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Abstract 

Aim. The aim of this study is to identify differential gene expression for glioblastoma tumor cells, 

normoxic and hypoxic glioblastoma stem-like cell lines. Finding the upregulated and downregulated 

gene and pathway interactions. Analysis to find the differential expression genes and pathway 

interactions. Materials and methods. The gene expression profiling data from the microarray 

dataset GSE45117 from the Gene Expression Omnibus (GEO) database, as well as differentially 

expressed genes (DEGs) between the 2 categories, are used in this analysis. 4 Samples of 

Glioblastoma tumors were considered as group 1 and 4 samples of normoxic and Hypoxic 

glioblastoma stem-like cell lines were considered as group 2 in the GEO2R web tool that has been 

used to screen them. Results. The gene-gene interactions among the DEGs and the GGI network 

with 37 nodes and 13 edges. The stem-cell-like cell lines showed lower expression of                

endothelin-related genes such as EDN3 and EDNRA along with dysregulation of enzymes such as 

PDK1, PGK1 which points to dysregulation of cellular respiratory pathways. This effect in 

consensus with under expression of cell attachment genes such as COL2A1, COL5A2, COL15A1 

denotes a strong shift toward metastasis. Conclusion. Thus, a computational pipeline for identifying 

the significant genes and pathways involved in the glioblastoma tumors and glioblastoma stem-like 

cell lines. This study provides a path towards discovering potential leads for the treatment of 

glioblastoma and aids in comprehending the underlying novel molecular mechanisms. 
 

Key-words: Glioblastoma Cancer, Cancer Stem Cells, Cultured Cell Lines, Gene Expression, Gene 

Enrichment, Novel Molecular Markers, Molecular Biology, Genetic Analysis, Gene Expression. 
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1. Introduction 

 

Glioblastoma cancer is the most common disease caused in the human brain (Ohgaki and 

Kleihues 2013). Cancer refers to neoplastic cells that appear to be immune and have a large 

clonogenic potential are called cancer stem cells. Glioblastoma stem-like cells can be successfully 

propagated in the media after being isolated from freshly resected human GBM (Bar et al. 2010). In 

this study, we'll aim for genes that influence cells and whether there's a way to treat them so that they 

don't progress as rapidly. We'll then analyze the pathway interactions in the cause of genes (Yi et al. 

2016). In today's world, there are still no curative therapeutic options for glioblastoma, and the 

survival rate of patients who are diagnosed is very low. Identification of proteins and pathways 

involved in chemotherapeutic resistance detection using genomic and proteomic analysis (Shergalis et 

al. 2018). To determine differences in expression levels of glioblastoma cancer cells and normoxic 

stem-like cell lines. To identify the genetic markers for tumor differentiation. A study on biological 

processes which have been significantly altered of glioblastoma. 

The metabolic linkage between the pentose phosphate pathway and glycolysis has also been 

found in glioblastoma stem-like cells (Kathagen et al. 2013). Cancer cells use glycolysis energy for 

rapid cell division. The research shows the FLK-1 provides a major role in the formation of VM in 

GBM. This study has shed light on modulating tumor aggressiveness and has also provided a basis 

for future research. Treatment (Francescone et al. 2012). The clinical role of SOX2 and new findings 

that may provide novel clinical applications for SOX2 as a prognostic marker, an indicator of 

metastasis, biomarker, or potential therapeutic target in some cancer types (Weina and Utikal 2014). 

Glioblastoma genes activated by Zeb1 are predicted to be tumor migration and invasion mediators, 

including the guanine nucleotide exchange factor Prex1, whose signaling pathway indicates shorter 

glioblastoma patient survival. (Rosmaninho et al. 2018). 

Previously our team has a rich experience in working on various research projects across 

multiple disciplines (Sathish and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S.R. 

Samuel, Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M.S. Samuel et al. 2019; Venu, 

Subramani, and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 2019; 

Krishnaswamy et al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh et al. 

