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therapeutic repurposing  drugs for EGFR V774M mutation in 
neuroglioma patients
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Introduction
A brain tumor is an intracranial neoplasm that develops 
in the brain or central spinal canal.1 Glioblastoma (GBM) 
is the most frequent malignant of the brain and other 
CNS tumors accounting for 47.7% of all cases, and 3.21 
cases occur for every 100,000 people.2 The World Health 
Organization (WHO) differentiates glioma into two 
types based on their histology and prognosis: low-grade 
and high-grade gliomas.3 Low-grade gliomas include 

grade I (pylociticastrocytomas) and grade II (diffuse 
astrocytomas) tumors that are slow-growing and have a 
favorable prognosis.4 Grade III (anaplastic astrocytomas) 
and grade IV GBM are the most common and aggressive 
CNS cancers, with 99% of cases being deemed incurable.4 
Despite significant improvements in treating some cancers, 
treating GBM has been challenging for over a decade.5 The 
incidence of glioma in adults is 3/100,000 per year, making 
up 52% of all primary brain tumors.6 Despite aggressive 
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Abstract
Introduction: Neuroglioma, a classification 
encompassing tumors arising from glial cells, 
exhibits variable  aggressiveness and depends on 
tumor grade and stage. Unraveling the EGFR gene 
alterations,  including amplifications (unaltered), 
deletions, and missense mutations (altered), 
is emerging  in glioma. However, the precise 
understanding of emerging EGFR mutations and 
their role in  neuroglioma remains limited. This 
study aims to identify specific EGFR mutations 
prevalent  in neuroglioma patients and investigate 
their potential as therapeutic targets using FDA-
 approved drugs for repurposing approach.  
Methods: Neuroglioma patient’s data were 
analyzed to identify the various mutations and  survival rates. High throughput virtual screening 
(HTVS) of FDA-approved (1615) drugs  using molecular docking and simulation was executed to 
determine the potential hits.  
Results: Neuroglioma patient samples (n=4251) analysis reveals 19% EGFR alterations with  most 
missense mutations at V774M in exon 19. The Kaplan-Meier plots show that the overall  survival rate 
was higher in the unaltered group than in the altered group. Docking studies resulted the best hits 
based on each target's higher docking score, minimum free energy   (MMGBSA), minimum kd, ki, 
and IC50 values. MD simulations and their trajectories show  that compounds ZINC000011679756 
target unaltered EGFR and ZINC000003978005  targets altered EGFR, whereas ZINC000012503187 
(Conivaptan, Benzazepine) and  ZINC000068153186 (Dabrafenib, aminopyrimidine) target both 
the EGFRs. The  shortlisted compounds demonstrate favorable residual interactions with their 
respective  targets, forming highly stable complexes. Moreover, these shortlisted compounds have 
drug- like properties as assessed by ADMET profiling.  
Conclusion: Therefore, compounds (ZINC000012503187 and ZINC000068153186) can  effectively 
target both the unaltered/altered EGFRs as multi-target therapeutic repurposing  drugs towards 
neuroglioma.   
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addition, they provide valuable structural insights into 
how ligands interact with target receptors, offering a 
view on the blocking mechanism. This information is 
crucial for identifying and confirming effective ligands 
with potential therapeutic applications. Overall, these 
methods surpass conventional techniques in their ability 
to generate structural hypotheses and aid in identifying 
promising ligands. The primary aim of this study was to 
identify a specific mutation in EGFR frequently observed 
in patients with neuroglioma. Further, the mutated form 
and wild-type EGFR was investigated as potential targets 
for assessing molecular drug interaction changes. A 
repurposing approach was also employed to screen FDA-
approved drugs in order to identify potential therapeutic 
agents for further evaluation.
 
Materials and Methods 
Analysis of clinical data
Genomic data retrieval and analysis of EGFR 
This study accessed complete genomic information for 
the EGFR gene in neurogliomas from the cBioPortal 
cancer database.19 The cBioPortal is a user-friendly tool 
that allows for interactive interpretation of multiscale 
data, providing information on genomic and proteomic 
alterations, transcriptomics, and microarray data 
profiling. The main objective of the cBioPortal database 
is to facilitate direct access to genomic profile datasets 
and enable analysis of disease expression. We searched the 
cBioPortal database using the keywords, "CNS/Brain" and 
focused specifically on neuroglioma in order to filter the 
data and select relevant studies.
Cancer types and mutational analysis
In this study, complete genomic information for the EGFR 
gene in various forms of GBM was obtained from the 
cBioPortal database. The database allows users to search 
for specific genes in different cancer types. To evaluate 
the EGFR data, we searched using the "CNS/Brain" 
keywords, which generated results from 17 other datasets. 
The oncoprint visualization in the cBioPortal provided a 
concise overview of the queried genes, displaying them 
in a color-coded format to represent different types of 
mutations and genetic alterations. This visualization 
summarized the genomic and proteomic alterations in the 
selected genes. Plot diagrams were also used to illustrate 
the different mutation types of the queried genes, using 
color codes. 
Survival analysis
The study utilized the Kaplan-Meier estimator plots to 
evaluate the overall and relapse-free survival rates of two 
distinct groups based on genomic alterations in the EGFR 
gene. Genomic alteration data for the EGFR gene was 
collected for the study participants. The unaltered EGFR 
group consisted of individuals without any identified 
alterations in the EGFR gene, while the altered EGFR group 
included individuals with various genomic alterations. 
Using the collected data, Kaplan-Meier estimator plots 

treatment, the prognosis for GBM patients is abysmal, with 
a median overall survival rate of just 10% for 12 months and 
five years.5 Poor patient outcomes result from intrinsic or 
acquired tumor resistance to radiation or chemotherapy.7 
Receptor tyrosine kinases (RTKs) are strongly implicated 
in developing resistance to radiation and chemotherapy 
in GBM.8 Numerous RTK inhibitors are tested with 
conventional medicines, but none has demonstrated a 
therapeutic advantage with increased toxicity.9 The EGFR 
gene is known to overexpress in various cancers.10,11 It is 
observed that EGFR is overexpressed in most primary 
GMBs and some secondary ones and indicates more 
aggressive GBM characteristics.12 EGFR gene over-
expression and amplification are present in about 40% of 
primary GBMs.10 In addition, overexpression of EGFR is 
associated with (63–75%) of the gene expression changes 
in both wild-type/non-mutant and mutant EGFR1 types.13

In GBM mutations in the EGFR (epidermal growth 
factor receptor) are frequent and cause disease progression 
and aggressiveness.8 and might have a causative role in 
cancer development and therapeutic resistance.14 GBM 
gene amplification and overexpression are standard 
in low-grade gliomas, suggesting that aberrant EGFR 
signaling plays a causative role in the pathogenesis of GBM. 
EGFRvIII type is the most frequent EGFR mutant found in 
neuroglioma.10 This mutant is formed by erasing 2–7 exons 
of the EGFR gene, resulting in the deletion of 267 amino 
acid residues from the receptor's extracellular domain. 
EGFRvIII does not bind to ligands but instead signals 
inherently and is an essential process in gliomagenesis.15 
The EGFRvIII mutant is more tumorigenic than its wild-
type receptor.13 Several tumor biology aspects, including 
the patient's survival rate, cell proliferation, metastatic 
spread, motility rate, and treatment susceptibility, may be 
influenced by increased EGFRvIII expression.13

Tyrosine kinase inhibitors (TKIs), antibodies, and 
vaccinations are utilized to block the EGFR signaling 
network, making it a popular target for medicinal 
therapies.16 Recent studies suggest that in Erlotinib-
treated patients, co-expression of PTEN and EGFRvIII 
are not associated with increased survival.16 Erlotinib is 
an EGFR inhibitor with a low response rate and patient 
survival rate.16 So, there is an urgent need to identify 
the new mutation of EGFR having high-frequency 
rates in neuroglioma and target them with specific and 
effective drugs. In the drug development process, in silico 
computational approaches, in recent times with significant 
technological advancements, have become invincible 
tools for discovering and repurposing purposes with the 
shortest times and greater probability of achieving the new 
or repurposed drugs.17 Molecular docking and molecular 
dynamics simulation are advanced computational 
techniques that enable high-throughput virtual screening 
(HTVS) of large molecular libraries.18 These approaches 
assess the binding affinity between ligands and target 
receptors and generate scores to evaluate the results. In 
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were generated to visualize the survival probabilities 
over time for each group. The Kaplan-Meier curves were 
analyzed to compare the overall and relapse-free survival 
rates between the unaltered and altered EGFR groups. 
This analysis provided insights into the impact of other 
genomic alterations in the EGFR gene on patient survival 
outcomes.
Expression pattern analysis of EGFR in different brain 
regions
The GTEx model was employed to examine tissue-specific 
gene expression and regulation of EGFR in various 
brain regions. Violin plots were utilized to depict the 
localization of EGFR expression across different brain 
regions. Additionally, the BEST program was used to 
generate a spatiotemporal expression heatmap, allowing 
the evaluation of EGFR gene expression patterns in other 
brain regions at various ages.

