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ABSTRACT: Glioblastoma (GBM) is the most aggressive form of adult brain cancer with a five-year survival rate of 6.9%.
Epidermal growth factor receptor (EGFR) is a major target for cancer therapeutics, particularly glioblastoma. EGFR mutations
are seen in approximately 50-60% of GBM cases. The most frequent EGFR mutation, EGFRVIII, results from a deletion of
exons 2-7 and occurs in 34-63% of GBM genetic alterations. In this work, we research the effect of the EGFRvIII mutation by
visualizing EGFR and EGFRVIII protein structures and performing molecular docking to 6 ligands. According to our analysis,
the EGFR variant III has a generally negative effect on the binding affinity of the selected ligands compared to the wild-type
EGFR structure. In addition, visualization of the structures revealed that the mutant is missing several residues of the binding
domain. Therefore, we suggest that the EGFRvIII mutation may negatively affect EGFR structure, leading to glioblastoma

proliferation.
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H Introduction

Glioblastoma (GBM) is the most lethal, aggressive, and
prevalent primary brain tumor in adults characterized by its
malignancy and poor prognosis." The current standard of care
for GBM-maximal surgical resection in concert with radia-
tion therapy and chemotherapy—has not resulted in beneficial
outcomes for patients with a median survival time of only 14.6
months.>* Epidermal growth factor receptor (EGFR) is a
transmembrane receptor tyrosine kinase that is key in regulat-
ing cell growth, proliferation, and survival in tissues originating
from epithelia.* Atypical EGFR signaling is a hallmark of var-
ious cancers, particularly glioblastoma.> EGFR mutations are
expressed in approximately 50-60% of GBM patients, mak-
ing them attractive targets for therapeutic intervention.® The
most common EGFR mutation - EGFRVIII (also known as
de2-7EGFR and AEGFR) - occurs due to the in-frame de-
letion of exons 2-7, 801 base pairs (bps), from the wild-type
(WT) EGFR coding sequence.6 The EGFR variant I1I muta-
tion is found in ~50% of EGFR-amplified GBM cases and is
linked to increased glioma cell proliferation.” The EGFRvIII
mutations role as a therapeutic target is controversial but
its oncogenic potential has called for recent development in
mutant receptor-targeted therapeutics.® These EGFR muta-
tions are associated not only with glioblastoma but also with
other cancers, including non-small cell lung cancer, head and
neck cancers, and colorectal cancer. These mutations result in
the constitutive activation of the EGFR signaling pathway,
contributing to tumor development and rendering tumors re-
sistant to various therapies. The different ways in which EGFR
is targeted by various TKIs influence the different treatment
options for these malignancies. Erlotinib and gefitinib, small
molecule tyrosine kinase inhibitors (TKIs), have shown early
promise in preclinical and clinical studies, but their efficacy is

often limited by the emergence of resistance mechanisms.”'

The TKIs employed in this analysis were Erlotinib (Tarceva),
Gefitinib (Iressa), Afatinib (Gilotrif), Dacomitinib (Vizim-
pro), and Osimertinib (Tagrisso). Erlotinib and Gefitinib are
examples of EGFR TKIs; both drugs are reversible inhibitors
generally used in NSCLC with EGFR mutations, although
resistance may eventually build up. Afatinib is an irreversible
TKI that targets EGFR, HER2, and HER4, administered in
specific EGFR mutations. Dacomitinib is also irreversible and
provides more potent EGFR inhibition, used as a first-line
EGFR-mutated NSCLC treatment. Osimertinib is an irre-
versible TKI of the third generation, targeting both sensitizing
and resistance mutations such as T790M, and is thus indicated
in both new diagnoses and resistance.

Understanding the structural and functional ramifications of
the EGFRvIII mutation remains essential. The primary objec-
tive of this study was to analyze the structural differences and
explain the potential functional ramifications of the mutated
EGFRVIII structure compared to its wild-type EGFR form.
We also docked EGFR and EGFRVIII to 6 ligands to com-
pare binding characteristics between the structures. Molecular
docking simulations work by predicting the likely orientation
of a ligand when bound to a target protein. This aids in identi-
fying binding affinities and simulating interactions to improve
therapeutic efficacy. By mapping binding sites, structural
similarities, etc. we aimed to gain insights into the structural
determinants of drug binding and resistance. Two major pa-
rameters have also been analyzed: SwissParam-derived binding
affinity scores and Attracting Cavities scores. Binding affinity
scores reflect alterations in the receptor-mediator interaction
involving EGF and therapeutic agents upon mutation and thus
the effects on the efficacy of targeted treatments. AC scores
give a detailed analysis of the stability of confirmation and
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structural changes that may affect receptor function. Collec-
tively, these measurements give a more defined account of how
the EGFR mutations confer cancer aggressiveness and ther-
apeutic resistance. The findings of this study may inform the
development of novel therapeutic strategies that specifically

