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PREDICTION OF PECILOCIN AS A POTENTIAL 

THERAPEUTIC REGIME IN COUNTERING GLIOBLASTOMA 

USING COMPUTATIONAL APPROACH 

 

ABSTRACT 

The utmost detrimental form of brain cancer is glioblastoma. Current GBM survival 

rates are around two years because of fast cellular migration and genetically 

programmed therapeutic escape mechanisms. GBM has been considered to originate 

in central nervous system (CNS) neuroglia cells. Glioma stem cells (GSCs) have also 

been found in several studies, a small subset of tumor-initiating and tumor-propagating 

cells with features similar to neural stem cells. This study aims to identify genetic 

markers associated with GBM survival by analyzing publicly available gene 

expression and clinical data from the Gene Expression Omnibus (GEO) datasets. 

The differential expression genes (DEGs) among mutant and normal groups were 

identified, and their survival rates in patients were evaluated. Additionally, enrichment 

analysis using Enrichr and protein-protein interaction (PPI) were executed to 

determine significance of these genes. Through the analysis of the GDC Data portal, 

seven genes (GRIN2A, BCL11A, CAMTA1, ERBB3, WIF1, HLF, and CHN1) were 

identified as having a substantial impact on GBM development. Furthermore, docking 

research showed the interaction among natural substances and CAMTA1 protein, 

revealing a strong affinity between them. The ADME/T study highlighted the probable 

of Pecilocin as a glioblastoma therapy option.  

The dissertation's outline includes an introduction that provides background 

information on GBM and its current treatment challenges, followed by a literature 

review that covers various aspects of GBM. The materials and methods section 
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describes the datasets used to identify DEGs and the workflow followed for data 

analysis of GBM patient. The results and discussion section presents the findings of 

sequence similarity analysis, target receptor structures, and the analysis of receptor-

ligand interactions. In conclusion, this study identifies potential genetic markers 

associated with GBM survival and highlights Pecilocin as a promising therapeutic 

option. The research provides insights into the molecular mechanisms underlying 

GBM and opens avenues for further investigation in the field. The dissertation 

emphasizes the importance of understanding GBM biology to develop effective 

treatments and improve patient outcomes.   

 

Keywords: Glioblastoma, Datasets, Differential expression genes, Biomarkers, GBM 

survival, CAMTA1, Pecilocin 
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CHAPTER– 1 

INTRODUCTION 

 

1.1 BACKGROUND 

 

About 60% of adult brain tumors are caused by the prevalent and severe primary 

malignant brain tumor glioblastoma multiforme (GBM) [1]. GBM is the utmost 

prevalent and devastating form of tumor, presenting significant challenges in 

treatment. Despite advancements in medical science, the prognosis for GBM patients 

remains poor, emphasizing the need for improved therapeutic options. GBM is 

primarily driven by genetic mutations, which are primarily responsible for tumor 

formation and progression. Understanding the genetic markers responsible for GBM 

survival is essential for identifying potential targets for therapy. Treatment for GBMs 

is extremely difficult due to their extreme invasiveness and tendency to metastasize to 

other parts of the brain. Radiation therapy, chemotherapy, and surgical removal are the 

current accepted treatments for GBM [2]. Unfortunately, these treatments tend to have 

short-term effects, and most GBM patients eventually succumb away from the illness. 

It is believed that environmental as well as genetic factors contribute to the 

development of GBM [3]. 

Genetic modifications, for instance those in the TP53, EGFR, and IDH1 genes, are 

linked to GBM [4]. Furthermore, the development of GBM has been linked to a 

number of environmental variables, including exposure to ionising radiation, particular 

chemicals, and particular viruses [5]. The goal of recent research has been to find novel 

genetic targets for GBM treatment. Gene-directed therapy, which entails focusing on 

particular genes responsible for GBM cell growth and dissemination, is one potential
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strategy. Although gene-directed therapy has showed promise in clinical studies, 

further study is required to create more powerful cures [6]. 

In addition to gene-directed therapy, other promising approaches for GBM treatment 

include immunotherapy and targeted therapy. Utilising the body's own immune 

system, immunotherapy contests cancer cells, while targeted therapy employs drugs 

that specifically target molecules present on cancer cells. Both immunotherapy and 

targeted therapy have demonstrated some success in clinical trials, but additional 

research is essential to improve their efficacy [7]. The pursuit of novel treatments for 

GBM remains an active area of research. Through ongoing investigations, it is hoped 

that new therapies will be developed to enhance the survival rates of GBM patients 

while providing improved quality of life. 

In current trends, the advent of high output technologies has enabled the collection of 

large-scale gene expression datasets, providing valuable resources to study the 

prognosis and molecular features of patient. The NCBI-GEO is widely used repository 

that offers publicly accessible data on GBM patients. By analyzing these datasets, 

researchers can identify DEGs and investigate their potential role in GBM. 

 

1.2 Problem Statement 

 

Despite numerous efforts, treating GBM remains a significant challenge due to its 

aggressive nature and limited treatment options Standard-of-care treatment usually 

entails surgical excision of the tumour, proceeded by radiation therapy and 

temozolomide chemotherapy [8]. However, the development of resistance and tumor 

recurrence are common, leading to poor patient outcomes. As a result, it is imperative 

to find new therapeutic targets and GBM strategies for treatment. 
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1.3 Objectives of the Study 

 

The primary impartial of this finding is to utilize a bioinformatic approach to 

investigate gene expression signatures and potential targets for GBM. The objectives 

are: 

[1] To collect microarray expressed datasets for GBM from the NCBI-GEO. 

[2] To identify DEGs by comparing gene expression profiles of GBM tumors with 

normal brain tissues. 

[3] To perform enrichment analysis of the DEGs using KEGG pathway and GO 

analysis, providing understandings for the biological processes and molecular 

pathways interlinked with GBM. 

[4] To analyze protein-protein interactions (PPI) among the DEGs to identify 

potential protein interactions and networks involved in GBM. 

[5] To evaluate the survival significance of the DEGs by analyzing their association 

with patient survival using the GDC Data Portal. 

[6] To investigate the potential of natural substance Pecilocin as a glioblastoma 

therapy option through molecular docking studies, assessing its affinity for the 

CAMTA1 protein. 