Structural analysis
Ligand preparation 
We utilized the ZINC Database to retrieve the FDA-
approved drug library's three-dimensional (3D) structures 
for docking studies. We downloaded a total of 1615 FDA-
approved drugs in single sdf file format from the Zinc 
Database and included all of them for screening purposes. 
The open babel and PyRx programs were employed to 
optimize and minimize the ligands (FDA Drug molecules). 
The selection of the ZINC database in this methodology 
was based on several factors specific to the study. These 
factors included: a) well-documented chemical properties 
of the compounds in the database; b) structural diversity 
exhibited by these compounds; and c) availability of the 
compounds for screening purposes. Collectively, these 
factors ensured a robust and diverse set of compounds for 
subsequent screening and analysis.
Assessment of the structure and accurate binding site 
prediction
In this study, the unaltered three-dimensional (3D) 
structure of the EGFR protein was retrieved from the 
RCSB-PDB using X-ray crystallography data. The Protein 
Data Bank ID 3POZ was used for this purpose. To 
create the altered form of EGFR (V774M), we employed 
the Discovery Studio Visualizer software. Within the 
software's amino acid residues section, we replaced the 
Valine (V) amino acid residue with Methionine (M). 
The resulting modified structure was then saved in 
PDB format. Additionally, we utilized the Swiss Model 
homology method to generate the most accurate 3D 
model of the altered EGFR. the primary sequence of 
the altered EGFR was submitted to the Swiss Model 
database. A search was conducted within the database 
to find the template with the highest similarity to the 
altered EGFR sequence. This identified template was then 
utilized to generate the 3D model of the altered EGFR. 
To facilitate comparative analysis between the unaltered 
and altered EGFR structures, we aligned the modelled 

structure of the altered EGFR with the 3D structure of 
the unaltered EGFR. This alignment was performed 
using the Discovery Studio Visualizer, which enabled us 
to identify any conformational changes resulting from 
the missense mutation. Furthermore, Using Discovery 
Studio Visualizer and PyRx program, the 3D structures 
were prepared by removing hydrogen atoms (H atoms), 
heteroatoms, and non-essential water molecules from the 
target receptor 3D structures. The meta-pocket program 
was used to estimate the reliable ligand binding sites in 
EGFR.20 Further, ConSurf Server was used to identify the 
conserved residues in both the EGFR receptors (altered 
and unaltered) (3POZ id).21

Structure validation of mutant EGFR
To validate the modelled structure of the mutant EGFR 
receptor, this study utilized the structural analysis and 
verification server. The server was employed to assess 
the structural geometric features of the mutant EGFR 
receptor, including residue interaction compatibility and 
backbone conformation.22 The structural analysis involved 
examining the compatibility of interactions between 
individual residues and verifying the overall conformation 
of the protein backbone. The Ramachandran plot 
statistics, determined using the PROCHECK program, 
were employed to evaluate the quality of the modelled 
structures.22 The psi [Ψ] and phi [ϕ] angles of the protein 
backbone were analyzed to ensure that they fell within 
acceptable ranges, indicating a favorable stereochemical 
quality of the modelled structures. The ERRAT program 
was utilized to investigate and improve the non-bonded 
atomic interactions within the modelled structures. This 
analysis helped identify and resolve any unfavourable 
atomic interactions that may have occurred during the 
modelling process. Furthermore, the WHAT IF program 
was employed to address atomic collisions, also known 
as bumps, within the modelled structures. The program 
achieved this by adjusting the side chain torsion angles 
(chi1, chi2, and chi3) to eliminate any steric clashes 
between atoms.22 
Ligand screening and docking 
The high throughput virtual screening and molecular 
docking process were performed using PyRx software 
with a UFF force field.23 To create the accurate grid map 
and find the best docking interaction confirmations, 
a grid map with coordinates of x:15,9005, y:4252, and 
z:8,7171 was set for both EGFR receptors. With the 
molecular docking method, the eight poses retrieved 
from the docking runs for each ligand. Lamarck's genetic 
algorithm and empirical free energy were selected in the 
PyRx program. An empirical scoring function was used in 
the docking process to determine the binding affinity of a 
specific protein-ligand complex. Docking complexes with 
the best docking score and various binding interactions 
were further evaluated using the discovery studio 
visualizer (2.1.0).
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Molecular dynamic simulation (MD) and trajectory 
analysis 
The molecular dynamics study of the target receptor-ligand 
complexes was simulated using Schrodinger Maestro 
Version 20.1 (Desmond module). The OPLS-2005 force 
field was applied to optimize the protein structures for a 
simulation system. For MD simulation studies, the TIP3P 
three-site water solvation model, with orthorhombic 
shape boundary condition [10 Å × 10 Å × 10 Å distance] 
and the buffer methods (physiological concentration of 
monovalent ions) was used. The system builder module 
used TIP3P to achieve exceptional computational 
efficiency while considering the actual shape of the water 
molecules. The system was configured for simulation 
using a predetermined water model in an orthorhombic 
box with periodic boundary constraints determining the 
form and size of the box. An orthorhombic border box 
was used to cover the target receptor-ligand complexes, 
and further sodium-calcium ions were added to neutralize 
them. The salt concentration (0.15 M), positive salt ion 
(Na+), and negative salt ion (Cl-) were set to proceed 
further in the ion parameter settings. In the molecular 
dynamic simulation step, 100 ns time was selected with 
0.0 elapsed time and 10000 frames. The temperature was 
set to 310 K with a pressure of 1.01325 bar, and the NPT 
ensemble class was chosen. The Martyna-Tobias-Klein 
Barostat model and nose-hoover chain thermostat model 
were used, each with a 1.0 and 2.0 ps relaxation time, 
respectively.