2019; Ke et al. 2019; Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the 

growing trend in this area motivated us to pursue this project. 
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The Lacunae in this current study is that microarray data is available but no analysis is 

performed. Microarray gene expression data for glioblastoma tumor cells and stem-like cells are 

available for gene interactions. To identify differential gene expression for glioblastoma tumor cells 

and stem-like cells to find out upregulated downregulated gene interactions among them. Understand 

Functional Enrichment among genes of glioblastoma tumor and glioblastoma stem-like cells. They 

are obtained from microarray-based on the glioblastoma stem-like cells line which is used to find the 

differentially expressed genes. The samples are collected based on the tumor cells and tumor              

stem-like cells line (Normoxic and Hypoxic in 48 hrs) to identify differentially expressed genes. The 

methods used in bioinformatics to find out the identifying gene, and regulatory pathways associated 

networks in GBM disease. It provides the idea for explaining the molecular pathways underlying 

GBM and identifying diagnostic and therapeutic targets. In this study, we first assembled a list of 

genes linked to GBM from the GEo dataset (ID GSE45117). Then we use the Gene- Gene 

interactions (STRING), Funrich, cytohubba, and Cluego tools to perform bioinformatics analysis on 

these genes. This study aims to find out whether genes are expressed differently in glioblastoma 

tumor cells, normoxic and hypoxic glioblastoma stem-like cell lines. Identifying the interactions 

involving upregulated and downregulated genes and pathways. Identifying differential expression and 

pathway interactions. 

 

2. Materials and Methods 

 

2.1. Dataset 

 

Table 1- The sample groups in GSE45117 were procured from the Gene Omnibus Expression database 

S. 

No 

No. of 

samples 
Accession Title Source name Cell type 

1 4 

GSM109744 Tumor 10 Glioblastoma Tumor 10 Glioblastoma Tumor 

GSM109744 Tumor 11 Glioblastoma Tumor 11 Glioblastoma Tumor 

GSM109744 Tumor 12 Glioblastoma Tumor 12 Glioblastoma Tumor 

GSM109744 Tumor 13 Glioblastoma Tumor 13 Glioblastoma Tumor 

2 4 GSM109745 

Normoxic 

Glioblastoma 10 

Stem-like cell line 

Normoxic Glioblastoma 

Stem-like cell line 

derived from tumor 10 

Normoxic Glioblastoma 

Stem-like cell line 

derived from tumor 10 

3 4 GSM109745 

Normoxic 

Glioblastoma 11 

Stem-like cell line,  

Normoxic Glioblastoma 

Stem-like cell line 

derived from tumor 11,  

Normoxic Glioblastoma 

Stem-like cell line 

derived from tumor 11 
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GEO – Gene expression omnibus is the freely distributed microarray and high throughput 

functional genomic data. The array Data and gene expression microarray array analysis dataset of 

GSE45117 were taken from the GEO database (Table. 1). GSE45117 contains 2 samples of 

(Glioblastoma tumor 4, normoxic, Normoxic cell lines exposed to hypoxia for 48 hrs 2, Hypoxic, 

hypoxic cell lines exposed to normoxic for 48 hrs). The GEOdatabase is classified based on the four 

groups of samples (g1 and g2). 

 

2.2. Identification of Significant Genes 

 

Significant genes are classified based on 0.05 <p value which is greater than 0.05 are taken as 

significant genes. 

 

2.3. Classification of Upregulated and Downregulated Genes 

 

Significant genes are regulated based on up-regulated and down-regulated genes. Upregulate 

as >+3 and down-regulated as < -3. 

 

2.4. Gene- Gene Interaction 

 

For Gene-Gene interaction common genes are taken from the upregulated and downregulated. 

These common genes copy to the STRING database. 

 

2.5. Gene Enrichment Analysis 

 

STRING database the common genes are paste in the multiple proteins and homo sapiens as 

selected for function. The string interaction shows between the two co-expression genes (Mering and 

v. Mering 2003). 

 

2.6. Refined Gene Enrichment Analysis 

 

Gene enrichment analysis is used by Funrich. In Funrich all common genes are pasted in the 

data. Funrich analysis can be depicted graphically in the form of a bar chart. It has 9 types of 

enrichment analysis: cellular component, molecular function, biological process, biological pathway, 
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protein domain, site of expression, transcription factor, clinical phenotype, and COSMIC (Fonseka et 

al. 2020). 