[7] To conduct ADMET analysis to assess drug-like properties of potential 

candidates, including Pecilocin. 

By achieving these objectives, this finding aims to contribute to the understanding of 

GBM at molecular level, identify potential therapeutic targets, and explore the efficacy 

of Pecilocin as a novel treatment option. 
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In conclusion, this chapter provided an introduction to the background of GBM, 

highlighting the challenges in its treatment and the importance of identifying genetic 

markers for GBM survival. The problem statement emphasized the need for improved 

therapeutic options, and the objectives of the study were outlined to address these 

challenges. In the following chapters, the methodology, results, discussion, and 

conclusion of the study will be presented in detail, shedding light on potential 

advancements in GBM treatment using a bioinformatic approach. 
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CHAPTER- 2 

LITERATURE REVIEW 

 

2.1 GBM Disease - Outline to Prevalence, Causes, and Pathophysiology 

 

2.1.1 Prevalence and Causes 

 

GBM is exceedingly prevalent and destructive brain tumor, accounting for the 

common of malignant brain tumors in adults. The occurrence of GBM is believed to 

be roughly 3 per 100,000 people, with an older age group having a higher prevalence 

[9]. The precise origins of GBM are unknown, however various risk factors have been 

discovered. These include exposure to ionizing radiation, certain genetic syndromes, 

and prior history of brain tumors or neurosurgery [10]. Additionally, certain genetic 

mutations and alterations subsidize to the development and progression of GBM. 

 

2.1.2 Genetic Basis of GBM 

 

Genetic alterations show a crucial role in the pathogenesis of GBM. The most 

prevalent genetic mutation seen in GBM is chromosome 10 loss of heterozygozity 

(LOH), which results in the inactivation of the tumour suppressor gene PTEN 

(phosphatase and tensin homolog) [11]. PTEN is tangled in cell growth and survival, 

and its inactivation leads to uncontrolled cell proliferation and tumor formation. 

Another frequently observed genetic alteration is the extension of the EGFR gene, 
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resulting in over secretion of the EGFR protein. EGFR over expression promotes cell 

growth, contributing to the aggressive nature of GBM [12]. 

In addition to PTEN and EGFR, other genetic alterations have also been identified in 

GBM. These include alterations in TP53, which codes for the tumor suppressor protein 

p53, controls the cell cycle and repairs DNA [13]. The loss of p53 function allows for 

the accumulation of further genetic alterations and promotes tumor growth. Other 

genetic mutations commonly found in GBM involve the genes encoding IDH1 and 

IDH2. Alterations in these genes result in the abnormal production of the metabolite 

2-hydroxyglutarate, leading to epigenetic changes and altered cellular metabolism 

[14]. 

Understanding the genetic basis of GBM is critical to uncovering new therapeutic 

targets. Targeted therapies aimed at specific genetic alterations have shown promise in 

preclinical and clinical studies, highlighting the importance of personalized medicine 

approaches for GBM treatment. 

 

2.2 Overview of Previous Studies on GBM Biomarkers and Therapeutic Targets 

 

Numerous studies have been conducted to identify biomarkers and therapeutic targets 

for GBM. The availability of large-scale gene expression datasets has aided in the 

discovery of differentially expressed genes (DEGs) linked to GBM. Through 

bioinformatic analysis, these studies have acknowledged DEGs that play perilous roles 

in GBM development, and patient survival. 

Functional enrichment analysis of DEGs has provided understandings for biological 

processes and molecular pathways interlinked with GBM. KEGG pathway analysis 

has revealed the involvement of various pathways, including the PI3K-Akt signaling 
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pathway, focal adhesion, and cell cycle regulation, in GBM pathogenesis [15]. 

Additionally, Gene Ontology (GO) analysis has highlighted the significance of 

biological processes such as cell proliferation, angiogenesis, and immune response in 

GBM. 

Protein-protein interaction (PPI) network analysis has further expanded our 

understanding of the molecular interactions and networks involved in GBM. By 

examining the physical and functional associations between proteins, PPI analysis has 

identified key hubs and modules within the network, providing potential targets for 

therapeutic intervention [16]. 

Moreover, survival analysis has been executed to evaluate the forecasting of DEGs in 

GBM. These studies have identified genes whose expression levels are associated with 

patient survival, providing potential biomarkers for predicting prognosis and response 

to treatment. 

 

2.3 Potential Therapeutic Targets and Treatment Strategies 

 

The identification of potential therapeutic targets is crucial for developing effective 

treatment strategies for GBM. Several targets have been proposed based on previous 

studies. 

The EGFR pathway, which is typically affected in GBM, is one expected target. 

Preclinical studies have showed potential for EGFR inhibitors like erlotinib and 

gefitinib [17]. Additionally, inhibitors targeting downstream signaling molecules, such 

as PI3K and mTOR, have demonstrated efficacy in inhibiting GBM cell growth and 

survival [18].  
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An additional potential target is VEGF pathway, which is decisive for the angiogenesis 

of tumors. Anti-VEGF agents, including bevacizumab, have been investigated in 

clinical trials and have shown some clinical benefit, particularly in terms of reducing 

tumor size and edema [19]. 

Immunotherapy approaches have also gained attention in GBM treatment. Strategies 

that target immune checkpoint molecules, like CTLA-4 and PD-1, have demonstrated 

efficacy in treating other cancer types and are currently being investigated for use in 

GBM [20]. Additionally, adoptive cell-based therapies are being researched as 

potential GBM treatments, with chimeric antigen receptor (CAR) T-cell therapy [21] 

Additionally, molecular targeted therapies aimed at specific genetic alterations, such 

as IDH1 mutations, are being explored. Small molecule inhibitors targeting mutant 

IDH1 have shown promise in pre-clinical models and are used in clinical trials [22]. 

 

2.4 Limitations and Gaps in the Literature 

 

Despite the progress made in identifying potential biomarkers and therapeutic targets 

for GBM, several challenges and gaps in the literature remain. One limitation is the 

heterogeneity of GBM, both at the genomic and cellular levels [23]. This heterogeneity 

contributes to treatment resistance and the varying responses observed in patients. 

Therefore, personalized medicine approaches that consider the individual genetic 

profile and tumor characteristics are needed. 

