trials published between 2007 and 2024 in English or translated to
English were included. Qualitative studies based on questionnaires or interviews were excluded.

We used the new updated version PRISMA 2020 flowchart, represented by Figure 5 which
illustrates the schematic flow criteria. However, PRISMA originally published in 2009, aimed to
improve transparency in systematic reviews by detailing the rationale, methods, and findings of the
review process. With advancements in methodology and terminology over the past decade, an
updated version, PRISMA 2020, has been introduced by Matthew JP, et al.[67] This new guideline
offers enhanced reporting guidance to reflect improved practices in study identification, selection,
appraisal, synthesis, and meeting the study’s eligibility requirements.
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*Searched by keywords; “HGG, LGG, high
expression genes, and gene therapy.
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bioinformatics, and CCNB1, TOP2A, CENPF,
NEK2, ASPM, TPX2, PBK, RRM2, KIF15,
and ATAD2 (*X gene™ and “glioma™).

1 )
Y

18 Studies initially excluded due to duplication data, and mismatching with
the study core.
144 Studics keot for deep review.
144 Studies

screened and included by
title and abstract, related to

40 Studies
excluded due to old
publications and non English

our hub genes language.
104 Studies 32 Studies

well reviewed as literature of
qualitative studics, clinical
trials and clinical systemic |
analysis which related to
neuroscience of cancer.

l

72 Studies
included in the review of
hub genes correlated with

HGG and LGG.

excluded due to spesific
cxclusion critceria.
*depend on expert opinion,
discriptive reports, case
reports, and nonaffluent
abstract.

Figure 5. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 flow chart
(PRISMA). Figure 5: PRISMA flow diagram illustrating the identification, screening, eligibility, and
inclusion of studies for the systematic review. A total of 162 studies were initially identified from
various databases and registers, with 18 excluded due to duplication. After screening, 144 studies
were included based on title and abstract, and 40 were excluded due to old publications or non-
English language. Finally, 72 studies were selected for review after eligibility checks, focusing on hub
genes related to high-grade glioma (HGG) and low-grade glioma (LGG).

2.2. Review Findings

We identified ten essential hub genes via bioinformatics analysis within our datasets; CCNBI1,
TOP2A, CENPF, NEK2, ASPM, TPX2, PBK, RRM2, KIF15 and ATAD2. We conducted a
comprehensive narrative review to provide an overview of the most recent research findings related
to these genes. This review encompasses various aspects, including their biological functions,
dysregulation, mutations, expression profiles in glioma, and their potential as therapeutic targets or
prognostic markers.

2.2.1. CCNB1

Cyclin B1 is a key regulatory protein intricately involved in mitosis. It interacts with p34 (Cdk1)
to form the maturation-promoting factor (MPF), which is essential for driving cell cycle progression.
Notably, two distinct transcripts of Cyclin B1 have been identified: one is constitutively expressed,
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while the other is regulated by the cell cycle and is predominantly active during the G2/M phase. This
variation in transcripts results from the use of alternate transcription initiation sites, highlighting a
sophisticated regulatory mechanism that governs Cyclin B1 expression at different stages of the cell
cycle.[68,69]

CCNBI has been implicated in tumour initiation and progression, operating through a diverse
range of transcripts. One transcript is particularly notable for its predominant expression during the
G2/M phase and its regulation by the cell cycle.[70] Transcript diversity in CCNB1 is believed to arise
from the utilization of alternative transcriptional start points. Additionally, CCNB1 is known to be
upregulated during cell division, proliferation, and apoptosis processes.[71] GO and KEGG analyses
have shown that CCNB1 is positioned downstream in the cell cycle signaling pathway. Studies
indicate that CCNB1 exhibits elevated expression levels in patients with glioblastoma (GBM)
compared to control groups. Furthermore, this increased expression is associated with disease-free
survival and overall survival rates among GBM patients. These findings suggest a potential link
between CCNB1 overexpression, accelerated mitosis, and the promotion of GBM tumour cell
proliferation and invasion, highlighting its significant role in the initiation and progression of
GBM.[72] Elevated expression levels of CCNB1 have been observed to correlate with high-grade
gliomas (HGG) and advanced stages of gliomas. Furthermore, it is suggested that CCNB1 may play
a crucial role in the progression of glioblastoma by mediating the cell cycle.[73] Yue, et al., have
demonstrated by a vitro experiments that the overexpression of Cyclin B1 effectively reverses the cell
cycle arrest occurring at the G2/M transition and the inhibited proliferation of glioma cells resulting
from USP39 knockdown.[74]