Furthermore, a 0 to 10000 (ps) step interval was used 
in the randomized velocities. The simulation process was 
carried out at 100 ns. Dynamic cross-correlation matrix 
(DCCM) and principal component analysis (PCA) were 
studied to understand the dynamic behavior of residue 
motions in the conformations. Principal component 
analysis was used to calculate the critical dynamics, which 
reflect the fundamental protein movements required for 
enzymatic activity and residue displacement in the docked 
complex concerning time.24

The DCCM, on the other hand, was built to find 
correlated motions of residues. The information between 
the i and j atoms of a time-correlated protein is shown 
in the matrix (Cij). While negative values signify atomic 
displacement in the opposite direction, positive values 
denote motions that are parallel to or correlated with one 
another. Using the Maestro wizard visualizer, a radius of 
gyration algorithm was performed to assess the receptor 
compactness and overall stability.
ADMET properties and therapeutic application of drug 
molecules
ADMET profiling is a crucial step in drug discovery 
and development, allowing for the evaluation of 
pharmacokinetic and toxicological properties of potential 
drug candidates. The SwissADME database is a widely 
utilized tool for conducting ADMET profiling.25 In this 
study, the ADMET profiling of selected FDA approved 

compounds was performed using the SwissADME database. 
Initially, the chemical SMILE structures of the compounds 
were retrieved from PubChem databases. Subsequently, 
these structures were input into the SwissADME 
database, which generated comprehensive data on various 
pharmacokinetic and physiochemical properties of the 
compounds. The SwissADME database provides valuable 
insights into the pharmacokinetic quality of therapeutic 
candidates, encompassing parameters such as solubility, 
permeability, metabolic stability, and toxicity. Toxicity 
classification was performed using PROTOX method.26 
This classification system allowed for a standardized 
assessment of their safety profiles. Furthermore, the 
study explored the therapeutic applications of the FDA-
shortlisted drugs from the PubChem Database.
Free energy, kd, ki, and IC50 calculation
An MMGBSA method determined the minimum free 
energy of the docked complex of altered and unaltered 
EGFR.27 The MMGBSA was calculated using the following 
formula:

𝛥𝛥𝐺𝐺(𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏) =  𝛥𝛥𝐺𝐺(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) +  𝛥𝛥𝐸𝐸(𝑀𝑀𝑀𝑀) +  𝛥𝛥𝐺𝐺(𝑆𝑆𝑆𝑆)                   (1)

ΔGsol represents the difference in solvation energy 
between the receptor-drug complex and the individual 
solvation energies of the receptor and drug. ΔEMM 
indicates the difference in energy between the receptor-
drug complex and the combined energies of the 
unliganded receptor and drug. ΔG (SA) refers to the 
difference in surface area energy between the complex, the 
drug molecule, and the unliganded receptor.

The experimental dissociation constant (kd), inhibition 
constant (ki), and inhibitory concentration (IC50) were 
examined using data from the PubChem database. The 
dissociation constant kd reflects the affinity between the 
receptor and ligand when they are in equilibrium. A low 
kd indicates a high affinity, meaning the receptor readily 
binds to the ligand, while a high kd suggests a lower 
affinity and less binding.

The in silico kd dissociation constant is calculated by the 
following equation:
ΔG = RTlnkd                                                                        (2)

Where R is the gas constant (R=1.985 × 10−3 kcal mol−1 
K−1), T is the temperature in Kelvin.
Similarly, the following formula was used to determine the 
inhibition constant (ki) from the binding energy (∆G): 
ki = exp(ΔG/RT)                                                                   (3)

Where (R=1.985 × 10−3 kcal mol−1 K−1) is the universal 
gas constant and Temperature (T=298.15 K). 

Results
Analysis of clinical data
Genomic data retrieval and analysis of EGFR 
The current study observed 17 different study data sets 
with 4251 clinical samples retrieved from the cBioPortal 
cancer genomic dataset. This information also included 
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the types of neurogliomas, number of genomic profile 
samples, gene mutation numbers, structural variant 
genes, and patients’ survival rates. Additionally, the 
search term “EGFR” was used to filter the target gene data 
and examined at different data scale analyses, including 
oncoprint, neurogliomas types, mutation analysis, and 
patient's overall and disease-free survival rates.

Cancer types and mutational analysis 
There were 19% genetic alterations occurring on EGFR 
genes in neuroglioma patients, including missense 
mutations, amplifications, and deep deletions (Fig. S1). 
The analysis of EGFR gene mutational data also revealed 
432 missense, 5 truncating, 130 SV fusion, and 16 splice 
variant mutations (Fig. S2). We also identified that 
different types of neurogliomas have varying frequencies 
of gene alterations (Fig. 1). Genomic data were obtained 
from two groups: one with altered EGFR and the other 
with unaltered EGFR, comprising different samples 
and patient studies (Fig. S3). Further, the altered EGFR 
patient group exhibited a significantly higher frequency 
of alterations than the unaltered EGFR group (Fig. 2A-B). 
The mutation V774M on exon 19, with the highest allele 
frequency (0.97%), was selected for additional in silico 
computational studies as it represents the most significant 
risk for neuroglioma patients.

Survival analysis
Kaplan-Meier plots for overall survival and relapse-free 
survival were produced to compare the survival rates of 
the EGFR-altered and unaltered groups. According to the 

analysis, the altered EGFR group's overall survival rate was 
less than the unaltered group's, with a log-rank P value of 
0.00 (Fig. 3A). In the altered EGFR group, the life span 
of patients is only 120 months compared to the unaltered 
group, which is 340 months (Fig. 3A). According to the 
results of relapse-free analyses, the unaltered group has a 
better survival rate than the altered EGFR group, which 
suggests that the altered group had a considerably shorter 
lifespan. The relapse-free group's log-rank p-value was 
p-value = 0.00 (Fig. 3B). The survival months of patients 
with altered EGFR is 120 months compared to the 
unaltered EGFR patients group, which is 250 months (Fig. 
3B).

Expression analysis of EGFR gene in brain
The differential expression of EGFR mRNA vs. 
neuroglioma cancer types shows higher gain, amplification, 
and non-mutated EGFR in pheochromocytoma and 
paraganglioma glioma types (Fig. 3C). Similarly, the 
missense mutation expression is only present in pediatric 
high-grade gliomas compared to the other glioma cancer 
types (Fig. 3C). In pediatrics with low-grade glioma types, 
only gain and non-mutated alteration types are expressed 
in higher numbers (Fig. 3C). Moreover, shallow deletion 
shows expression in gangliogliomas and ependymoma 
tumors. Furthermore, the findings show that missense 
mutation and amplification are highly expressed at the 
mRNA and protein levels. The gain and non-mutated 
expression are significantly related when comparing the 
expression of different alteration types at the protein and 
mRNA levels (Fig. 3D). The spatiotemporal expression 

Fig. 1. Histogram showing the EGFR alteration frequency in various neuroglioma types.
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heat map results demonstrate that the striatum, amygdala, 
hippocampus, occipital cortex, cerebellum, and thalamus 
all have significant EGFR expression (Fig. S4A). The 
EGFR expression pattern represented a violin plot, with 
a substantial change in the brain caudate (basal ganglia) 
and brain nucleus accumbens than in another part of the 
brain (Fig. S4B).

Structural analysis
Assessment of the structure and accurate binding site 
prediction 
In the current study, the PDB ids of EGFR receptors were 

screened from the RCSB database, using the filters such 
as x-ray crystallography and species name - homosapiens, 
selected from 2010-2021 and resolution from 2.5 to 1.0. 
Å (Table S1). A total of 21 PDB ids were shortlisted from 
such search criteria. After careful analysis, 5 PDB IDs 
are shortlisted based on the non-mutation and single 
chain of the protein. Multiple sequencing alignment 
results suggest that 5 PDB ids, when aligned sequentially, 
found 4 IDs with 100% identity (Fig. S5). Finally, the 
high resolution (1.50 Å) of the 3D X-crystallography 
structure of the target EGFR with PDB ID - 3POZ was 
chosen over all the other shortlisted ids (Table S1). As 

Fig. 2. (A) Kaplan–Meier plots show overall survival and progression-free. (B) survival analysis of altered and unaltered EGFR.

Fig. 3. (A) Alteration frequency of unaltered and altered patient's groups, (B) log p value of the altered and unaltered patient group. (C) EGFR mRNA 
expression in various cancer types of neuroglioma with mutation types, (D) correlation of EGFR protein level expression vs. RNA expression in different 
mutation types.
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determined from the findings of the mutational analysis, 
the position of the amino acid (V774M) that was altered 
in the 3POZ structure reflects the mutated EGFR. The 
sequence and structural identity of the 3D design created 
with the Discovery Studio Visualizer was 99.69% identical 
to that of the 3POZ (Fig. S6B). When superimposed, the 
3D structures of the unaltered and altered EGFR revealed 
a slight conformational change at the reside number 
(V774M) (Fig. S6B). Meta-pocket methods predicted 
the ligand-binding site of both the unaltered and altered 
EGFR (Table S2). According to the conservancy results, 
the top three regions are identified: variable, average, and 
highly conserved. Most of the residues were identified as 
highly conserved, which were also found in the catalytic 
and binding regions of the EGFR PDB id: 3POZ (Table 
S2).