Another limitation is the lack of effective treatment options for recurrent GBM. While 

initial treatments, such as surgery, radiation, and chemotherapy, may provide 

temporary relief, the development of resistance and tumor recurrence is common. 
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Therefore, new therapeutic approaches that focus exclusively on recurrent GBM need 

to be explored [24]. 

Moreover, the BBB poses a significant challenge in the delivery of therapeutics to 

GBM [25]. The BBB bounds the diffusion of medicines in brain, making it challenging 

to achieve therapeutic concentrations within the tumor. Developing strategies to 

overcome the BBB and enhance drug delivery to GBM is an area of active research. 

Furthermore, the identification of biomarkers for forecast and treatment response in 

GBM, is still an ongoing challenge. While several potential biomarkers have been 

identified, further validation and standardization are required to establish their clinical 

utility [26]. 

In conclusion, this chapter provided a comprehensive literature review on GBM, 

including its prevalence, genetic basis, previous studies on biomarkers and therapeutic 

targets, and current treatment strategies. The limitations and gaps in the literature were 

highlighted, emphasizing the need for personalized medicine approaches, novel 

therapeutic strategies for recurrent GBM, strategies to dazed the BBB, and reliable 

biomarkers for prognosis and treatment response. The subsequent chapters will present 

the methodology, results, discussion, and conclusion of the study, addressing these 

challenges and contributing to the advancement of GBM research and treatment. 
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CHAPTER- 3 

METHODOLOGY OF STUDY 

 

 

Figure 3.1:  Block schematic of the multi-stage methodology to study GBM 

3.1 Data Set Collection 

In this chapter, we describe the methodology employed in our study to investigate 

potential therapeutic targets for glioblastoma multiforme (GBM). The following 

sections outline the steps involved in data set collection, detection of DEGs, 

enrichment analysis, PPI network analysis, data collection for molecular docking, 

preparation of receptors and ligands, molecular docking using SwissDock, ADMET 

analysis, and visualization and processing of results using Chimera. 

The first step in our study was to collect microarray gene expression datasets for GBM. 

We obtained the datasets from the NCBI GEO database, a repository of publicly 

available gene expression data. We selected two datasets, namely GSE4290 and 

GSE12657, which contained gene expression profiles of GBM samples and 

corresponding normal brain samples. These datasets were chosen based on their 

Datasets from NCBI GEO

Overlapped DEGs
Protein-Protein 

Interactions (PPI) 
Network Analysis

GO Biological 
process (BP) 

KEGG pathway
Identification of 

DEGs survival

Molecular Docking

ADME/T Analysis
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sample size, availability of clinical information, and relevance to our research 

objectives. 

 

3.2 Identification of Differential Expression Genes (DEGs) 

 

To find out DEGs among GBM patients and normal brain samples, we employed 

GEO2R web tool. GEO2R allows for the analysis of gene expression data by 

comparing samples from different experimental groups [27]. We inputted the raw 

expression data from the selected datasets and applied appropriate filters to normalize 

the data and remove outliers. 

Next, we established criteria to select DEGs based on fold change and statistical 

significance. Genes with a fold change of at least 2 and a p-value below a 

predetermined threshold (e.g., 0.05) were considered differentially expressed [28]. 

These criteria helped us identify genes that exhibited significant changes in expression 

levels between GBM and normal brain samples. 

 

3.3 Functional Enrichment Analysis of DEGs 

 

For gaining insights into biological processes and molecular pathways associated with 

the find out DEGs, we performed functional enrichment analysis. We utilized gene set 

enrichment analysis (GSEA) through the EnrichR web tool [29]. GSEA compares the 

expression of a predefined gene set against the remaining genes in the dataset, allowing 

us to determine whether the genes in our DEG list were enriched in specific biological 

pathways. 
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We applied the KEGG pathway analysis as well as GO findings using EnrichR. KEGG 

pathway identified the molecular pathways in which the DEGs were involved, 

providing information on the underlying biological mechanisms. GO analysis 

provided insights into the gene ontology terms associated with the DEGs, together 

with biological processes, cellular components, and molecular functions [29]. 

 

3.4 Protein-Protein Interactions (PPI) Network Analysis 

 

To understand the interactions and functional relationships between the DEGs, we 

constructed a protein-protein interactions (PPI) network [30]. We utilized the STRING 

database, which consolidates known and predicted protein-protein interactions from 

various sources. 

Using the DEG list as input, we retrieved the corresponding protein IDs and submitted 

them to the STRING database. The resulting PPI network provided a visual 

representation of the interactions between the proteins [31]. We analyzed the network 

to identify key hubs and modules, which are indicative of proteins with critical roles 

in GBM development and progression. 

 

3.5 Data Collection for Molecular Docking 

 

In addition to exploring gene expression data, we aimed to investigate potential natural 

compounds as therapeutic agents for GBM. To achieve this, we collected data on 

natural compounds with potential anticancer properties. 

We employed COCONUT (Collection of Open Natural Products Database) to analyze 

natural products. COCONUT provides a comprehensive collection of natural 
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compounds and their associated biological activities. Based on the literature and 

COCONUT database search, we selected a set of natural compounds with reported 

anticancer properties for further analysis [32]. 

We retrieved the chemical structures of the selected natural compounds in Structure-

Data File (SDF) format from the PubChem database, a comprehensive resource for 

chemical information. 

Additionally, we chose the CAMTA1 gene as a target for our molecular docking 

analysis. CAMTA1 has been implicated in GBM progression and might serve as a 

probable therapeutic target [33]. We selected the CAMTA1 protein structure from the 

PDB, which offers experimentally determined protein structures. 

 

3.6 Preparation of Receptors and Ligands 

 

To prepare the CAMTA1 protein structure for docking analysis, we performed 

necessary pre-processing steps. This included removing any water molecules, ions, 

and other heteroatoms from the protein structure and assigning proper bond orders and 

protonation states [34]. 

For the ligands (natural compounds), we converted the SDF structures obtained from 

PubChem into mol2 format using Discovery Studio software. Mol2 format is 

commonly used for molecular docking and is compatible with the SwissDock tool we 

utilized [34]. 

 

3.7 Molecular Docking using SwissDock 
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We employed the SwissDock web tool for molecular docking analysis. SwissDock 

utilizes a protein-ligand docking algorithm to predict the binding affinity and binding 

mode between proteins and small molecules [35]. 