2.2.2. TOP2A

Topoisomerase Il plays a critical role in alleviating topological DNA stress during
transcription, chromosome condensation, and chromatid separation. This enzyme enables the
transient breaking and rejoining of two strands of duplex DNA, allowing them to pass through one
another. Notably, two forms of this enzyme exist, likely arising from a gene duplication event.[75]
Several investigations have explored the expression of TOP2A and its clinical implications in glioma.
However, six independent studies have been retrieved from the Oncomine database and observed
that TOP2A exhibits high expression in glioma tissues compared to corresponding normal controls.
These findings were further corroborated in clinical specimens at the protein level
Immunohistochemically analysis revealed a significant correlation between TOP2A overexpression
and parameters such as grade stage, KI67 positivity, IDH1 mutation status, and patient age.[76]

Strong association between elevated TOP2A expression and poor survival outcomes among
glioma patients, whereas silencing of TOP2A hindered glioma cell proliferation and aggressiveness.
Moreover, a direct interaction between TOP2A and p-catenin has been identified, facilitating the
translocation of [-catenin into the nucleus. Mechanistically, TOP2A has been shown to promote
glioma cell growth and invasion in a (3-catenin-dependent manner. Additional significant findings
underscore TOP2A as a crucial activator of the Wnt/B-catenin pathway in glioma, promoting cellular
growth, migration, and invasion.[77] Genomic alterations in HGG have been investigated, along with
their associated transcriptomic patterns. However, via computational analyses and biochemical
assays, the impact of TOP2A variants on enzyme activities was explored. Notably, within a cohort of
135 IDH-wild-type glioblastomas (GBMs), a novel recurrent mutation was identified in the TOP2A
gene, which encodes topoisomerase 2A. Among the four samples harbouring this TOP2A variant,
transcriptomic analyses revealed consistent alterations indicative of splicing dysregulation. The
deleterious TOP2A mutation observed in these GBMs was found to result in transcriptional
deregulation, potentially contributing to the pathology of the disease.[78]

2.2.3. CENPF

Centromere protein F (CENPF) is a human protein encoded by the CENPF gene. Primary
functions include involvement in chromosome segregation during cell division and playing a role in
orienting microtubules to form cellular cilia.[79] During the G2 phase of the cell cycle, CENPF is
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associated with the nuclear matrix. While the cell progresses into late G2, this protein becomes a
component of the kinetochore, which is a disc-shaped protein complex facilitating the attachment of
the centromere of sister chromatids to microtubules, thereby forming the spindle apparatus necessary
for separating the chromatids during cell division. CENPF relocates to the spindle midzone in late
anaphase and during telophase, it localizes to the intercellular bridge. Mutations in CENPF lead to
defective cell division, which is particularly evident during early developmental stages.[80]