 

2.7. Overall Gene Enrichment 

 

Cytoscape is complex visualizing molecular interaction networks and biological pathways. 

The string interaction is downloaded in tsv file format. The file is uploaded into Cytoscape and 

applies the function of CluePedia (ClueGO). CluePedia Cytoscape is used for finding out the 

pathways and to calculate the linear and nonlinear data of pathways. In CluePedia we have 

Ontologies/pathways, Clinvar, Corum-Corum, Chromosomal location, Biological pathways, Cellular 

component, Immune system process, Molecular function, Protein domains, KEGG, Reactome, 

Wikipathways (Shannon 2003). 

 

2.8. Hub-Genes Identification (Cytohubba) 

 

Cytohubba is the biological network that analyzes the network to find the hub genes in the 

network. Cytohubba is classified into topological and centralities. topological is classified into 10 

types and centralities as 6 types. The file is uploaded in Cytohubba and the top 10 genes are selected. 

MCC is selected for network gene analysis (Chin et al. 2014). 

 

2.9. Cluepedia /ClueGo 

 

Cluepedia calculates the statistical value for linear and nonlinear between variables. 

Correlation for markers and to data. Pearson correlation, spearman's rank, Distance correlation, and 

maximal information coefficient (MIC). String node file is uploaded in the cluepedia for 

analysis(Shannon 2003; Chin et al. 2014; Bindea et al. 2009). 

 

3. Results 

 

3.1. Identification of DEGs from the Dataset 

 

The gene expression profiles from the GSE45117 dataset from the GEO database have been 

used in our research. We obtained the differentially expressed genes (DEGs) from the dataset by 

comparing tumor samples with stem-like cell line samples using the GEO2R online platform.               
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P-values and | log2FC| values are determined. The Rstudio web server shiny volt has been used to 

build a volcano plot (Fig. 1 and Fig. 2). 

 

Fig. 1- Venn Diagram Representing the Common DEGs between Group 1 and Group 2, Out of Total Genes. An Adjusted p-Value 

(Padj<0.05) was Used and a Total of 32287 Genes were Found to be Common between the Groups. (g1: Tumor Cells, g2: Stem-

like Cell Lines) 

 

 

Fig. 2- Volcano Plot Showing Differentially Expressed Genes between Glioblastoma Tumors and Culture Stem-Cell-like Cells. 

Red: Overexpressed in Cultured Cell Line and Blue: Overexpressed in TUMOR CELLS 

 

 

3.2. Gene-Gene Interaction 

 

We simulated gene interactions using the STRING tool and plotted them using Cytoscape to 

evaluate the gene-gene interactions among the DEGs and the GGI network with 37 nodes and 13 

edges (Fig.3). In this Fig. 3, we have found the co-expression genes were identified. 
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Fig. 3- STRING Showing Possible Interactions of Differentially Expressed Genes between Glioblastoma Tumor and Culture  

Stem-Cell-like Cells 

 

 

3.3. Refine Gene Enrichment Analysis 
 

FUNRICH is the bioinformatics tool that is used to find out the genome, transcriptome, 

proteome, and metabolome of various systems (Shannon 2003). In the FunRich analysis common 

genes are identified 11 genes located in the extracellular region, 3 genes involved in the catalytic, 3 

genes involved in the extracellular matrix structural constituent, 8 genes involved in the cell 

communication, 8 genes involved in the signal transduction, 6 genes involved in the integrin family 

cell surface interactions, 6 genes involved in the Beta 1 integrin cell surface interactions, 6 genes 

involved in the Endothelins, 17 genes involved in the signal peptide, 33 genes involved in the 

HUVEC , 12 genes involved in the SP1, 7 genes are involved in the Central nervous system, 36 genes 

involved in the large intestine. This data is represented in Table 2. 
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Table 2- Funrich Analysis is Done by Using Significant Genes Identified from GEO2R Analysis 