The ligands (natural compounds) and the prepared CAMTA1 protein structure were 

uploaded to the SwissDock server. The docking simulation was performed to predict 

the most favorable binding conformations and orientations of ligands within the 

binding site of CAMTA1 gene. 

The docking results were analyzed based on various parameters, including binding 

energy, which serves as an indicator of the strength of the protein-ligand interaction. 

Lower binding energies suggest stronger binding affinity between the ligand and the 

protein. 

3.8 ADMET Analysis 

To estimate the pharmacokinetic properties and drug-likeness of the selected ligands, 

we employed the SwissADME web tool. SwissADME predicts various ADMET 

parameters for small molecules [36]. 

We analyzed the physicochemical properties of the ligands, including molecular 

weight, water solubility, lipophilicity (logP), and polar surface area. We also evaluated 

drug-likeness using Lipinski's rule, which assesses properties related to oral 

bioavailability and drug development [36]. 

3.9 Visualization and Processing of Results Using Chimera 

For visualization and study of molecular structures and interactions, we utilized the 

Chimera software. Chimera is a powerful tool for visualizing protein-ligand 

complexes, generating molecular graphics, and performing structural analysis [37], 

[38]. 
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We imported the docking results, including the protein-ligand complexes with their 

predicted binding modes, into Chimera. This allowed us to visualize the interactions 

between the ligands and the CAMTA1 protein and analyze the binding conformation 

and key residues involved in the interaction. 

 

In conclusion, this chapter described the methodology employed in our study to 

investigate potential therapeutic targets for GBM. We explained the data set collection 

process, identification of DEGs, functional enrichment analysis, PPI network analysis, 

data collection for molecular docking, preparation of receptors and ligands, molecular 

docking using SwissDock, ADMET analysis, and visualization and processing of 

results using Chimera [36]. These methods were essential in addressing our research 

objectives and will provide valuable insights into potential therapeutic strategies for 

GBM. 
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CHAPTER- 4 

RESULTS 

 

In this chapter, we present the findings from each stage of the study, including the 

identification of DEGs, enrichment analysis, protein-protein interactions (PPI) 

network analysis, DEGs survival analysis, molecular docking results, and ADMET 

analysis. These results provide insights into hypothetical therapeutic targets for GBM. 

 

4.1 Identification of Differential Expression Genes (DEGs) 

 

Utilizing the analysis of gene expression data from the selected datasets (GSE4290 

and GSE12657), we identified a set of DEGs that exhibited significant differences in 

expression between GBM and normal brain samples. We applied a fold change 

threshold of at least 2 and statistical significance threshold (p-value < 0.05) to 

determine DEGs. 

We evaluated the common DEGs and found 285 overlapping genes. The DEGs 

included genes involved in various biological processes and molecular functions 

relevant to GBM, such as cell cycle instruction, apoptosis, cell proliferation, and DNA 

repair. These findings suggest dysregulation of these processes in GBM and provide 

potential targets for therapeutic interventions. 

 



 

17  

 

 

Figure 4.1: The Venn diagram of 285 overlapping up-regulated genes identified 

from two datasets GSE4290 and GSE12657 of GBM 

 

 

4.2 Functional Enrichment Analysis 

 

Functional enrichment analysis was executed for 285 overlapping DEGs to study the 

biological processes and molecular pathways associated with the DEGs. Through 

KEGG pathway and GO analysis, we identified several enriched pathways and gene 

ontology terms. 

The KEGG pathway study revealed the involvement of DEGs in critical signaling 

pathways. These pathways play significant roles in cancer development and 

progression. 

The GO analysis provided information about the biological processes, cellular 

components, and functions related to DEGs. We observed enrichment in processes 

such as cell division, cell adhesion, and response to DNA damage, indicating their 

relevance to GBM pathogenesis. 
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TABLE I.  KEGG PATHWAY HUMAN ASSOCIATED WITH GLIOBLASTOMA 

Name P-value Adjusted p-

value 

Odds 

Ratio 

Combined 

score 

GABAergic synapse 1.002e-18 2.044e-16 21.49 890.59 

Morphine addiction 3.313e-17 3.379e-15 19.49 739.46 

Nicotine addiction 1.714e-10 4.371e-9 23.86 536.55 

Insulin secretion 1.235e-12 4.200e-11 15.37 421.47 

Glutamatergic synapse 5.500e-13 2.244e-11 12.83 362.15 

Retrograde 

endocannabinoid 

signaling 

3.730e-13 1.902e-11 10.84 310.35 

Calcium signaling 

pathway 

8.986e-15 6.110e-13 8.72 282.06 

Long-term potentiation 2.570e-9 4.370e-8 14.09 278.76 

Circadian entrainment 1.218e-9 2.258e-8 11.17 229.27 

Oxytocin signaling 

pathway 

6.958e-10 1.420e-8 8.44 177.92 
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TABLE II.  GO BIOLOGICAL FUNCTION ASSOCIATED WITH GLIOBLASTOMA 

Name P-value 

Adjusted 

p-value 

Odds 

Ratio 

Combined 

score 

presynaptic active zone 

organization (GO:1990709) 

5.922e-7 0.00002584 140.31 2011.92 

anterograde trans-synaptic 

signaling (GO:0098916) 

3.452e-33 2.861e-30 16.70 1247.98 

chemical synaptic 

transmission (GO:0007268) 

6.222e-36 1.032e-32 15.27 1238.18 

protein localization to axon 

(GO:0099612) 

0.00002803 0.0007151 104.86 1099.12 

inhibitory synapse assembly 

(GO:1904862) 

2.443e-7 0.00001366 58.66 893.05 

positive regulation of non-

membrane protein tyrosine 

kinase activity (GO:1903997) 

0.00005547 0.001332 69.90 685.00 

Neurotransmitter secretion 

(GO:0007269) 

2.050e-11 4.856e-9 23.94 589.27 

regulation of 

neurotransmitter receptor 

activity (GO:0099601) 

1.353e-12 5.606e-10 20.89 570.94 

regulation of postsynaptic 

neurotransmitter receptor 

activity (GO:0098962) 

0.000007924 0.0002628 46.76 549.21 
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regulation of nervous system 

process (GO:0031644) 

1.844e-7 0.00001132 32.59 505.38 

 

4.3 Protein-Protein Interactions (PPI) Network Analysis 

 

The PPI network system of the 285 overlapping DEGs was constructed that allowed 

us to explore the interactions and functional relationships between the DEGs. The 

network revealed several key hub proteins that exhibited high connectivity and served 

as potential central players in the network. 