In human neuroblastoma cell lines, the knockdown of CENPE leads to a significant inhibition of
cell proliferation both in vitro and in vivo.[81] In the Human Protein Atlas (HPA) database, CENPF
is one of the genes that exhibit substantial protein expression levels. Univariate and multivariate Cox
regression analyses conducted using the CGGA database revealed that only CENPF displayed
independent influencing factors. Gene Set Enrichment Analysis (GSEA) identified CENPF as
significantly enriched in several key pathways, including the cell cycle, P53 signalling, MAPK
signalling, DNA replication, spliceosome, ubiquitin-mediated proteolysis, focal adhesion, cancer
pathways, and glioma pathways. The study revealed a core module strongly associated with glioma
development, with CENPF emerging as a critical gene within this context. These associated signalling
pathways were identified through comprehensive bioinformatics analyses, positioning CENPF as a
potential biomarker candidate in glioma research.[82]

Increased expression of CENPE was observed in GBM tissues, and this upregulation was
correlated with clinical stage and unfavourable overall survival among glioma patients. CENPE
Inhibition of the expression led to the inhibition of proliferation in U251 and U87 cells. Moreover, cell
cycle assays indicated that CENPE primarily regulates the transitions between the G0-G1 and G2/M
phases. The investigation revealed that CENPE regulates GBM proliferation primarily through the
WEE1 G2 checkpoint kinase (WEE1) pathway. It was found that CENPE can bind to WEE], thereby
influencing cell cycle progression and proliferation in GBM cells.[83]

2.2.4. NEK2

Serine/threonine-protein kinase NEK2 is an enzyme encoded by the NEK2 gene in humans.[84]
NEK2 has been demonstrated to interact with MAPK1 and NDC80. NEK2 plays a crucial role in
controlling centrosome separation and bipolar spindle formation during mitosis, as well as chromatin
condensation during meiosis.[85] It achieves this by regulating centrosome separation through the
phosphorylation of centrosome proteins, leading to their displacement from the centrosomes.[86]

NEK2 has been identified as significantly upregulated in GBM, and its higher expression
correlates with a poorer prognosis. The knockdown of NEK2 attenuates cell proliferation, migration,
invasion, and tumorigenesis in GBM, whereas NEK2 overexpression promotes disease progression.
Specifically, NEK2 facilitates GBM progression through the activation of non-canonical NF-xB
signalling. These findings suggest that targeting the NEK2-NF-xB axis could hold promise as a
potential therapeutic strategy for GBM treatment.[87] Elevated expression of NEK2 in glioma is
associated with poor clinical outcomes. Single-cell sequencing of GBM samples has shown that NEK2
is upregulated in a subset of positive neural progenitor cells (P-NPCs). These cells exhibit significant
proliferation and progression properties and are likely to activate G2M checkpoint pathways. NEK2
is crucial in regulating glioblastoma progression by targeting the cell cycle. These findings suggest
the potential for developing novel therapies targeting NEK2 in the treatment of GBM.[88]

Clinically, the expression of NEK2 in patients with glioma is closely associated with EZH2
expression and correlates with a poor prognosis. Additionally, NEK2 expression is significantly
elevated in recurrent tumors after therapeutic failure compared to primary untreated tumors in
matched GBM patients. NEK2 is identified as one of the most differentially expressed kinase-
encoding genes in cultures containing glioma stem cells (GSCs), known as glioma spheres. Thus,
NEK?2 is essential for in vitro clonogenicity and in vivo tumor propagation, conferring radioresistance
and underscoring its critical role in glioma progression and treatment resistance.[89]

2.2.5. ASPM
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The Abnormal spindle-like microcephaly-associated protein, encoded by the ASPM gene in
humans, is located on chromosome 1 at band q31 (1g31).[90] Mutations or defects in the ASPM gene
are associated with autosomal recessive primary microcephaly.[91] The ASPM gene called MCPH5
(Microcephaly Primary Hereditary 5)[92], is the most frequently mutated gene within the
microcephaly family. It plays a crucial role in regulating neurogenesis and determining the size of
the cerebral cortex.[93] Mutations in ASPM are associated with primary microcephaly, a condition
characterized by a significantly reduced head size due to abnormal brain development.[94]
Understanding the function of ASPM is essential for unraveling the mechanisms underlying
neurogenesis and cerebral cortical growth.