Structure validation 
Before proceeding further with the virtual screening 
process, the modeled 3D structure of altered EGFR is 
validated, and the results reveal the overall quality factor 
of 97.4 for the modeled structure (Fig. S7A). The overall 
quality factor of the 3D modeled structure was 97.40 (Fig. 
S7A). In the 3D/1D profile, 80% of the amino acid residues 
received a score of 0.2 (Fig. S7B). Most residues fall in the 
Ramachandran plot's favorable region, with an average Z 
score of 0.273 (Fig. S7C &D).
Ligand screening and docking 
Based on the virtual screening generated shortlist, each 
receptor's top ten best-hit compounds were selected based 
on their minimum docking score and the presence of at 
least one or more hydrogen bonds (Table 1). In addition, 
two compounds currently used in the treatment of 

Fig. 4. 2D Interaction analysis of docked complexes with bonds (A-F) unaltered EGFR showing interactions with compounds (A) ZINC000012503187, 
(B) ZINC000006716957, (C) ZINC000011679756, (D) ZINC000068153186, (E) Erlotinib and (F) Gefitinib, (G-L) mutant/altered EGFR showing residual 
interactions with shortlisted compounds (G) ZINC000006716957, (H) ZINC000012503187, (I) ZINC000003978005, (J) ZINC000068153186, (K) Erlotinib 
and (L) Gefitinib. 
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neuroglioma (Erlotinib and Gefitinib) were also included 
in the docking analysis. The results indicate that the 
shortlisted compounds exhibited a lower minimum free 
energy (-11.3 to -12.4 kcal/mol) compared to Erlotinib 
and Gefitinib (-7.8 to -8.7 kcal/mol) for both unaltered and 
altered EGFR (Table 1) suggesting that these compounds 
have a tremendous potential for binding and interacting 
with the receptors as compared to the currently used 
drugs. Furthermore, all compounds showed stable ligand 
contacts with the active site residues and minimal Gibbs 
free energy (ΔG). Based on the minimum free energy and 
hydrogen bonding interaction criteria, each receptor's 
top four lead compounds (altered and unaltered EGFR) 
were further shortlisted (Fig. S8 A-B). Figs. 4A-4L visually 
illustrate the 2D interactions between the top shortlisted 
docked structures, including the currently used drugs 
(Erlotinib and Gefitinib), towards unaltered and altered 
EGFR receptors. These figures provide insights into the 
molecular interactions responsible for the compounds' 
binding and potential therapeutic activity. The 2D 
interactions highlight specific receptor residues involved 
in crucial interactions with the compounds, such as 
hydrogen bonding, electrostatic interactions, and 
hydrophobic interactions. Analysis of the 2D interactions 
reveals that the currently used drugs, Erlotinib and 
Gefitinib, exhibit a lower number of hydrogen bonding 
interactions (0-4) with both unaltered and altered EGFR 
receptors compared to the shortlisted compounds (4-8). 
The 3D docked complexes and their interactions diagram 
of the shortlisted top hits for respective unaltered and 

altered EGFR are presented in Fig. 5A-H. The docking 
score of top lead candidate FDA drug molecules in the 
case of unaltered EGFR includes ZINC000012503187 (∆G 
= -12.0kcal/mol), ZINC000006716957 (∆G = -11.6kcal/
mol), ZINC000011679756 (∆G = -11.3kcal/mol), and 
ZINC000068153186 (∆G = -11.3kcal/mol), Erlotinib (∆G 
= -7.8 kcal/mol), and Gefitinib (∆G = -8.7kcal/mol) (Fig. 
S8A). For altered EGFR, the top lead compounds having 
minimum free energy include ZINC000006716957 (∆G 
= -12.4 kcal/mol), ZINC000012503187 (∆G = -12.0 kcal/
mol), ZINC000003978005 (∆G = -11.7 kcal/mol) and 
ZINC000068153186 (∆G= -11.6 kcal/mol), Erlotinib ((∆G 
= -7.7 kcal/mol), and Gefitinib (∆G = -8.1 kcal/mol) (Fig. 
S8B). These results confirmed that 4 compounds for each 
receptor out of 1615 FDA drug molecules could strongly 
target both the forms of EGFR receptors (unaltered and 
altered). These results also suggest that three shortlisted 
compounds are common for unaltered and altered EGFR, 
such as ZINC000012503187, ZINC000068153186, and 
ZINC000006716957.
Molecular dynamic simulation
Molecular dynamics simulation is used to understand 
better the physical motion of the atoms and molecules 
in the top hits system. The considerable average 
RMSD of unaltered EGFR complex with compounds 
(ZINC Database ids ZINC000012503187 = 2.3Å, 
ZINC000006716957 = 3.5Å ZINC000011679756 = 2.2Å, 
and ZINC000068153186 = 2.1Å) show promising results 
(Fig. 6A & Table 2). Similarly, the RMSF values of unaltered 
EGFR complexes were ZINC000012503187 = 3.5Å, 

Table 1. Docking score of top 10 shortlisted FDA-approved and standard drugs

Sr. No. ZINC id Docking score (∆G) kcal/mol. No of H bonds
Unaltered EGFR
1 ZINC000164760756 -12.3 5
2 ZINC000012503187 -12.0 4
3 ZINC000004099008 -11.6 7
4 ZINC000006716957 -11.6 8
5 ZINC000003978005 -11.5 4
6 ZINC000052955754 -11.5 5
7 ZINC000003932831 -11.3 4
8 ZINC000011679756 -11.3 4
9 ZINC000068153186 -11.3 7
10 ZINC000242548690 -11.2 7
11 Erlotinib -7.8 4
12 Gefitinib -8.7 3
Altered EGFR
1 ZINC000006716957 -12.4 3
2 ZINC000012503187 -12 3
3 ZINC000253632968 -12 4
4 ZINC000164760874 -11.8 6
5 ZINC000003978005 -11.7 4
6 ZINC000068153186 -11.6 3
7 ZINC000164760756 -11.6 4
8 ZINC000052955754 -11.5 4
9 ZINC000011616882 -11.3 2
10 ZINC000001550477 -11.1 4
11 Erlotinib -7.7 0
12 Gefitinib -8.1 4
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ZINC000006716957 = 3.1Å ZINC000011679756 = 3.4Å, 
and ZINC000068153186 = 3.3Å (Fig. 6B & Table 2). 
The altered/mutant EGFR complex has the best average 
RMSD values (include ZINC000006716957 = 3.6Å, 
ZINC000012503187 = 2.5Å, and ZINC000003978005 = 2.0Å 
and ZINC000068153186 =2.2Å) (Fig. 6C & Table 2). 
The average RMSF value of altered EGFR complexes was 
ZINC000006716957 = 3.0Å, ZINC000012503187 = 3.9Å, 
ZINC000003978005 = 3.6Å and ZINC000068153186 = 3.5 
Å (Fig. 6D & Table 2). Results also confirm the most common 
amino acid residues (Phe723, Val726, Lys745, Asp837, 
Asn842, and Asp855) for both the unaltered and altered 
EGR interacting with these top compounds having 4-7 H- 
bond interactions within the active site (Fig. S9A-F & Table 
2). These results indicate the drugs ZINC000012503187, 
ZINC000011679756, and ZINC000068153186 for 
unaltered and ZINC000003978005, ZINC000012503187, 
and ZINC000068153186 for altered EGFR formed strong 
stabilize complexes as compared to the ZINC000006716957 
drug complexes. Moreover, two drugs, ZINC000068153186 
and ZINC000012503187, intensely target both the EGFR-

altered and unaltered forms.
Moreover, the radius of gyration was also evaluated for 

both forms of EGFR. The secondary structures' degree of 
compactness within a protein's 3D structure is determined 
by the radius of gyration as a result of the molecule's 
center of mass, a high radius of gyration implies the loose 
packing of proteins. In contrast, a low radius of gyration 
suggests tight and robust protein packaging. After the 100 
ns simulation, both the apo structure and receptor-ligand 
complex structures show a high degree of compactness in 
the complex form. The radius of gyration for all top-best 
complexes in the unaltered and altered EGFR lies between 
19 and 20.5 (Figs. 7A and B).
Principal component investigations
In both the unaltered and altered EGFR receptor 
forms, the atoms' most significant displacements or 
motions are determined using the principal component 
analysis method. The initial few eigenvectors represent 
the consolidated primary movements, but their 
frequency diminishes, resulting in progressively 
confined and localized oscillations. The PCA results for 