Analysis Analysis detail 
No.of genes in the 

dataset 

Cellular component Extracellular 11 

Molecular function 
Catalytic Activity, Extracellular matrix 

structural constituent 
3 

Biological process Cell communication, Signal transduction 8 

Biological pathway 
Integrin family cell surface interactions, Beta1 

integrin cell surface interactions, Endothelins 
6 

Protein domain  signal peptide 17 

Site of expression  HUVEC 33 

Transcription factor SP1 12 

Clinical phenotype Central Nervous System 7 

COSMIC large intestine 36 

 

3.4. Hub Genes Classification 

 

Fig. 4- HUB Genes Identification Using (a) Cytohubba Analysis was Performed to Identify the Gene Network from STRING 

Interactions. The Analysis Produced EDN3, EDNRA, CXCL10, COL5A2, PDK1, PGK1, COL15A1, COL2A1, and BDNF Genes 

as Highly Interacting Gene Clusters 
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DEGs are represented as nodes, and DEG interactions are represented as edges. The densely 

connected regions within the gene network were identified using the Cytoscape CYTOHUBBA 

plugin. As a result, we can extract the DEGs gene network's top ten significant clusters (Fig. 4).  

 

3.5. Cluepedia /ClueGo 

 

Cluepedia calculates the statistical value for linear and nonlinear between variables. 

Correlation for markers and to data. Pearson correlation, spearman's rank, Distance correlation, and 

maximal information coefficient (MIC). The string node file is uploaded in the cluepedia for analysis 

(Fig. 5). 

 

Fig. 5- Pathway Interaction between the Genes by Using the HUB Gene as Input in Cluepedia 

 

 

4. Discussion 

 

In this study, we observed the significant genes, upregulated and downregulated genes from 

the GEO database. The total number of significant genes present in the data is 33973 by the cutoff 

value (P>0.05), a total number of upregulated genes are present 19 (logFc>3) and downregulated 

genes are 25 (logFc<-3). The string interactions observed among the upregulated and downregulated 

genes are combined. 7 interactions were observed in a string (EDN3-EDNRA, HELLS-ASPM, 

PDK1-PGK, COL2A1-COL5A2, COL5A2-EMP3, BDNF-GAD1, GAD1- ALDH1A3). Funrich 
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analyses are done where 35.5% of genes are present in extracellular components. Cytohubba analysis 

was performed to identify the gene network from STRING interactions. The analysis produced 

EDN3, EDNRA, CXCL10, COL5A2, PDK1, PGK1, COL15A1, COL2A1, and BDNF genes as 

highly interacting gene clusters. Pathway interaction between the genes by using the HUB gene as 

input in Cluepedia. 

The gene-gene interactions among the DEGs and the GGI network with 37 nodes and 13 

edges. The strong interaction between the pathways END3 and EDNRA gene as the common 

pathway Peptide ligand-binding receptors, COL2A1, COL15A1, COL5A2 gene as the common 

pathway Collagen chain trimerization. In the FunRich analysis common genes are identified 11 genes 

located in the extracellular region, 3 genes involved in the catalytic, 3 genes involved in the 

extracellular matrix structural constituent, 8 genes involved in the cell communication, 8 genes 

involved in the signal transduction, 6 genes involved in the integrin family cell surface interactions, 6 

genes involved in the Beta 1 integrin cell surface interactions, 6 genes involved in the Endothelins, 17 

genes involved in the signal peptide, 33 genes involved in the HUVEC , 12 genes involved in the 

SP1, 7 genes are involved in the Central nervous system, 36 genes involved in the large intestine. 

Funrich analysis are done where 35.5% of genes are present in extracellular components. Cytohubba 

analysis was performed to identify the gene network from STRING interactions. The analysis 

produced EDN3, EDNRA, CXCL10, COL5A2, PDK1, PGK1, COL15A1, COL2A1, and BDNF 

genes as highly interacting gene clusters. The common pathways which are related to the disease are 

END3, EDNRA, COL2A1, COL15A1, and COL5A2. 