ASPM mRNA levels have been notably increased in glioma tissues, with higher ASPM mRNA
expression correlating with a worse disease prognosis. Moreover, ASPM was highly expressed in
glioma cell lines such as U87-MG and U251. Knockdown of ASPM expression in these cells
significantly inhibited proliferation, migration, and invasion abilities and induced G0/G1 phase cell
cycle arrest.[95,96] Furthermore, down-regulation of ASPM suppressed glioma growth in nude mice
models. ASPM promoter was predicted to have five potential binding sites for the transcription
factor FoxM1. Overexpression of FoxM1 led to a significant increase in ASPM expression and
promoted the proliferation and migration of glioma cells. However, this effect was reversed upon
ASPM ablation, suggesting that FoxM1-mediated regulation of ASPM contributes to the oncogenic
properties of glioma cells.[95,97,98]

The expression of ASPM was found to be strongly correlated with tumor grade, exhibiting an
increase in recurrence compared to the initial lesion, regardless of the primary tumor’s initial
grade.[99] However, ASPM expression was observed to increase over serial passages in glioma
spheres in vitro, and in mouse xenografts in vivo. These findings suggest that ASPM is progressively
upregulated during glioma development and recurrence, underscoring its potential as a biomarker
for tumor aggressiveness and progression.[100] ASPM is highly expressed in various tumor cell lines,
suggesting its crucial role in tumorigenesis. Recent studies have demonstrated ASPM overexpression
in malignant gliomas, while its knockdown has been shown to effectively inhibit tumour
proliferation.[101] These findings highlight the potential of ASPM as a therapeutic target in cancer,
particularly malignant gliomas, and emphasize the need for further research into its specific role in
tumorigenesis and therapeutic interventions.

2.2.6. TPX2

The Targeting Protein for Xklp2, encoded by the TPX2 gene in humans, plays a vital role as a
spindle assembly factor during the M phase of the cell cycle.[102] It is essential for initiating the
formation and growth of microtubules[103]. TPX2 features two nuclear localization signal (NLS)
domains, which facilitate its transport to the microtubules. These NLS domains are found at both the
amino-terminal and carboxy-terminal ends of the protein.[104] The presence of these domains is
critical for TPX2’s function in microtubule organization and the assembly of the mitotic spindle
during cell division.[105]

Elevated TPX2 levels have been observed in several glioma cell lines, where it promotes cellular
proliferation, decreases the proportion of cells in the G0/G1 phase[106], and enhances invasive
behavior in U251 and U87 cells. TPX2 is significantly overexpressed in various cancers, including
human malignant astrocytoma, suggesting a potential involvement in tumor progression.[107]
Additionally, as demonstrated by immunohistochemistry and immunofluorescence staining, TPX2
has been localized to the nucleus in astrocytoma tissues. Further analysis using real-time PCR and
Western blotting has shown that TPX2 expression is markedly higher in high-grade astrocytoma
tissues and cell lines compared to low-grade astrocytoma tissues and normal cell line.[108] Research
indicates that TPX2 may facilitate glioma progression by activating the protein kinase B (AKT)
signaling pathway.[109]

2.2.7.PBK
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The PDZ-binding kinase (PBK) gene in humans encodes the Lymph Okine-activated killer T-
cell-originated protein kinase, an enzyme known for its serine/threonine kinase activity and its
association with the dual-specific mitogen-activated protein kinase kinase (MAPKK) family.[110,111]
Research indicates that mitotic phosphorylation is essential for its catalytic function. This kinase,
active during mitosis, likely plays a role in activating lymphoid cells and supporting testicular
functions, potentially contributing to spermatogenesis.[110]