By identifying modules within the network, we uncovered groups of DEGs that were 

closely interconnected and likely involved in common biological processes. These 

modules included proteins associated with cell cycle regulation, DNA repair, and 

cellular signaling. 

 

Figure 4.2: The Protein-protein interaction network of 285 overlapped genes which 

were common in two datasets 
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4.4 DEGs Survival Analysis 

 

To investigate the prognostic implication of the DEGs, we accomplished survival 

analysis using available clinical data from the GBM patients in the selected datasets. 

For the overlapping 285 DEGs among the GBM datasets, using GDC Data Portal, 

seven genes (GRIN2A, BCL11A, CAMTA1, ERBB3, WIF1, HLF, and CHN1) were 

found noteworthy in the patients’ survival having P < 0.05.  

The survival study revealed that certain DEGs were associated with patient survival 

outcomes. Some genes showed a significant correlation with poor prognosis, while 

others were associated with improved survival. These findings highlight the probable 

DEGs for the prognostic biomarkers for GBM. 

 

Figure 4.3: Overall survival plot of patients having mutated genes 

 

4.5 Molecular Docking Results 
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In the molecular docking analysis, we evaluated the binding affinities and interactions 

between the selected natural compounds and the CAMTA1 protein, a potential 

therapeutic target for GBM. 

The docking results provided insights into the binding modes and orientations of the 

ligands within the binding site of CAMTA. We observed favorable binding interactions 

between specific ligands and the protein, indicating potential therapeutic efficacy. 

Out of 50 natural compounds docked, 9 compounds met the binding energy less than 

-7.13 Kcal/mol (energy of standard) as shown in TABLE III. Out of these ten, Pecilocin 

has the furthermost negative binding energy which suggests it has the best binding 

affinity with the gene (Fig.4.4). 

Based on binding energy values, we identified ligands with higher affinity towards the 

CAMTA1 protein. These ligands have the potential to inhibit the protein's function and 

may serve as promising candidates for further experimental validation. 

 

 

Figure 4.4: Pecilocin binds at CAMTA1 active site 
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TABLE III.  MOLECULAR DOCKING AND ADME/T ANALYSIS RESULT 

Name Cluster Element 

Estimated ΔG 

(kcal/mol) 

Lipinski 

BBB 

permeant 

Chrysin 

(Standard) 

1 0 -7.13 

Yes; 0 

violation 

Yes 

Supral/ 

Pecilocin 

1 5 -8.37 

Yes; 0 

violation 

Yes 

Nigerapyrone E 9 8 -7.23 

Yes; 0 

violation 

Yes 

Rankinidine 7 0 -7.28 

Yes; 0 

violation 

Yes 

Kuguacin M 0 0 -7.56 

Yes; 0 

violation 

Yes 

Anthrakunthone 1 4 -7.21 

Yes; 0 

violation 

Yes 

Laurequinone 1 1 -7.1 

Yes; 0 

violation 

Yes 

Atractylenolide 

I 

1 1 -7.31 

Yes; 0 

violation 

Yes 

Melophlin D 0 1 -8.32 

Yes; 0 

violation 

Yes 

Glaucocalyxin 

A 

0 0 -7.51 

Yes; 0 

violation 

yes 
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4.6 ADMET Analysis 

 

The ADMET analysis provided information on pharmacokinetic properties and drug-

likeness of selected ligands. We considered various parameters, including molecular 

weight, lipophilicity (logP), water solubility, and drug-likeness according to Lipinski's 

rule. 

The analysis revealed that the selected ligands exhibited favorable physicochemical 

properties and drug-likeness profiles, indicating their potential for further development 

as therapeutic agents. These findings support the feasibility of utilizing natural 

compounds as potential GBM therapeutics. 

In conclusion, this chapter presented the results obtained from each stage of the study. 

We identified DEGs associated with GBM, performed functional enrichment analysis 

to uncover relevant pathways and processes, analyzed PPI networks to explore protein 

interactions, conducted survival analysis to evaluate the prognosis of DEGs, evaluated 

molecular docking result for potential therapeutic ligands, and performed ADMET 

analysis to assess drug-likeness. These findings contribute to a comprehensive 

understanding of potential therapeutic targets and compounds for GBM treatment. 
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CHAPTER- 5 

DISCUSSION & CONCLUSION 

 

In this chapter, we provide an in-depth interpretation and analysis of the results 

obtained from the study. We discuss the implications and significance of the findings, 

highlight the drawbacks of the study, and provide suggestions for additional research 

in the field of glioblastoma multiforme (GBM) treatment. 

 

5.1 Interpretation and Analysis of Results 

 

We begin the discussion by summarizing the key findings from each stage of the study. 

The identification of differential expression genes (DEGs) revealed dysregulated 

biological processes and molecular functions in GBM, such as cycle regulation, cell 

proliferation, and DNA repair. These findings align with the known characteristics of 

GBM, highlighting the importance of these processes in GBM pathogenesis. 

The functional enrichment analysis provided insights into biological pathways and GO 

linked with DEGs. Additionally, the GO analysis highlighted the relevance of 

processes such as cell division, cell adhesion, and response to DNA damage in GBM 

development and progression. 

The PPI network scrutiny revealed pivot proteins and modules associated with key 

biological processes in GBM. This network-based approach allowed us to identify 

potential central players and their interactions within the DEG network, providing a 

more comprehensive understanding of the molecular mechanisms underlying GBM. 
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The survival analysis demonstrated the prognostic significance of certain DEGs in 

GBM patients. These findings have implications for patient stratification and 

personalized treatment approaches. Genes associated with poor prognosis could serve 

as potential targets for more aggressive therapeutic interventions, while those 

associated with improved survival may guide the development of novel prognostic 

biomarkers. 

The molecular docking analysis identified natural compounds with favorable binding 

affinities and interactions with the CAMTA1 protein. These findings suggest the 

potential of these compounds as therapeutic agents for GBM. However, further 

experimental validation is necessary to confirm their efficacy and safety. 