The upregulated gene is EDN3- The interaction of genetic markers with anatomic clinical and 

histopathological types in Hirschsprung’s disease (Benucci et al. 2001).EDNRA- Exercise-induced 

decreases in arterial stiffness in older people are regulated by mutations in endothelin-related genes. 

(Iemitsu et al. 2006). CXCL10 -Both human and viral interleukin regulate production from 

cytomegalovirus-stimulated microglia. (Cheeran et al. 2003). COL5A2 -Sequence analysis of 

COL5A2 gene in patients with spontaneous cervical artery diseases(Grond-Ginsbach et al. 2002). The 

downregulated genes are GAD1-Glutamate decarboxylase 1 as a candidate gene for autism: a 

population-based correlation study, (Buttenschøn et al. 2009) COL2A1 - Clinical outcome of 

congenital toxoplasmosis is based on genetic and epigenetic conditions at COL2A1 and ABCA4. 

(Jamieson et al. 2008). COL15A1-The human angiogenesis inhibitors restin and endostatin have new 

endogenous proteolytic types which have been identified and characterized. (John et al. 2005). 

PGK1-The promoter region of the human X-linked 3-phosphoglycerate kinase gene has also been 
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sequenced. (Singer-Sam et al. 1984). PDK1-The human pyruvate dehydrogenase kinase gene family 

is complex. (Gudi et al. 1995). Pathway interaction between the genes by using the HUB gene as 

input in Cluepedia. The stem-cell-like cell lines showed lower expression of endothelin-related genes 

such as EDN3 and EDNRA along with dysregulation of enzymes such as PDK1, PGK1 which points 

to dysregulation of cellular respiratory pathways. This effect in consensus with under expression of 

cell attachment genes such as COL2A1, COL5A2, COL15A1 denotes a strong shift toward 

metastasis. The outcome of this study suggests that the cancer-like cell population causes 

dysregulation of the respiratory pathway and increased metastasis thereby adversely affects 

therapeutic strategies. 

Characterization of gene expression, genomic structure, and chromosomal localization of 

HELLS (Geiman, Durum, and Muegge 1998). Proliferation-associated SNF2-like gene (PASG): an 

SNF2 family member altered in leukemia(Lee et al. 2000). Mutations in ALDH1A3 represent a 

frequent cause of microphthalmia/anophthalmia in consanguineous families (Abouzeid et al. 2014). 

Protein-truncating mutations in ASPM cause variable reduction in brain size (Bond et al. 2003). 

Genomic organization of the human COL3A1 and COL5A2 genes: COL5A2 has evolved differently 

than the other minor fibrillar collagen genes (Välkkilä et al. 2001). The effect of depression, BDNF 

gene val66met polymorphism, and gender on serum BDNF levels (Ozan et al. 2010). GABA 

production by glutamic acid decarboxylase is regulated by a dynamic catalytic loop (Fenalti et al. 

2007). 

Our institution is passionate about high quality evidence based research and has excelled in 

various fields ((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019; 

Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018; 

Ramadurai et al. 2019). We hope this study adds to this rich legacy. 

The major limitation of our study is that these genes and pathways need to be confirmed by 

wet lab techniques such as western blot and RT-PCR before they can be clinically applied. This study 

provides a pathway towards discovering potential leads for the treatments of glioblastoma in 

comprehending the underlying molecular mechanisms. 

 

5. Conclusion 

 

Glioblastoma cancer is the most common type of brain cancer. Cancer can be defined as 

neoplastic cells that appear immune and have a high clonogenic potential. Are known as cancer stem 
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cells. After being isolated from recently resected human GBM, glioblastoma stem-like cells can be 

successfully propagated in the media. The significant genes are identified by upregulated and 

downregulated genes. Gene interactions are identified in the string database. Enrichment of genes is 

identified in Funrich. Hub genes are identified in cytohubba and pathway interactions are identified in 

cluepedia. The computational pipeline for identifying the significant genes and pathways involved in 

the glioblastoma tumors and glioblastoma stem-like cell lines. This study provides a path towards 

discovering potential leads for the treatment of glioblastoma and aids in comprehending the 

underlying novel molecular mechanisms. 
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