Figure 5. 3D and surface view of docked complexes with shortlisted compounds a-d) docked complexes of unaltered EGFR (A) ZINC000012503187 (B) 
ZINC000006716957 (C) ZINC000011679756 (D) ZINC000068153186 (E-H) mutant/altered EGFR showing residual interactions with shortlisted compounds 
(E) ZINC000006716957 (F) ZINC000012503187 (G) ZINC000003978005 (H) ZINC000068153186.
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unaltered EGFR complexes with ZINC000006716957, 
ZINC000011679756, ZINC000068153186, and 
ZINC000012503187 show that the first three PCs account 
for 55.3%, 53.5.6%, 50.0 %, and 59.2% of the motion 
of deviation (Fig. S10A-D). For the altered EGFR, the 
compounds (ZINC000003978005, ZINC000006716957, 
ZINC000012503187, and ZINC000068153186) in the 
first 3 PCs account for 57.6%, 59.3%, 50.8%, and 45.7% 
residues motion observed complexes (Fig. S11A-D). Based 
on our findings, the amplitude of PC1 was found to be 
more significant in the altered EGFR than in the unaltered 
one. The graph displayed each protein conformation 
as a dot, representing the variation in the distribution 

of protein conformation. The continuous color display, 
ranging from blue to white to red, highlighted the various 
changes observed in the conformation of residues within 
the protein. This indicates that the altered EGFR exhibited 
more pronounced conformational variations than the 
unaltered one.
Dynamical cross-correlation matrix analysis 
The different ligand-binding site residuals' functional 
motion/displacement of atoms as a time scale are examined 
using the dynamical cross-correlation matrix (DCCM). 
Bio3D algorithm assesses receptor families' sequence, 
conformational heterogeneity, and structural changes. 
Additionally, several utility functions are included to allow 

Table 2. Average RMSD and RMSF of top hits with altered and unaltered EGFR

Receptor Compound name Average 
RMSD (Å) 

Average 
RMSF (Å) Interacting residues 

Unaltered 
EGFR

ZINC000012503187 2.3 3.5 Leu718, Phe723, Val726, Ala743, Lys745, Cys797, Asp837, Arg841, Leu844

ZINC000006716957 3.5 3.1 Gly719, Ser720, Phe723, Val726, Ala743, Lys745, Met766, Asp837, Leu844

ZINC000011679756 2.2 3.4 Ala722, Phe723, Val726, Lys745, Thr854, Asp855, Pro877

ZINC000068153186 2.1 3.3 Val726, Ala743, Lys745, Met766, Thr790, Arg841, Asn842, Leu844

Altered 
EGFR

ZINC000003978005 2.0 3.6 Leu718, Phe723, Val726, Ala743, Lys745, Leu792, Met793, Arg841, Asn842, Leu844

ZINC000012503187 2.5 3.9 Ala722, Phe723, Val726, Cys797, Asp800, Arg841, Leu844, Lys875, Pro877

ZINC000006716957 3.6 3.0 Gly719, Ala722, Phe723, Gly724, Thr725, Val726, Ala743, Lys745, Asp837, Asn842, 
Leu844, Asp855

ZINC000068153186 2.2 3.5 Val726, Ala743, Lys745, Met766, Leu777, Thr790, Asn842, Leu844, Asp855, Phe856

Fig. 6. RMSD and RMSF of unaltered and altered EGFR of top selected FDA drug compound comparison with APO forms (A) RMSD values of unaltered EGFR 
with ZINC000012503187, ZINC000006716957, ZINC000011679756, and ZINC000068153186. (B) RMSF values of unaltered EGFR withZINC000012503187, 
ZINC000006716957, ZINC000011679756, and ZINC000068153186. (C) RMSD values of altered EGFR withZINC000006716957, ZINC000012503187, 
ZINC000003978005, and ZINC000068153186.

https://www.google.com/search?sxsrf=ALiCzsZt9VXBn2U7MoMEuSq0wtb5jWy36A:1665574680126&q=angstrom+1+%C3%A5+in&sa=X&ved=2ahUKEwjdiZ-Zzdr6AhXw3TgGHQ6DDzcQ6BMoAHoECDEQAg
https://www.google.com/search?sxsrf=ALiCzsZt9VXBn2U7MoMEuSq0wtb5jWy36A:1665574680126&q=angstrom+1+%C3%A5+in&sa=X&ved=2ahUKEwjdiZ-Zzdr6AhXw3TgGHQ6DDzcQ6BMoAHoECDEQAg
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the R environment's statistical and graphical ability to 
interact with biological sequence and structure data. The 
DCCM graphs exhibit positive and negative correlation 
effects of the ligand-binding-related amino acid residues 
of unaltered and altered EGFR complexes and have 
different related motion patterns (Fig. 8A-H). The DCCM 
graph visualized in this study utilized dark cyan, white, 
and pink colors to represent specific patterns. Pink color 
represented anti-correlated pairs, indicating opposite 
motions of amino acid residues. Cyan color represented 
full cross-correlation pairs, indicating coordinated 
motions of residues. The analysis also showed that all the 
shortlisted compounds in the unaltered and altered EGFR 
docked complexes exhibited favorable residual correlated 
motions, indicating strong interaction and stability 
between the drugs and receptor residues (Fig. 8A-H).
ADMET properties and therapeutic application of drug 
molecules
All the FDA-shortlisted drugs in this study demonstrated 
favorable pharmacokinetic characteristics, as they fully 
complied with the Lipinski rule of five (ROL5). They 
further showed non-mutagenic and non-carcinogenic 
properties and exhibited blood-brain barrier (BBB) 
permeability. Moreover, they were classified as Class 
III with minimal toxicity (Table S3). In addition to 
their potential for neuroglioma treatment, these drug 
molecules have also been utilized for various other 

Fig. 7. (A) The Radius of gyration of the Mutant/altered form of EGFR with 
Apo-mutant   (B) Radius of gyration of the unaltered form of EGFR with Apo-
unaltered. 

