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ABSTRACT

INTRODUCTION

Epidermal Growth Factor Receptor (EGFR) is a transmembrane protein involved in the
regulation of signaling pathways and is known to be frequently overexpressed in epithelial
tumors. Erlotinib is a small molecule inhibitor of EGFR commonly used for the treatment of
lung and pancreatic cancers. In the present study, 707 selective inhibitors of EGFR were
designed based on the erlotinib prototype. Results were filtered by parameters outlined in
Lipinski’s rule. Molecular simulation programs such as SeeSar, AdmetSar, SwissADME enabled
the prediction of the compounds’ toxicity, binding affinity, physicochemical properties, and
pharmacokinetics. The equilibrium dissociation constant was decreased from 101.469534 to
0.000054, therefore increasing the binding affinity by over 1,879,065 fold. The data suggested
that modifying the 1,2-Dimethoxyethane structures, particularly by replacing oxygens with
nitrogens and adding cyclic compounds to the ends, resulted in the greatest increase in binding
affinity to EGFR. Rigidifying linkers and adding O-H groups allowed for the decreased
inhibition of hERG, a protein involved inducing cardiotoxic effects. These findings may lead to
further Modification
optimization of anticancer drugs and provide a computational strategy for drug design.
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In 2018 alone, over 18 million cancer-related cases were diagnosed and 9.5 million cancer-related deaths occurred worldwide.
As a small-molecule drug orally administered for the treatment of lung and pancreatic cancer, erlotinib (Tarceva®) inhibits the phosphorylation of the
tyrosine kinase domain in the Epidermal Growth Factor Receptor (EGFR).
Inhibition of EGFR reduces the bioactivity of tumor-associated endothelial cells and interferes with signal pathways involved in metastasis and
development of angiogenesis.
Increase in Erlotinib concentration leads to adverse effects, ranging from rash and nausea to gastrointestinal bleeding, perforation, hepatic failure,
among others.
Therefore, it is desirable to reduce the toxicity and binding affinity of the drug to increase its clinical applicability.
This study focuses on using structure-based drug design techniques in the process of early drug discovery and production characterization. Molecular
simulation programs like SeeSar, AdmetSar, SwissAdme, and LabMol allow for the prediction of pharmacokinetic and pharmacodynamic parameters.
The goal of the study was to yield a more advantageous drug to Erlotinib and provide evidence for the formation of a cost-efficient approach to drug
discovery.

METHODOLOGY

The crystal structure of the Epidermal Growth Factor Receptor tyrosine kinase domain in complex with the 4-anilinoquinazoline inhibitor of erlotinib (Code: 1M17) was derived from the Protein Database Bank.Components of erlotinib, including the 1,2-Dimethoxyethane,
Quinazoline, and Imidogen structures were isolated and modified through the replacement of bioisosteres, addition of aromatic rings, addition of OH groups, and the strengthening of structural rigidity. Candidate drugs predicted to inhibit EGFR with a high binding affinity, as
determined by the estimated LLE, torsion, and Inter/Intra clash were created. Using Lipinksi’s rule of five, drugs with promising physicochemical characteristics for oral activity in humans were filtered.
Property Prediction
AdmetSar allowed for the prediction of the compound’s ADMET (Absorption, distribution, metabolism, excretion, and toxicity) properties. Predictive models were based upon a collection of about 96 thousand compounds. SwissAdme also offered comprehensive prediction
services and the generation of models including BOILED-egg and the Bioavailability Radar. LabMol allowed for the prediction of the molecule’s cardiotoxic effects via hERG inhibition.

Figure 1 represents the docking pose of erlotinib to the Epidermal
Growth Factor Receptor. The colored coronas indicate the contribution of
each atom to the molecule’s binding affinity. Green indicates a positive
contribution, while red indicates a negative contribution. White blurs
depict unoccupied space within the binding site. The color of the bonds
indicates the contribution to the molecule’s torsion. The lower estimated
binding affinity was 101.469534.

Figure 2 is a 2-dimensional diagram of the
erlotinib’s interactions with surrounding
amino acids. Dotted lines indicate hydrogen
bonds between the ligand the protein, salt
bridges, and metal interactions. Green
contour lines represent hydrophobic
interactions.