target EGFRvIII-driven GBM.
B Methods

We first determined which protein mutations influenced
glioblastoma (GBM) progression through an extensive lit-
erature review and data analysis. Genomics repositories such
as The Cancer Genome Atlas (TCGA) and cBioPortal were
utilized to identify frequently mutated genes associated with
GBM. After identifying EGFR as a focal interest, we con-
sulted various repositories to locate appropriate structures for
analysis. The WT EGFR structure (ID 1ivo)'" was retrieved
from the Protein Data Bank in Europe (PDBe). The EG-
FRVIII structure (ID 8UKX)'? was retrieved from Protein
DataBase (PDB).

The EGFR and EGFRVIII PDB files were loaded into Py-
MOL for visualization. Subsequently, they were aligned using
the command [align X, Y] to compare the residues. This high-
lighted the core regions of EGFR and EGVRVIII having high
structural similarity. The root mean square deviation (RMSD)
was calculated to quantitatively define alignment quality. The
command employed was [rms_cur target, mobile].

Using SwissDock, 12 molecular docking simulations were
run. 6 ligand-target simulations were performed for the
EGFR and EGFRVII each. The 6 ligands chosen consisted
of epidermal growth factor (EGF) and tyrosine kinase in-
hibitors (TKIs) which are small-molecule EGFR inhibitors
designed to block kinase activity and prevent downstream
signaling that exacerbates tumor growth. The selected ligands
were Epidermal Growth Factor, Erlotinib (Tarceva), Gefitinib
(Iressa), Afatinib (Gilotrif), Dacomitinib (Vizimpro), and
Osimertinib (Tagrisso). These ligands were selected due to
their drug-like size and structural availability. In SwissDock,
the ligand and target PDB files were loaded. The search space
was automatically defined and Random Initial Conditions was
set to 1. Thereafter, the Attracting Cavities (AC) (the ligand
binding modes in docking simulation) score and SwissParam
scores (approximation of ligand’s binding free energy to a tar-
get) were interpreted and statistically analyzed to determine
differences between the binding of the ligands to the EGFR
and EGFRVIII structures.

Figure 1: Overlayed structures of EGFR and EGFRvIII in PyMOL
visualization. Key conformational differences in the extracellular domain and
within the mutation-specific region of EGFRVIII are shown.
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Figure 2: Epidermal growth factor and epidermal growth factor receptor
dimerization arm in SwissDock. Binding occurs within the amino-terminal
622 amino acids extracellular region.

B Results and Discussion

Structural Comparison of EGFR and EGFRvIII:

Visualization confirmed the EGFRvIII mutation leads to
the loss of nearly the entire domain I and a portion of domain
IT in the EGFR extracellular region. The EGFRVIII structure
was significantly smaller than EGFR due to the truncation of
exons 2-7. Despite this notable size difference, the structures
showed similar alignment with several regions corresponding
(Figure 1). The MatchAlign score of 1183.500 generated by
PyMOL indicated high alignment but the RMSD score of
15.415 suggests significant structural differences, being, on av-
erage, the corresponding atoms in the structures are 15 A apart
after alignment. Visualization of the protein structures con-
firmed these differences in conformation and visibility of the
ligand binding site between the structural variants (Figure 2).
Additionally, the absence of a part of domain II in EGFRvIII
disrupted the dimerization arm, a key structural element in-
volved in ligand-induced EGFR dimerization and subsequent
activation.

Molecular Docking Simulations

Molecular docking simulations were performed to charac-
terize the interactions between EGFR, EGFRVIII, and six
ligands in SwissDock. The results, summarized in Table 1
show that EGFRVIII has consistently higher AC scores com-
pared to EGFR across all ligands. However, the SwissParam
scores, which estimate binding free energy, generally favored
EGFR over EGFRVIII indicating a stronger predicted bind-
ing affinity for the wild-type receptor.

Statistical Analysis:

All data were analyzed using R version 4.2.0 (R Core Team,
2021). Paired t-tests were performed to compare the AC
scores and SwissParam scores between EGFR and EGFRvVIII
for each ligand. The resulting p-values were adjusted using
Bonferroni correction to account for multiple comparisons.
Statistical analysis revealed significant differences for both AC
scores (t = -9.03, p < 0.001) and SwissParam scores (t = -3.86,
p = 0.024) between EGFR and EGFRVIII across all six li-
gands, even after Bonferroni correction. These results confirm
that EGFRVIII leads to a significant reduction in ligand bind-
ing affinity compared to the wild-type receptor.
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Table 1: Molecular Docking Results for EGFR and EGFRVIII to 6
Ligands.