Fig. 8. Dynamical cross-correlation matrix (DCCM) analysis of unaltered 
and mutant/altered EGFR,   (A-D) dynamic correlation of unaltered 
EGFR with FDA drugs: ZINC000006716957,  ZINC000011679756, 
ZINC000068153186, and ZINC000012503187. (E-H) dynamic  correlation of 
mutant EGFR with FDA drugs: ZINC000003978005, ZINC000006716957, 
 ZINC000012503187, and ZINC000068153186. 

medical conditions, including hepatitis C, hypervolemia 
or euvolemia, hypernatremia, acute lymphoblastic 
leukemia, migraine, histaminic cephalalgia, acute urinary 
retention, and promoting platelet synthesis in the bone 
marrow (Table S4).
Free energy, kd, ki, and IC50 calculation
Based on the results of the free energy calculation 
using MMGBSA, we observed that all of the shortlisted 
compounds exhibited a minimum free energy (ΔG) 
ranging from -37.8 to -63.25 kcal/mol (Table 3). These 
findings indicate that all these compounds possess a 
significantly considerable minimum free energy in both 
unaltered and unaltered EGFR receptors. The number 
of interacting amino acid residues involved in the drug 
binding mechanism of the top shortlisted drug molecules 
for each receptor altered EGFR and unaltered (Table 3). 
The dissociation and inhibition constants (kd & ki) result 
show minimum values between (0.0041 to 0.02818µM) 



Singh  et al

BioImpacts. 2024;14(3):2887612

Table 3. Free energy calculation (MMGBSA) of top best-docked hits and number of interacting residues involved in the drug binding mechanism

Compound name Docking 
score

MMGBSA
(∆G kcal/mol) Interacting residues

Unaltered 
EGFR

ZINC000012503187 -12.0 -58.8 Leu718, Phe723, Val726, Ala743, Lys745, Cys797, Asp837, Arg841, Leu844

ZINC000006716957 -11.6 -39.09 Gly719, Ser720, Phe723, Val726, Ala743, Lys745, Met766, Asp837, Leu844, 
Asp855

ZINC000011679756 -12.3 -52.53 Ala722, Phe723, Val726, Lys745, Asp837, Arg841, Thr854, Asp855, Pro877

ZINC000068153186 -11.3 -51.66 Val726, Ala743, Lys745, Met766, Thr790, Arg841, Asn842, Leu844

Altered 
EGFR

ZINC000003978005 -11.7 -57.33 Leu718, Phe723, Val726, Ala743, Lys745, Leu792, Met793, Arg841, Asn842, 
Leu844

ZINC000012503187 -12 -48.89 Ala722, Phe723, Val726, Cys797, Asp800, Arg841, Leu844, Lys875, Pro877

ZINC000006716957 -12.4 -37.91 Gly719, Ala722, Phe723, Gly724, Thr725, Val726, Ala743, Lys745, Asp837, 
Asn842, Leu844, Asp855

ZINC000068153186 -11.6 -63.25 Val726, Ala743, Lys745, Met766, Leu777, Thr790, Asn842, Leu844, Asp855, 
Phe856

Table 4. The experimental and in silico, dissociation constant (kd), inhibition constant (ki), and inhibitory concentration (IC50) of top best hits

Compound name
Experimental In silico

ki (µM) Kd (µM) IC50 (µM) Bioassay AID ki (µM) Kd (µM)

Unaltered EGFR

ZINC000012503187 0.00036 - 0.003 483982,  483984 0.00156 20

ZINC000006716957 0.0049 0.0041 0.00033 428367, 1386089, 624983 0.00307 19.6

ZINC000011679756 8.48 - 0.69 1217113, 1282019 0.00510 20.8

ZINC000068153186 8.48 0.013 0.0004 1424941, 1298014 0.00510 19.1

Altered EGFR

ZINC000003978005 0.000377 0.02818 0.000659 625190, 625190, 166825 0.00260 19.8

ZINC000012503187 0.00036 - 0.003 483982,  483984 0.00156 20

ZINC000006716957 0.0049 0.0041 0.00033 428367, 1386089, 624983 0.000796 21.1

ZINC000068153186 8.48 0.013 0.69 1217113, 1282019 0.00307 19.1

and (0.00036 to 0.0049µM) (Table 4). Similarly, the IC50 
of all shortlisted top best compounds was identified in 
the range of 0.00033 (minimum) to 0.69µM (maximum) 
(Table 4). Similarly, in silico kd and ki data shows a strong 
binding affinity of these drug molecules towards altered 
and unaltered EGFR (Table 4).

Discussion
The most prevalent form of cancer of the CNS is an 
astrocytoma, a glioma originating from astrocytes.28 

Various mutations, such as deletions, amplifications, 
missense mutations, and single nucleotide polymorphisms 
(SNPs), have been found in the EGFR gene in gliomas, 
particularly in GBMs.29 This study employed computational 
approaches to investigate genomic alterations in EGFR 
gene and their impact on survival rates in neuroglioma 
patients. It also utilized molecular docking and drug 
screening techniques to identify potential lead drug 
molecules from the FDA-approved library for improved 
and targeted neuroglioma treatment with repurposing 
approach. Clinical analysis of 17 neuroglioma data sets 
for a total of 4251 patient samples suggests that 19% of 
genomic alterations were observed with the highest 
missense mutation counts (432), followed by amplification 
and mutational counts as compared to the other data 

sets (Figs. S1 & S2; Figs. 1 & 2). The missense mutation 
(V774M) in exon 19 with the highest allele frequency 
(0.97%), which reflects the highest risk for neuroglioma 
patients, was chosen for further analyses. This also 
indicates that mutated EGFR contributes significantly 
to these neuroglioma patients. Identifying specific 
mutations, such as the V774M missense mutation, which 
has the highest allele frequency and represents a high-risk 
factor for neuroglioma patients, provides crucial insights 
for understanding the underlying molecular mechanisms 
of the disease. These findings contribute to our knowledge 
of the genetic landscape of neuroglioma and can 
potentially aid in the development of targeted therapeutic 
strategies. In about 40% of tumors, neuroglioma exhibits 
EGFR gene mutations, amplification, and overexpression, 
a poignant characteristic of this disease.10 Scientific 
evidence suggests that abnormal/mutant EGFR signaling 
is involved in cancer development and is also responsible 
for therapeutic resistance, showing variable survival 
rates.30,31 According to the survival analysis, patients with 
alterations in the EGFR gene had lower overall survival 
and progression-free rates than patients with unaltered 
EGFR (Fig. 3). In the overall survival rate, the life span 
of the altered EGFR patient group was 160 months lower 
as compared to the unaltered EGFR. These findings also 

https://pubchem.ncbi.nlm.nih.gov/bioassay/483982
https://pubchem.ncbi.nlm.nih.gov/bioassay/483982
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emphasize the need for targeted therapies that specifically 
address EGFR alterations, as they can potentially improve 
patient outcomes and survival rates.

The progression-free survival rate of the altered EGFR 
group was found to be 50% lower compared to the unaltered 
EGFR group. These results suggest that altered EGFR 
expression in neuroglioma patients is associated with a 
higher risk and potentially shorter lifespan compared to 
patients with unaltered EGFR expression. These results 
also indicate that mutant/altered EGFR is responsible 
for reducing overall patient survival and poor prognosis. 
Therefore, finding these particular high-frequency EGFR 
mutations and amplifications in neuroglioma patients will 
enable us to target the disease and evaluate its condition. 
So, it is necessary to assess the differential expression of 
such mutation types at the mRNA and protein levels to 
check their roles at the molecular level (Fig. 3).

Further, EGFR mRNA expression analysis suggests 
its expression is high in pheochromocytoma and 
paraganglioma cancer types with gain, amplification, 
and non-mutated mutation types compared to other 
neuroglioma cancer types (Fig. 3A). Similarly, the missense 
mutation in EGFR shows high expression in only pediatric 
high-grade gliomas compared to different neuroglioma 
subtypes (Fig. 3A). The outcomes of these results shed 
light on the prognostic value of EGFR alterations, identify 
high-frequency mutations and amplifications, and 
highlight the importance of assessing EGFR expression 
at the molecular level. The findings also contribute to a 
deeper understanding of neuroglioma pathogenesis and 
have the potential to shape future treatment approaches, 
ultimately improving patient outcomes in this challenging 
disease.

Furthermore, both the mRNA and protein levels of the 
EGFR missense mutation and amplification are highly 
expressed, indicating the development of the disease and 
poor clinical outcomes (Fig. 3B). The higher expression of 
missense mutations also suggests that such mutations have 
an essential role in disease progression and development.32 
Evidence also indicates that novel missense mutations 
account for 13.6% (18/132) identified in the EGFR gene 
in GBM patients and 12.5% (1/8) in GBM cell lines.33 

From our analysis, it is also evident that 72% of missense 
mutations occur in the neuroglioma patients of the 
EGFR receptor compared to the other mutation types. 
Identifying novel missense mutations in the EGFR gene 
in neuroglioma patients is a significant finding with 
important implications. It expands our knowledge of 
the genetic landscape of neuroglioma and highlights the 
diverse mutational profiles within the EGFR receptor. 
Understanding the specific mutations in neuroglioma 
patients, particularly the prevalence of missense 
mutations, provides valuable insights into the underlying 
genetic mechanisms driving the disease. Our findings 
also provide valuable insight for further research and the 
potential development of future treatment approaches 

targeting these specific mutations. By recognizing the 
importance of such novel mutations, we can potentially 
improve diagnostic accuracy and prognostic assessments 
and ultimately develop more effective and targeted 
therapies for neuroglioma patients.