 

The ADMET analysis provided important insights into the pharmacokinetic properties 

and drug-likeness of the selected ligands. Ligands with favorable physicochemical 

properties and drug-likeness profiles may have better chances of success in further 

preclinical and clinical development. 

5.2 Implications and Significance of Findings 

 

The findings from this study have several inferences for treatment of GBM. The 

identification of DEGs associated with critical biological processes and pathways 

provides potential targets for therapeutic interventions. Modulating these dysregulated 

processes could potentially disrupt GBM growth and progression. 

 

The survival analysis revealed DEGs that are correlated with patient prognosis. These 

genes may serve as prognostic biomarkers, and the advancement of personalized 
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treatment approaches. Identifying patients with poor prognosis at an early stage can 

guide the implementation of more aggressive therapies and improve patient outcomes. 

The molecular docking results suggest the potential of natural compounds as 

therapeutic agents for GBM. These compounds can be further investigated and 

optimized to enhance their efficacy and specificity. The identification of ligands with 

favorable binding affinities towards the CAMTA1 protein provides a starting point for 

future drug discovery efforts. 

 

5.3 Limitations of the Study 

 

It is important to acknowledge the drawbacks of the study. Firstly, the study was based 

on publicly available gene expression datasets, which may have inherent biases and 

variations. The use of additional datasets or experimental validation is warranted to 

confirm the robustness of the findings. 

 

Secondly, the molecular docking analysis provides insights into the potential binding 

interactions between ligands and the CAMTA1 protein. However, it is crucial to 

validate these findings through in vitro as well as in vivo analysis to measure the 

functional effects of ligand-protein interactions and their impact on GBM cells. 

 

Furthermore, the ADMET analysis provides initial insights into the pharmacokinetic 

properties of the ligands. However, more extensive in vitro experiments are necessary 

to fully judge the safety, bioavailability, and metabolism of these compounds. 
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5.4 Suggestions for Further Research 

 

Based on the findings and limitations of this study, several recommendations for 

further study can be made. Primarily, conducting experimental validation, such as cell-

based assays and animal models, can provide functional evidence for the identified 

DEGs, potential therapeutic targets, and ligand-protein interactions. 

 

Additionally, investigating the combination therapy of natural compounds with 

existing GBM treatments, such as chemotherapy and radiation therapy, could be 

explored. Synergistic effects of these compounds with standard therapies may enhance 

treatment outcomes and overcome drug resistance. 

 

Furthermore, exploring the character of other molecular players and pathways in 

GBM, beyond DEGs discovered in this finding, could offer more comprehensive 

thoughtful of the disease. Integrated multi-omics approaches, such as genomics, 

proteomics, and epigenomics, can uncover additional layers of complexity and 

potential therapeutic targets. 

 

Finally, conducting clinical trials to estimate the safety and efficacy of identified 

compounds for GBM survival is crucial for their translation into clinical practice. 

Investigating the therapeutic potential of these compounds in combination with 

standard treatments can provide valuable insights into their clinical utility. 

 

In conclusion, this chapter discussed the understanding and analysis of the outcomes 

obtained from the study. The verdicts have important implications for the 
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understanding and treatment of GBM, providing potential therapeutic targets, 

prognostic biomarkers, and natural compounds with therapeutic potential. However, it 

is important to acknowledge the drawbacks of the study and suggest additional 

research to validate and expand upon these findings, ultimately improving GBM 

treatment strategies.  
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Pecilocin As Potential Drug Candidate 

in GBM Suppression: Bioinformatic 

Approach to Identify Gene Expression 

Signature Using ADMET Analysis 

and Molecular Docking Studies 

 

 

 

Abstract— Despite significant medical improvements, the 

treatment of the most common and dangerous brain tumor, 

glioblastoma multiforme (GBM), remains a difficult challenge. 

Genetic mutation is the major contributing factor to this lethal 

condition[1]. It is crucial to recognize the genetic markers 

responsible for GBM survival. The GEO dataset provides 

publicly available gene expression and clinical data on GBM 

patients to study the prognosis of patient death rate and thereby 

identify GBM biomarkers. 

We performed functional enrichment analysis and protein-

protein interaction (PPI). In this study, we used the GDC data 

portal to analyze linked genes with clinical data to determine the 

most significant genes of GBM. To distinguish the genes with 

different expression levels between the mutant and normal 

groups, we identified differential expression genes (DEGs) and 

evaluated their survival rate in patients. Furthermore, we used 

the GDC Data portal to estimate their significance in GBM 

survival.  

A natural substance called Pecilocin might be evaluated as a 

glioblastoma therapy option. For a better understanding of the 

interactions between the bioactive substances and CAMTA1 

protein, molecular docking research was performed. According 

to the molecular docking analysis, Pecilocin has a stronger 

affinity for the CAMTA1. Pecilocin’s potential for further 

research was also revealed by the ADME/T study. 

Keywords— Glioblastoma, Datasets, Differential expression 

genes, Biomarkers, GBM survival CAMTA1, Pecilocin, 

Introduction  
      GBM has been considered to originate in the central 

nervous system (CNS) glial cells[2]. However, recent 

research suggests that GBM is caused by the neural stem in 

the brain's subventricular zone[3]. The standard-of-care 

treatment consists of surgical deletion of the tumor, along 

with radiation, and temozolomide chemotherapy[4], [5]; but, 

as the low survival rate indicates, these therapies have not 

been helpful in preventing tumor progression. 

The most serious and frequent form of primary astrocytoma 

is glioblastoma multiforme (GBM). Since genetic mutation is 

the primary cause of this fatal condition, it is crucial to 

determine the genetic markers involved in GBM survival. 

 

 

 

The Gene expression omnibus (GEO) dataset provides 

sufficient publicly available gene expression and clinical data 

on GBM patients to study the prognosis of patient death rate 

and thereby identify GBM biomarkers. In this study, 

bioinformatics tools are used to identify the mutant genes 

associated with the GBM compared with normal mRNA 

expression data from the brain tissues[6]. We used datasets 

GSE4290 and GSE12657 for the relative study of gene 

expression data between Glioblastoma tumors and normal 

brain tissues. Gene set functional enrichment analysis, gene 

ontology (GO), KEGG pathways, and protein-protein 

interaction (PPI), also revealed their significance[7]. We 

identified seven genes (GRIN2A, BCL11A, CAMTA1, 

ERBB3, WIF1, HLF, and CHN1) by using the GDC Data 

portal which has a substantial effect on GBM development. 