Ligand EGFR AC EGFRvIII AC ].EGFR E(.;FRVIH
SwissParam SwissParam

EGF 436.500 5306.751 -7.5629 -6.6026
Erlotinib 145.410 5098.166 -7.0965 -6.2711
Gefitinib 159.543 4430.670 -7.0214 -6.4773
Afatinib 170.150 3655.460 -6.6018 -6.5527
Dacomitinib 71.971 7488.680 -7.6954 -6.0985
Osimertinib 233.906 6477.591 -7.6124 -6.7766

B Discussion

This research investigated the structural and functional
implications of a major oncogenic driver in glioblastoma: the
EGFRvIII mutation. We used in-sifico modeling and mo-
lecular docking simulations to compare EGFRVIII structure
with that of wild-type EGFR and found critical differences
in the ligand-binding region and dimerization arm of the re-
ceptor. Our structural data indicate that EGFRvIII adopts a
tethered-like conformation, as has been observed in the un-
liganded state of wild-type EGFR." This conformation may
prevent ligand-induced dimerization with wild-type EGFR
and may affect its signaling and interaction in GBM.

Our docking simulations with different ligands, including
the natural ligand EGF and different types of TKIs, empha-
size that EGFRVIII, in general, has lower binding affinity
compared to the wild-type EGFR. This observation of our
structural analysis where we identified that the EGFRvIII
mutation led to the loss of residues crucial in ligand binding.
The lower ligand binding affinity of EGFRVIII could interfere
with normal signaling by EGFR and this could partly explain
the uncontrolled cell division associated with glioblastoma.
Moreover, the modified ligand binding pocket might account
for the poor response of the existing EGFR-targeted therapies
in treating glioblastoma with EGFRvIIIL.

Interestingly, docking results also revealed that EGFRvIII
can still interact with certain ligands, including EGF, despite
its impaired binding affinity. This observation is consistent
with previous studies suggesting weak ligand binding to EG-
FRVIIL* The ability of EGFRVIII to bind ligands, even with
reduced affinity, raises questions about its potential to activate
downstream signaling pathways and contribute to tumorigen-
esis.® The structural analysis from the reference paper further
supports this notion, showing that domain III of EGFRVIII
remains accessible for ligand binding. The EGFRVIII is a
mutant form of the epidermal growth factor receptor that
contains ligand-independent, constitutive activation. Whereas
its wild-type counterpart requires EGF binding to attain an
active state, the EGFRVIII is, by contrast, constitutively active
without this requirement. This leads to persistent activation
of downstream signaling pathways, such as PI3K/AKT and
RAS/RAF/MEK pathways, implicated in tumor growth and
survival. Moreover, defective endocytic degradation of EG-
FRvIII results in prolonged residence of the receptor at the cell
surface and an additional contribution to chronic oncogenic

signaling. These properties explain why diminished binding of
EGF does not diminish the tumorigenic competence of EG-
FRVIII and instead renders it more aggressive and challenging
for therapeutic interventions.

Due to the heterogeneity of EGFR mutations in glioblas-
toma, targeted approaches should focus on specific molecular
anomalies driving tumor growth. Future work should address
characterizing structural and functional implications of other
common EGFR mutations for glioblastoma. While this com-
putational analysis provides promising insights, these results
should be experimentally validated by future research studies.
Additionally, further research should investigate combination
therapies that target numerous pathways.

B Conclusion

In summary, our computational study of EGFR and EG-
FRVIII suggests that the EGFRvIII mutation drastically
changes the conformation of the receptor’s ligand-binding
domain and therefore decreases the binding of different
ligands to the receptor. Such structural changes may be re-
lated to the malignant behavior of glioblastoma and may be
the reason for the poor sensitivity of current EGFR-targeted
therapies in treating tumors with the EGFRVIII mutation.™
The lowered ligand binding affinity of EGFRvVIII may further
lead to uncontrolled cell division and tumor formation — two
characteristics of glioblastoma. Because EGFRVIII is such a
significant factor in GBM progression, the creation of targeted
drugs that block the receptor continues to be an active line of
inves'cigation.3

These results highlight the importance of individualized
treatment approaches targeting molecular subtypes of GBM,
especially EGFR.? Further research should concern the pos-
sibility of targeting EGFR along with EGFRVIII or other
signaling pathways related to glioblastoma development.
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