101.469534

Side Effect

Value

Probability

Side Effect

Value

Probability

Carcinogenicity (binary)

-

0.9286

Carcinogenicity (binary)

-

0.7714

Carcinogenicity (trinary)

Non-required

0.5393

Carcinogenicity (trinary)

Non-required

0.6508

Eye corrosion

-

0.9897

Eye corrosion

-

0.9844

Eye irritation

-

0.9683

Eye irritation

-

0.9794

Ames mutagenesis

-

0.57

Ames mutagenesis

-

0.67

Human either-a-go-go inhibition

+

0.6978

Human either-a-go-go inhibition

+

0.7917

micronuclear

+

0.79

micronuclear

+

0.76

Hepatotoxicity

+

0.725

Hepatotoxicity

-

0.5

Acute Oral Toxicity (c)

III

0.6971

Acute Oral Toxicity (c)

III

0.6025

Estrogen receptor binding

+

0.8023

Estrogen receptor binding

+

0.6001

Androgen receptor binding

+

0.8696

Androgen receptor binding

+

0.6923

Thyroid receptor binding

+

0.836

Thyroid receptor binding

+

0.5514

Glucocorticoid receptor binding

+

0.8971

Glucocorticoid receptor binding

-

0.4772

Aromatase binding

+

0.8686

Aromatase binding

+

0.6793

PPAR gamma

+

0.7436

PPAR gamma

-

0.5306

Honey bee toxicity

-

0.6799

Honey bee toxicity

-

0.6533

Biodegradation

-

0.75

Biodegradation

-

0.85

crustacea aquatic toxicity

-

0.54

crustacea aquatic toxicity

+

0.56

Fish aquatic toxicity

-

0.5407

Fish aquatic toxicity

+

0.8465

Table 1 depicts the toxicity profile of erlotinib as generated by AdmetSar.

Figure 3 depicts the residue interactions with the
molecule of the highest binding affinity in this project.
The lower estimated binding affinity was
0.000054.

Figure 4 is a 2-dimensional diagram of molecule one’s
interactions with surrounding amino acids.

.

The graphics above depict the bioavailbility radar and BOILEd-egg model for erlotinib and molecule 1 as provided by SwissAdme. The bioavailability
radar estimates six physicochemical properties: lipophilicity, size, polarity, solubility, flexibility and saturation. The pink region indicates the optimal
range for each property. These parameters denote a XLOGP3 between -0.7 and + 5.0, MW between 150 and 500 g/mol, TPSA between 20 and 130 Å,
logS less than or equal to 6, fraction of carbons in the sp 3 hybridization greater than or equal to 0.25, rotatable bonds less than or equal to 9. The
BOILED-egg (Brain Or IntestinaL EstimateD permeation) model predicts a small molecule’s gastrointestinal absorption or brain access based on
lipophilicity and polarity. The white region indicates high probability of passive absorption into the gastrointestinal tract, while the yellow region
indicates high probability of penetration into the blood-brain barrier. Furthermore, molecules are colored blue if they are predicted as actively effluxed
by P-gp or red if not a substrate of P-gp.
Human Intestinal Absorption

+

0.9867

Caco-2

+

0.5686

Blood Brain Barrier

+

0.9778

Human oral bioavailability

+

0.8143

Subcellular localization

Mitochondria

0.4954
Table 5: SwissAdme results for erlotinib.

Table 3: Distribution of Erlotinib from AdmetSar.

Table 3 displays the top 30 Lipinski molecules’ predicted ability to inhibit the Human Ether-a-go-go-related Gene (hERG)
through probability maps of each fragment’s contribution to hERG blockage. Lipinski Rule of Five outlines molecular
parameters important for a chemical’s drug-likeness and potential for oral activity in humans. The estimated lower boundary
for estimated affinity ranges from 0.00054 to 0.003692. hERG potassium channels contribute to the electrical activity of the
heart. Blockade of the channel may lead to cardiac arrhythmia.

Table 2 depicts the toxicity profile of molecule 1 as generated by AdmetSar.

Human Intestinal Absorption

+

0.8174

Caco-2

-

0.7197

Blood Brain Barrier

+

0.9801

Human oral bioavailability

+

0.5429

Subcellular localization

Nucleus

0.4001

Table 4: Distribution of Molecule 1 from AdmetSar.

Table 3 and 4 displays information about
the absorption and distribution of erlotinib
and molecule 1 upon entrance in the human
body. Tables 5 and 6 include a drug
likeness section, which demonstrate the
each molecule’s adherence to widely used
drug rules, and a medical chemistry
section, which offers information about
PAINS and the molecule’s ability to be
synthesized in a lab.

Table 6: SwissAdme results for molecule 1.

CONCLUSIONS
Modifications (707 Unique Molecules)
●
●
●

To increase binding affinity:
○ modified 1,2-Dimethoxyethane with nitrogen and additional aromatic rings
○ add aromatic rings to imdogen linkers
To increase decrease hERG binding
○ Add OH groups, rigidify bonds, decrease lipophilicity
Effects of imogen alterations on binding affinity depend on complete molecular structure

Best Molecule
●
●
●
●

more interactions with amino acids, less unoccupied space
increase the binding affinity by over 1,879,065 fold
acceptable measures for bioactivity; however, less synthetically accessible
improved toxicity; however, more likely to inhibit hERG (other generated molecules were
less likely)
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Future Research
Collaborations
● Selectivity Screening (PanLabs)
Computational Studies
● Check the plasma protein binding and blood/plasma ratios of the compound in
animals
● Drug-drug interaction studies
● Model plasma profile versus efficacy and off-target activity/toxicity