We performed Molecular docking to check gene and drug 

interaction. ADME/T analysis showed water-solubility, 

lipophilicity, pharmacokinetics, and drug-likeness 

parameters of the potential drug. 

Method and Material 

Data Set Collection 
The microarray gene expression datasets for 

Glioblastoma used in this study were collected from the 

National Center for Biotechnology Information Gene 

Expression Omnibus (NCBI-GEO) 

(https://www.ncbi.nlm.nih.gov/gds). The datasets are 

GSE4290 and GSE12657. GSE4290 and GSE12657 

datasets are used for the relative study of gene 

expression data between Glioblastoma tumors and 

normal brain tissues. 

Identification of Differential Expression 

Genes (DEGs) 
      GEO2R web tool was used to analyze and identify 

differentially expressed genes for GBM and normal brain 

samples were compared with GBM patients[8] 
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(https://www.ncbi.nlm.nih.gov/geo/geo2r/). The 

characteristics of choosing DEGs were |log(foldchange)| > 2 

and P < 0.05 [9]. The overlapping portions between two 

dataset genes were identified using the Venn web tool. 

 Functional Enrichment Analysis of DEGs  
All of the DEGs that were identified by the microarray 

GBM datasets were subjected to the KEGG 

pathway[10] and GO analysis using the gene set 

enrichment analysis (GSEA) tool EnrichR 

(https://maayanlab.cloud/Enrichr/). The biological 

process Gene Ontology (GO) was employed as an 

annotation source in this research, and its limit was set 

at P 0.05.  

Protein-Protein Interactions (PPI) Network 

Analysis 
      Using the web-based STRING database, a protein-protein 

interactions (PPI) network of the 285 overlapped DEGs was 

created (https://string-db.org/). A database that offers both 

physical and functional protein associations is called the PPI 

network[11]. The protein interaction network of differentially 

expressed genes, which can be used to assess potential protein 

interactions, was obtained for the 285 DEGs that were 

identified in the study. 

Data Collection for Molecular Docking 
      COCONUT (COlleCtion of Open Natural ProdUcTs) is a 

web-based open-source project for Natural Products storage, 

search, and analysis (https://coconut.naturalproducts.net/). 

For the identification of natural products as a drug for 

Glioblastoma, 50 natural compounds showing antipsychotic 

properties and one already known natural compound 

Chrysin[12] were taken as standard for reference. PubChem 

was employed to download the SDF structures of these 

natural compounds. Out of the seven most frequently mutated 

genes, CAMTA1 gene was selected for molecular docking 

and structure downloaded from PDB. CAMTA1 is an 

antitumor gene that regulates proliferation and the cell cycle 

in glioma cells by inhibiting AKT phosphorylation[13]. 

CAMTA1 was prepared for carrying out docking using 

Discovery Studio. 50 ligands were converted into mol2 

format using Discovery studio. After the ligands and protein 

preparation, docking was performed using SwissDock 

(http://www.swissdock.ch/docking). 

ADMET Analysis 
     SwissADME which is a web-based tool allowed us to 

predict ADME parameters for drug discovery 

(http://www.swissadme.ch/). The Canonical SMILES were 

taken from PubChem and the virtual physicochemical 

properties of all fifty ligands are analyzed using the 

SwissADME tools, including water-solubility, lipophilicity, 

pharmacokinetics, and druglikeness parameters[14].  

Results 

Differentially Expressed Genes (DEGs) 

Identification 
      The two selected datasets were analyzed by 

comparing normal samples with GBM cases. We 

identified 285 overlapping DEGs among two datasets 

(Fig.1.). We evaluated the common DEGs and found 

285 overlapping genes. 

Fig. 1. The Venn diagram of 285 overlapping up-regulated genes 

identified from two datasets GSE4290 and GSE12657 of GBM 

Functional Enrichment Analysis 
 The Functional enrichment study of the GO Biological 

process (BP) and KEGG pathway was carried out to 

illustrate the functions and molecular pathways 

associated with GBM using 285 overlapped DEGs. 

TABLE 1. shows KEGG pathways associated with 

GBM and TABLE II. shows GO Biological process 

associated with Glioblastoma.  

Analysis of the PPI network 
     The PPI network for the 285 overlapping DEGs was 

constructed using the String tool. The network where 

280 nodes each represent a protein and 2120 edges each 

indicating an interaction between each node pair 

(Fig.2.). 

 

https://www.ncbi.nlm.nih.gov/geo/geo2r/
https://maayanlab.cloud/Enrichr/
https://string-db.org/
https://coconut.naturalproducts.net/
http://www.swissdock.ch/docking
http://www.swissadme.ch/
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Fig. 2. The Protein-protein interaction network of 285 genes which were common in two datasets

 

TABLE III.  KEGG PATHWAY HUMAN ASSOCIATED WITH GLIOBLASTOMA 

Index Name P-value Adjusted p-value Odds Ratio Combined score 

1 GABAergic synapse 1.002e-18 2.044e-16 21.49 890.59 

2 Morphine addiction 3.313e-17 3.379e-15 19.49 739.46 

3 Nicotine addiction 1.714e-10 4.371e-9 23.86 536.55 

4 Insulin secretion 1.235e-12 4.200e-11 15.37 421.47 

5 Glutamatergic synapse 5.500e-13 2.244e-11 12.83 362.15 

6 Retrograde endocannabinoid signaling 3.730e-13 1.902e-11 10.84 310.35 

7 Calcium signaling pathway 8.986e-15 6.110e-13 8.72 282.06 

8 Long-term potentiation 2.570e-9 4.370e-8 14.09 278.76 

9 Circadian entrainment 1.218e-9 2.258e-8 11.17 229.27 

10 Oxytocin signaling pathway 6.958e-10 1.420e-8 8.44 177.92 

  