The reduction of PBK gene expression through gene knockdown resulted in decreased cell
viability and sphere formation. Additionally, in one culture, there was an observed increase in
apoptosis. A study focused on identifying and functionally validating PBK proposes that targeting
PBK could be a promising molecular strategy for treating GBM.[112] High expression of the PBK gene
has been observed in glioblastoma samples, correlating with significantly worse survival rates
compared to normal brain samples. This indicates that PBK could serve as a potential prognostic
factor for glioblastoma. Furthermore, targeting PBK may hold promise as a therapeutic strategy for
GBM treatment.[113]

Recently, a chemo radio-resistant oncogenic signature has been identified and validated in GBM,
which includes PBK as one of three key genes. This discovery was made through comprehensive
silica analysis, highlighting PBK’s role as a biomarker with predictive properties. The signature,
consisting of CDK1, PBK, and CHEKI overexpression, is implicated in driving the cell cycle, thus
promoting tumor progression in GBM.[114] Additional independent gene expression datasets have
verified the abnormal expression of PBK in medulloblastoma. Survival analysis revealed a significant
association between higher PBK expression levels and poorer clinical outcomes in non-wingless
medulloblastomas.[115]

2.2.8. RRM2

The RRM2 gene in humans produces the ribonucleoside-diphosphate reductase subunit M2, a
key component of ribonucleotide reductase. This enzyme is crucial for DNA synthesis and repair, as
it catalyzes the conversion of ribonucleotides into deoxyribonucleotides, which are necessary for
DNA replication and repair.[116] The production of RRM2 is carefully controlled and occurs in a cell-
cycle-dependent manner[117], with increased synthesis during the S phase, when DNA replication
takes place. Abnormalities in the expression or function of RRM2 can lead to genomic instability and
are linked to various diseases, including cancer, underscoring its importance in maintaining cellular
stability and offering potential therapeutic targets.[118,119]

Overexpression of the RRM2 gene has been associated with promoting rapid cell proliferation
by increasing the levels of deoxyribonucleotide triphosphates (ANTPs), which can contribute to the
development of various cancers.[120-122] Elevated RRM2 expression has been observed in glioma
tissues, as evidenced by data from The Cancer Genome Atlas (TCGA), Western blot analyses, and
immunohistochemistry. Additionally, higher RRM2 levels are negatively correlated with the survival
of glioma patients. When RRM2 was knocked down using RNA interference (RNAi), RNA
sequencing revealed an upregulation of genes involved in apoptosis, proliferation, cell adhesion, and
the negative regulation of signaling.[123] In vitro experiments using stable transfection techniques to
reduce RRM2 levels revealed specific changes in cell behavior. In an in vivo setting, the reduction of
RRM2 expression led to decreased tumor growth and the suppression of the AKT and ERK1/2
signaling pathways.[124]

These observations suggest that targeting RRM2 could be a promising strategy for glioma
treatment, impacting apoptosis, cell proliferation, and signaling pathways.[125] Silencing RRM2 in
GBM cells significantly reduced their proliferation, invasion, and migration, while increasing
apoptosis. In contrast, RRM2 overexpression enhanced proliferation, migration, and invasion, but
decreased apoptosis in these cells. In vivo, RRM2 overexpression also led to faster tumor growth in
GBM cells. These results collectively highlight RRM2’s role in driving the aggressiveness of
glioblastoma cells by promoting growth and invasive behaviors while suppressing programmed cell
death.[126]
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2.2.9.KIF15

Kinesin family member 15 (KIF15) is a protein encoded by the KIF15 gene in humans. It belongs
to the kinesin superfamily and functions as a motor protein. KIF15 plays a crucial role in maintaining
the separation of half-spindles during cell division by counteracting forces generated by other motor
proteins.[127] KIF15 is expressed in all cells during mitosis and post-mitotic neurons that are actively
growing axons. Its primary function lies in maintaining the bipolar microtubule spindle apparatus
during cell division, and it shares overlapping functions with other kinesin and KIF11.[128] KIF15 is
believed to promote spindle assembly by cross-linking and sliding along microtubules,[129] which
creates separation between centrosomes and contributes to proper spindle formation. This activity is
crucial for ensuring accurate chromosome segregation and cell division.[130]