Furthermore, it is crucial to understand the expression 
pattern of EGFR in different brain regions, which is 
more susceptible to missense mutations in the case of 
neuroglioma. One of the contributing factors for the 
missense mutations of EGFR in the brain to form the 
neuroglioma is its high expression in the striatum, 
amygdala, hippocampus, cortex, cerebellum, and 
thalamus (Fig. S4). Hence, the missense mutation 
observed at V774M, which accounts for a significantly 
higher percentage of all the mutations observed in 4251 
patient samples, is chosen as the putative target. The 
mutation (especially missense) occurs in the intracellular 
EGFR kinase domain, that may result in increased ATP 
binding and account for chemotherapy drug resistance.16 
Also, it is already known that altered EGFR signaling plays 
a role in glioma's high resistance to chemotherapy and 
radiation.12, 34 

Hence, it is crucial to identify that the new drug 
molecules can directly bind with the altered and unaltered 
EGFR, regulating expression in neuroglioma patients and 
increase patient survival. The mutation (V774M-EGFR) 
in exon 19 with the highest allele frequency was selected 
in the current investigation for additional computational 
in silico analyses. The 3POZ PDB id chosen for EGFR has 
the highest resolution (1.50 Å), is a non-mutant, and has 
a high sequence identity as compared to other PDB ids 
for EGFR (Figure S5, Table S1). Therefore, the mutant 
(V774M) structure of EGFR was modeled to obtain a 3D 
structure. The 3D structures of the altered and unaltered 
EGFR superimposed show a slight conformational change 
at the reside number (V774M) (Figure S6), and both 
structures are highly compact (Fig. S6). The mutant 3D 
EGFR model shows best-validated scores suggesting 
the overall good quality of the 3D structural model that 
can be used for further studies (Fig. S7). These results 
provide a foundation for exploring the potential targeting 
of altered and unaltered EGFR receptors in neuroglioma 
treatment and pave the way for further studies to develop 
novel therapeutic interventions based on the identified 
structural characteristics.

The analysis of amino acid residues involved in the 
interaction with drug molecules reveals that the altered 
and unaltered EGFR receptors share common residues 
in their binding sites (Table S2), indicating overlapping 
regions where the drugs can interact and potentially exert 
their effects. In drug discovery, assessing the structural 
conservation of the receptor, mainly the active site, is 
crucial.35 Our study shows that conservation analysis 
indicates that the residues forming the active site exhibit a 
high degree of conservation. These conserved residues are 
predominantly located in the catalytic site of the altered 
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and unaltered EGFR receptors (Table S2). Understanding 
the conservative areas of these receptors, including the 
active site, can aid in selecting effective drug candidates 
for regulating the receptor's mechanism involved in 
the pathophysiology. This information enhances the 
understanding of the receptor's structure-function 
relationship and aids in designing and developing effective 
drugs for therapeutic interventions.

The docking studies demonstrate that the top 
shortlisted compounds, selected from 1614 FDA-
screened compounds, exhibit strong interactions with 
the active sites of both unaltered and altered EGFR 
receptors, accompanied by significant hydrogen bonding 
interactions (Fig. S8 and Table 1). These findings also 
indicate that six specific amino acid residues (Phe723, 
Val726, Lys745, Asp837, Asn842, and Asp855) engage in 
interactions with the shortlisted drug molecules (Figs. 
4-5 and Fig. S9). In contrast, the currently used drugs for 
neuroglioma treatment, Erlotinib, and Gefitinib, employed 
in EGFR target therapy, display lower docking scores and 
fewer hydrogen bonding interactions when compared to 
the shortlisted drugs for both unaltered and altered EGFR 
cases (Fig. 4 and Fig. S8). Hydrogen bonding is essential 
for stabilizing ligand-receptor complexes and influencing 
the binding affinity and effectiveness of the compounds 
as potential therapeutic agents. This finding indicates 
that the identified compounds have a higher potential 
for forming stable hydrogen bonding interactions with 
the receptor, which may contribute to their improved 
efficacy in neuroglioma treatment. The disparity in the 
number of hydrogen bond interactions emphasizes their 
importance in drug-receptor binding. It also highlights 
the potential advantages of these compounds over the 
currently used drugs. These findings further indicate that 
these compounds have the potential to be more effective 
in neuroglioma treatment compared to Erlotinib and 
Gefitinib. 

The study also revealed that the V774M missense 
mutation, despite being present in the active site, did 
not play a role in interacting with the FDA-screened 
drug molecules. This observation suggests that the top 
common shortlisted compounds can effectively interact 
with the active site region of both altered and unaltered 
EGFR receptors. Bonding interactions between the 
receptors and drugs were identified as critical mechanisms 
in the interaction process, facilitating the formation of an 
efficient number of bonds. These interactions are crucial 
as they contribute to stabilize the ligand-target receptor 
interaction.36 In a recent study, isatin analogs were screened 
against five EGFR receptors (PDB ID 2J5F, 1M17, 2ITW, 
2ITX, and 2ITY) with common interacting residues, 
though with differential interaction affinities.37 This study 
only presents the interaction ability of isatin analogs in 
the expressed EGFR receptors. However, our study not 
only evaluated the active site sequence homology and 
conservative regions of the altered and unaltered EFGR 

mutation having missense mutations, but also observed 
common drugs interactions with both receptors showing 
a multitargeting approach. 

Further, the molecular dynamic simulation analysis 
suggests the overall stability of the docked complex 
structure. Molecular dynamic simulation studies (RMSD 
and RMSF) indicate that each target's top shortlisted 
compounds for respective EGFR targets showed stabilized 
ligand-target complexes. These findings suggest that 
drugs ZINC000012503187, ZINC000011679756, and 
ZINC000068153186 strongly stabilize the unaltered EGFR 
and drugs ZINC000003978005, ZINC000012503187, 
and ZINC000068153186 stabilize the altered EGFR as 
compared to the ZINC000006716957 drug. The drug 
ZINC000006716957 shows less complex stability towards 
altered and unaltered EGFR. However, only two common 
compounds ZINC000012503187 and ZINC000068153186 
effectively stabilized both the altered and unaltered EGFR 
complexes with considerable RMSD and RMSF values 
(Fig. 6 and Table 2). These findings suggest that the 
selected drugs can promote stable interactions with their 
respective target receptors, leading to the overall stability 
of the ligand-target complexes. Such stability is crucial 
for the drugs' potential efficacy in regulating receptor 
activity and exhibiting therapeutic effects in neuroglioma 
treatment. The Radius of gyration suggests how these stable 
docked complex structures can be tightly packed into a 
three-dimensional (3D) structure.37 Proteins have the 
highest Radius of gyration among the protein sizes taken 
into account, indicating a less tightly packed structure 
than a low radius of gyration (ROG).38 As determined 
by the Radius of gyration studies, all the top shortlisted 
FDA-approved drug compounds, upon binding with the 
active site, show the tightly packed structures of both 
EGFR complexes (unaltered and altered) (Fig. 7). This 
suggests that these drugs effectively occupy and interact 
with the active sites of the receptors, leading to a compact 
arrangement of the complexes.