TABLE IV.  GO BIOLOGICAL FUNCTION ASSOCIATED WITH GLIOBLASTOMA 

Index Name P-value 
Adjusted p-

value 
Odds Ratio 

Combined 

score 

1 presynaptic active zone organization (GO:1990709) 5.922e-7 0.00002584 140.31 2011.92 

2 anterograde trans-synaptic signaling (GO:0098916) 3.452e-33 2.861e-30 16.70 1247.98 

3 chemical synaptic transmission (GO:0007268) 6.222e-36 1.032e-32 15.27 1238.18 

4 protein localization to axon (GO:0099612) 0.00002803 0.0007151 104.86 1099.12 

5 inhibitory synapse assembly (GO:1904862) 2.443e-7 0.00001366 58.66 893.05 

6 
positive regulation of non-membrane spanning protein 
tyrosine kinase activity (GO:1903997) 

0.00005547 0.001332 69.90 685.00 

7 Neurotransmitter secretion (GO:0007269) 2.050e-11 4.856e-9 23.94 589.27 

8 
regulation of neurotransmitter receptor activity 

(GO:0099601) 
1.353e-12 5.606e-10 20.89 570.94 

9 
regulation of postsynaptic neurotransmitter receptor 
activity (GO:0098962) 

0.000007924 0.0002628 46.76 549.21 

10 regulation of nervous system process (GO:0031644) 1.844e-7 0.00001132 32.59 505.38 
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Identification of DEGs survival 
      For the survival analysis, we considered the overlapping 

285 DEGs among the GBM datasets. Using GDC Data Portal, 

seven genes (GRIN2A, BCL11A, CAMTA1, ERBB3, WIF1, 

HLF, and CHN1) were found significant in the patients’ 

survival having P < 0.05. The survival patterns of the mutated 

and normal groups of these seven genes are shown in Fig.3.  

Fig. 3. Overall survival plot of patients having mutated genes 

Molecular Docking Result 
      SwissDock was used in studying the natural 

compounds with interactions of glioblastoma protein 

CAMTA1. Out of 49 natural compounds docked, 9 

compounds met the required parameters binding energy 

less than -7.13 Kcal/mol (energy of standard 

compound) as shown in TABLE III. Out of these ten, 

Pecilocin has the most negative binding energy which 

suggests it has the best binding affinity with the protein 

(Fig.4.). 

 

Fig. 4. Pecilocin binds at CAMTA1 active site 

 

ADMET Analysis 
     ADMET analysis was performed using SwissADME 

and Pecilocin was found to have high GI absorption 

capacity, and BBB permeant. Lipinski rule is one of the 

most popular parameters used to evaluate the drug-

likeness of small molecules. With a bioavailability score 

of 0.55 and 0 violations, Pecilocin satisfies with 

Lipinski rule's drug-likeness standards for bioavailable 

drugs. 

Discussion 
        In recent decades, significant efforts have been 

undertaken to improve the health efficiency of GBM 

patients. In this work, we discovered 285 DEGs to be 

overlapped in two datasets. To determine the molecular 

function of the 

 

 

TABLE V.  MOLECULAR DOCKING AND ADME/T ANALYSIS RESULT 

Name Cluster Element 
FullFitness 

(kcal/mol) 
Estimated ΔG 

(kcal/mol) 
GI 

absorption 
Lipinski 

BBB 

permeant 

Chrysin 
(Standard) 

1 0 -1622.82 -7.13 High 
Yes; 0 

violation 
Yes 

Supral/ Pecilocin 1 5 -1672.16 -8.37 High 
Yes; 0 

violation 
Yes 

Nigerapyrone E 9 8 -1617.32 -7.23 High 
Yes; 0 

violation 
Yes 

Rankinidine 7 0 -1576.32 -7.28 High 
Yes; 0 

violation 
Yes 

Kuguacin M 0 0 -1605.56 -7.56 High 
Yes; 0 

violation 
Yes 

Anthrakunthone 1 4 -1603.09 -7.21 High 
Yes; 0 

violation 
Yes 

Laurequinone 1 1 -1385.28 -7.1 High 
Yes; 0 

violation 
Yes 

Atractylenolide I 1 1 -1635.19 -7.31 High 
Yes; 0 

violation 
Yes 

Melophlin D 0 1 -1667.3 -8.32 High 
Yes; 0 

violation 
Yes 

Glaucocalyxin A 0 0 -1596.91 -7.51 High 
Yes; 0 

violation 
yes 

typical DEGs, we conducted GO biological process and 

KEGG pathway analysis. Using the overlapping DEGs 

found, a topological analysis of the PPI network was 

performed to evaluate probable protein interactions. 

Using GDC Data Portal, seven genes (GRIN2A, 

BCL11A, CAMTA1, ERBB3, WIF1, HLF, and CHN1) 

were found significant in the patient’s survival. The 

standard-of-care treatment consists of surgical deletion 

of the tumor, along with radiation, and temozolomide 

chemotherapy[15]. In recent years, natural compounds 
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have been used as a drug using in silico techniques such 

as molecular docking which helped to facilitate the drug 

development procedure. Using this technique, we have 

predicted Pecilocin as a potent inhibitor of CAMTA1 

gene in Glioblastoma. It has shown promising effects as 

a better inhibitor with binding energy -8.37 in 

comparison to other inhibitors such as Chrysin with the 

binding energy of -7.13 and found to be BBB permeant 

and have good drug-likeness characteristics. 

Conclusion & Future Scope 
        In this study, survival analysis of 20 GBM patients 

strengthened that most of the considered 285 common 

DEGs are only associated with GBM. Out of 285, seven 

genes which are GRIN2A, BCL11A, CAMTA1, 

ERBB3, WIF1, HLF, and CHN1, were found to be 

associated with GBM survival. Final survival analysis 

revealed that CAMTA1 mutation was associated with 

prognosis in GBM patients. Overall, CAMTA1 could be 

a suitable prognostic marker for GBM. Molecular 

docking of CAMTA1 genes with 50 natural compounds 

revealed that Pecilocin could be the potent drug for 

GBM. ADMET analysis of Pecilocin depicts BBB 

permeant, following the Lipinski rule, with 0 violations, 

and has better drug-likeness. The actual wet-lab work 

will support in choosing the Pecilocin molecule as a 

potential GBM target. We can also use seven genes for 

clinical therapies and for precision medications which 

will be beneficial for GBM survival. 
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