KIF15 has been found to be significantly upregulated in glioma tumor tissues, demonstrating a
positive correlation with pathological staging, recurrence risk, and unfavorable prognosis. Its
inhibition through silencing techniques has been shown to effectively impede cell proliferation and
stemless in glioma cells, leading to cell cycle arrest in the G2 phase and induction of apoptosis. In
vivo studies have further validated the suppressive effect of KIF15 knockdown on tumor growth.
Mechanistic investigations have elucidated the regulatory role of KIF15 knockdown on apoptosis-
and cell cycle-related proteins, shedding light on its function as a tumor promoter in glioma
progression. Notably, KIF15 emerges as a potential prognostic marker for glioma and a promising
therapeutic target for the development of novel glioma therapies.[131]

Evidence suggests that KIF15 plays a crucial role in glioblastoma progression as a potential
genetic factor. Moreover, elevated expression levels of KIF15 have been observed in GBM tumor
tissues, showing correlations with tumor size, clinical stage, and other relevant clinical features. Upon
knockout of the KIF15 gene, there was a notable suppression in the proliferation capability of
glioblastoma cells. Furthermore, KIF15 was found to promote the growth of glioblastoma tumors in
murine models, underlining its significance in glioblastoma pathogenesis.[132]

2.2.10. ATAD2

The ATPase family AAA domain-containing protein 2 (ATAD2), also referred to as ATPase
proteins, is comprised of approximately 200 amino acids and tends to oligomerize into hexamers over
time. This enzymatic structure harbors ATP binding sites that facilitate the hydrolysis of ATP into
ADP and phosphate ions, liberating energy in the process.[133] These energy stores play a critical
role in sustaining vital biological processes in organisms, including but not limited to DNA
replication, priming, and remodeling; protein synthesis, modification, and degradation; as well as
the transport of nutrients and metabolites.[134] garnered attention as a recently identified oncogene
tightly linked with epigenetic alterations in various human cancers.[135,136] Acting as a coactivator
for transcription factors, ATAD2 plays a role in epigenetic modifications and can modulate the
expression of downstream oncogenes or tumor suppressors, potentially in collaboration with
enhancer of zest homologue 2 (EZH2). The close association between ATAD?2 and cancer has emerged
as a prominent research focus, highlighting the significant implications of ATPase-related
mechanisms in cancer biology.[137]

The upregulation of ATAD2 through exogenous overexpression significantly increased the
expression of PLK4 in GBM cells. This mechanistic link suggests that ATAD2-dependent
transcriptional regulation of PLK4 contributes to enhanced cell proliferation and tumorigenesis, as
indicated by recent research findings.[138] The exogenous ATAD?2 can lead to a substantial increase
in the expression levels of Polo-like kinase 4 (PLK4), thereby promoting the initiation of GBM and its
resistance to radiation therapy. This reveals that ATAD2 might play a pivotal role as a regulator of
PLK4 transcription in GBM, influencing its oncogenic and therapeutic resistance properties.[139]

Table 4. Summary of the main updated studies.
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Table 4: Summary of recent key studies related to ten hub genes involved in HGG and LGG progression,
highlighting their potential roles as biomarkers and therapeutic targets in glioma.

3. Summary and Discussion

Distinguishing between LGG and HGG patients poses a significant challenge for researchers in
formulating effective evaluation and treatment strategies.[140] Previous investigations have
employed several handcrafted features extracted from laboratory data, specifically focusing on tumor
texture and volume, to categorize tissues as either LGG or HGG.[141] Glioma, constituting
approximately 70-80% of malignancies in the CNS, stands as the most prevalent primary brain
tumor.[142] Among patients diagnosed with LGG, the median overall survival time is approximately
7 years.[143] Alternatively, for HGG this period reduces to approximately 18 months.[144] These
statistics underscore the varying prognosis associated with different grades of glioma.