Once the stabilized and compact structures are obtained, 
further understanding of the motion of the amino acid 
residues and their displacement in the equilibrium state 
is necessary to deduce the overall binding interaction of 
the complex. Principal component analysis (PCA) tells 
the overall motion of atoms and their displacement in an 
equilibrium state, reflected as the clusters of tightly packed 
complexes in the 3D structural complex.39 Results reveal 
that the molecular interactions of the ligands with the 
receptors show thermodynamically distinct movements 
of atoms with a significant energy barrier within the 
altered and unaltered EGFR-docked complexes. However, 
three compounds, each of unaltered and altered EGFR 
complex, having two compounds in common, show 
a gradual conformational shift in the clusters from 
the initial blue cluster to the white cluster to the red 
color cluster (Figs. S10 and S11). With visual pattern 
recognition, the DCCM is a three-dimensional graphic 
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representation of time-correlated data for all amino acid 
residues that bind ligands.40 According to our findings, 
all of the shortlisted drugs, including the two drugs that 
were tested on both receptors (the altered EGFR and the 
unaltered EGFR), showed excellent residual correlated 
motions and displacement of binding residues, indicating 
a strong interaction ability of such drugs towards the 
residues in the active sites (Fig. 8). These findings 
emphasize the favorable interaction potential between 
the selected drugs and the binding residues, enhancing 
our comprehension of the dynamic behavior exhibited by 
the drug-receptor complexes. Moreover, these outcomes 
offer valuable insights into the motion, clustering, and 
dynamic interaction patterns observed within drug-
receptor complexes. It is also observed that the shortlisted 
drugs have been found to have BBB permeability, which 
suggests that they can cross the blood-brain barrier and 
potentially be used to treat neurological conditions such 
as neuroglioma (Table S3). The shortlisted drugs have also 
been utilized to treat a diverse range of illnesses, including 
hepatitis C, hypervolemia or euvolemia, hypernatremia, 
acute lymphoblastic leukemia, migraine, histaminic 
cephalalgia, acute urinary retention, and to promote 
platelet synthesis in the bone marrow (Table S4). These 
results suggest that the shortlisted drugs exhibit potential 
efficacy in neuroglioma treatment, can cross the blood-
brain barrier, and have demonstrated effectiveness in 
treating a wide range of other illnesses. These findings 
contribute to their potential value as a possible therapeutic 
option for neuroglioma.

Additionally, free energy calculations (MMGBSA) 
present the strength and stability of the binding of 
docked drug molecules with their respective receptors. 
The MMGBSA results show that the top shortlisted 
compounds exhibit the least free energy, demonstrating 
the high binding affinity of these drugs for both receptors 
except a single compound (ZINC000006716957) (Table 3). 
Moreover, free energy calculations suggest that the most 
conserved active site residues interact with the shortlisted 
drug compounds and have a high binding affinity towards 
altered and unaltered EGFR (Table 4). These outcomes 
demonstrate the selected drug molecules robust binding 
potential and ability to interact effectively with the target 
receptors.

The binding affinity of drug molecules can be 
experimentally validated using the dissociation 
constant (kd), inhibition constant (ki), and inhibitory 
concentrations. In our study, the experimental results 
demonstrated that the FDA-approved drug compounds 
shortlisted for investigation exhibited the lowest kd and 
ki values (as shown in Table 4). Moreover, computational 
calculations of kd and ki also indicated a strong affinity 
between these shortlisted drug molecules and their 
respective altered and unaltered EGFR receptors (Table 
4). Further, the inhibitory concentration (IC50) of the top 
shortlisted compounds was found to be low, indicating 

that even at minimal concentrations, these compounds 
effectively inhibited the expression of altered and 
unaltered EGFR, consequently impeding the proliferation 
of neuroglioma cells (Table 4). The results suggest that the 
selected drug molecules successfully bind to altered and 
unaltered EGFR, contributing to stable formation of the 
drug-receptor complex. The minimum free energy values 
obtained from the drug binding mechanism support this 
observation. These findings also suggest that the identified 
FDA-approved drugs in this study possess a high affinity 
for their target receptors, namely altered and unaltered 
EGFR. As a result, these drugs show the potential to 
effectively regulate the expression of these receptors in 
neuroglioma patients, showcasing a promising multi-
target-based therapeutic drug repurposing approach.

Conclusion
The EGFR overexpression and their mutations are 
amongst the most distinguishing characteristics of GBM, 
but the cell-biological complexity of this target has long 
outpaced therapeutic advancements. According to the 
new understanding, the analysis of the neuroglioma 
patient data reveals that the EGFR (altered expression) 
is mutated in various ways, with a higher percentage of 
missense mutations occurring at V774M in exon 19 of the 
EGFR. The altered EGFR expression groups have lower 
overall survival and progression-free survival rates than 
the unaltered EGFR groups of neuroglioma patients. The 
top shortlisted FDA-approved drugs (3 for each receptor 
(2-common)) are vital and efficiently bind to the active site 
residues of unaltered and altered EGFR receptors. These 
compounds exhibit favorable docking scores, indicating 
a strong binding affinity, compared to the currently used 
drugs, Erlotinib and Gefitinib. The efficient binding of the 
top shortlisted drugs to the active site residues suggests 
their potential effectiveness in targeting the EGFR 
receptors. By interacting with specific amino acid residues 
within the receptor's active site, these compounds have the 
potential to modulate the receptor's function and inhibit 
signaling. Molecular dynamic simulation studies (RMSD 
and RMSF) suggest that the top 3 compounds for each 
target exhibit stable ligand-target complex structures. The 
Radius of gyration analysis indicates that the shortlisted 
molecules have the most tightly packed complex structures 
of altered and unaltered EGFR. PCA and DCCM results 
indicate thermodynamically different motions of atoms 
and good residual correlated motions that indicate a 
strong affinity for the ligands and residues in the active site 
of the altered and unaltered EGFR. Minimum free binding 
energy (∆G, MMGBSA) values suggest the strong binding 
affinity of these drugs for both receptors. The minimum 
kd and ki values indicate the greater binding affinity of 
common drug molecules and a smaller amount of drug 
needed to inhibit the respective EGFR receptors' activity.
Furthermore, the low IC50 values of shortlisted 
FDA-drug molecules indicate that these 3 shortlisted 
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What is the current knowledge?
√ The EGFR (unaltered) and its mutated (altered) forms are 
emerging targets due to  their specific altered expressions in 
neuroglioma patients.  

What is new here?
√ Neuroglioma patient samples genomic and proteomic 
analyses (of 3835 patients/4251  samples, CBioPortal) reveal 
19% genetic alterations (missense mutations (V774M),  exon 
19) in EGFR with high allele frequency. 
√ The Kaplan–Meier survival plots indicate unaltered group's 
overall relapse-free  survival rate was higher than the altered 
group. 
√ Both the unaltered and altered EGFR were screened for 
FDA-approved (1615 tested,  ZINC database) drugs to choose 
a lead compound. 
√ The lead compound has the lowest Gibbs free energy, 
showing minimum kd, ki, and  IC50 values for each target. 
√ Molecular dynamic simulation studies suggest 
ZINC00001253187 can effectively  target both the unaltered/
altered EGFR and a therapeutic drug of choice for glioma.  

Research Highlights

compounds for each receptor (2-common) are effective 
at low concentrations suggesting their high potential 
use. These results support useful and informative signs 
for identifying accurate therapeutic agents targeting 
the unaltered and altered EGFR receptors. Therefore, 
this study identifies 3 each efficient drug candidate 
molecules (ZINC000011679756, ZINC000012503187, 
and ZINC000068153186 (Conivaptan-Benzazepine and 
Dabrafenib-aminopyrimidine) for unaltered EGFR) 
and ZINC000003978005, ZINC000012503187, and 
ZINC000068153186 for altered EGFR). Furthermore, 
compounds ZINC000012503187 and ZINC000068153186 
(Conivaptan-Benzazepine and Dabrafenib-
aminopyrimidine) are the common drug candidates 
that show high potential towards their development as 
therapeutic repurposing drugs for both the altered and 
unaltered EGFR receptor for neuroglioma patients.
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