The objective of our study was to accurately identify hub genes associated with LGG and HGG
using software tools like R Studio and Cytoscape, focusing specifically on a subset of 249 intersecting
genes. We analysed the datasets GSE50161 and GSE107850 (as detailed in the Table 1) to determine
the up- and down-regulated DEGs for both HGG and LGG. Our analysis revealed that LGG samples
exhibit a greater number of up- and down-regulated genes compared to HGG samples, and that both
disease groups show more significant gene regulation than the control groups. Using Venn analysis,
we identified a list of intersecting genes, which were subsequently analyzed in Cytoscape to
determine the most highly expressed genes, termed “hub genes,” among LGG and HGG samples.
The identified hub genes (CCNB1, TOP2A, CENPF, NEK2, ASPM, TPX2, PBK, RRM2, KIF15, and
ATAD?2) were notable for having the highest expression scores and the most connections within the
gene network.

We undertook a thorough systemic review of 72 studies (as described in Figure 5 — PRISMA
flow chart) to assess the most recent advancements regarding the ten hub genes identified in our
analysis. This review demonstrated that many of these genes show a robust positive correlation with
glioma, with some playing critical roles in therapy. Specifically, CCNB1, TOP2A, CENPF, NEK2,
ASPM, PBK, and KIF15 were found to be highly correlated with HGG, showing increased expression
during crucial processes such as cell division, proliferation, progression, and apoptosis in glioma
cells. In contrast, TPX2 and RRM?2 exhibited weaker correlations and were predominantly expressed
in LGG. Furthermore, ATAD?2, the lowest-ranked gene in our analysis, displayed a weak and indirect
association with glioma progression and proliferation. Our review also highlighted that targeting the
hub genes CCNB1, TOP2A, CENPF, NEK2, ASPM, PBK, and KIF15 holds significant therapeutic
potential. Among these, NEK2, ASPM, and KIF15 have been particularly noted for their potential as
prognostic markers in glioma therapy, suggesting that interventions aimed at these genes could offer
promising strategies for treating glioma. However, Gene Mania analysis (Figure 4) revealed that
CCNB1, CENPF, NEK2, and TPX2 are particularly prominent in biological functions related to cell
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division and the mitotic cycle. This suggests that these genes may play a crucial role in mutations and
progression during glioma development.

The discovery of key hub genes in glioma, such as NEK2, ASPM, and KIF15, presents promising
opportunities for future research and therapeutic development. Understanding the molecular
mechanisms by which these genes drive glioma progression is essential. Techniques like CRISPR-
Cas9, RNA interference, and small molecule inhibitors should be explored in preclinical models to
assess their potential. Large-scale clinical trials are needed to evaluate the efficacy and safety of
targeting these genes. Additionally, integrating bioinformatics with genomics and personalized
medicine could refine therapeutic approaches, leading to more effective treatments and improved
outcomes for glioma patients.

4. Conclusion

This study highlights the critical challenge of distinguishing between low-grade gliomas (LGG)
and high-grade gliomas (HGG), a distinction crucial for effective diagnosis and treatment. Key genes
such as CCNB1, TOP2A, CENPF, NEK2, ASPM, PBK, and KIF15 are strongly linked to glioma
progression, particularly in LGG. Gene Mania analysis confirmed the central roles of CCNB1,
CENPF, NEK2, and TPX2 in cell division and mitosis, making them promising therapeutic targets.

Future research should explore the molecular mechanisms of these genes in glioma pathogenesis
using advanced techniques like CRISPR-Cas9 and RNA interference. Clinical trials are necessary to
assess the efficacy of targeting these hub genes. Integrating bioinformatics with functional genomics
and personalized medicine will enhance the development of targeted therapies, potentially
improving outcomes for glioma patients.
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