
ABSTRACT
EGFR (Epidermal Growth factor receptors) expressed in different type of cancers, such as breast, esophageal, lung cancer etc. Because 
of their multifaceted role in cancer progression, EGFR and its related receptors have been considered as attractive targets for developing 
anticancer agents, i.e. EGFR inhibitors consisting molecules targeting EGFR ATP binding pocket and monoclonal antibodies targeting 
EGFR ligand binding domain.  For patients with EGFR-mutant non-small-cell lung cancer, acquired resistance to drugs obstructs long-
term therapeutic efficacy of targeted therapy. Even though third-generation medicines targeting EGFR T790M mutation have shown 
promise in overcoming acquired resistance to EGFR-tyrosine kinase inhibitors, fourth-generation drugs targeting acquired resistance 
to 3rd generation inhibitors are still needed. Hence, in present study, EGFR (PDB: 1M17) was selected as a target to perform molecular 
docking studies for existing ligands from literature. Interaction fingerprint analysis was applied for docked complexes. Docking studies 
revealed that compound 3 exhibited good binding affinity towards the selected target with XPG score-9.439Kcal/Mol among existing 
ligands which is comparable with that of standard drug erlotinib -9.192 Kcal/Mol. Interaction fingerprint analysis further confirmed 
that best docked compounds showed H-bond interaction with backbone residue of Met 769 and Cys 773 in an identical manner with 
that of standard drug erlotinib. Present study concludes that among selected existing compounds, the ligands containing quinazoline 
nucleus exhibited good binding affinity and similar binding  interactions when compared with that of standard drug erlotinib and 
these ligands can be further optimized to increase binding affinity and interactions with the selected target.
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INTRODUCTION

Cancer is the major cause of death worldwide, accounting 
for nearly a crore death in 2020 (Sung et al. 2021). EGFR 
(Epidermal Growth factor receptor) is a major factor in 
epithelial malignancies, and EGFR activity increases tumor 
growth, invasion and tumor metastasis. In normal tissues, 
the EGFR ligands availability is strictly controlled to make 
sure that the cell proliferation kinetics absolutely meet the 
requirements of tissues to maintain homeostasis. In the 
tumor microenvironment, EGFR is constantly stimulated 
because of continuous production of EGFR ligands or as a 
result of EGFR mutation that sticks receptor in a continuous 
activation state. Hence, EGFR has been considered as an 
important target for anticancer agents (Sasaki et al. 2013; 
Tsubata et al., 2021).
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Attempts were made to the structural modification of 
heterocyclic compounds to discover powerful anticancer 
agents. Pyrazole & fused pyrazoles, viz., pyrazolpyrimidine 
derivatives and pyranopyrazolesare promising scaffolds for 
numerous anticancer agents (Saleh et al. 2020). Pyrimidine 
based, third generation irreversible EGFR inhibitors are 
WZ4002 and osimertinib (Engel et al. 2015; Greig et al. 
2016; Wu et al. 2020). Various thiophene based derivatives 
were reported as dual EGFR or HER2 (human EGFR-related 
receptor 2) inhibitors (Xiao et al. 2020). Quinazoline-
based EGFR tyrosine kinase inhibitors such as erlotinib, 
lapatinib etc. are available in the market for treatment of 
nearly 30% of non-small cell lung carcinoma cases (Bhatia 
et al. 2020). Hence, in our present study, existing ligands 
containing heterocyclic compounds were retrieved from 
literature for molecular docking studies against EGFR to 
determine the binding affinity and interactions of existing 
ligands containing different nucleus with the selected target 
(Tsubata et al., 2021).
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MATERIAl AND METHODS

Existing EGFR inhibitors with heterocyclic nucleus were 
retrieved from literature (li et al. 2011; Wang et al. 2016; 
Tu et al. 2016; Toolabi et al. 2019). Structure of co-crystal 
ligand AQ4 (Erlotinib) was collected from PDB database. 
ligands were prepared using ligPrep application with 
Schrödinger Epik module, such as enhancement of 
stereochemical nature and protonation state of ligand, 
development of tautomers and minimization of energy 
using force field oPlS-3 at pH7.0±2.0 (Friesner et al. 2004; 
Pradeep et al. 2015). The best resolute X-ray structure of 
EGFR tyrosine kinase domain with 4-anilinoquinazoline 
inhibitor erlotinib (1M17) was selected in present study to 
propose EGFR antagonists by molecular docking & protein-
ligand interaction fingerprint analysis (Jennifer et al. 2002). 
literature report indicated that 4-anilinoquinazolines like 
erlotinib inhibits EGFR by binding to site which is occupied 
by ATP during phosphotransfer. EGFR crystal structure was 
imported to Maestro and protein structure was prepared 
using protein preparation wizard. The optimization of 
H-bonding network was done by reorientation of hydroxyl 

groups and thiol groups in protein; other operations were 
performed which were not part of refinement process of 
X-ray crystal structure (Sudheer et al. 2021).

Protein optimization was done at neutral pH and then 
minimization of energy was done by applying oPlS-3 force 
field for all atoms. Grid was generated around target key 
residues using Glide v7.1. Removal of the undesirable water 
molecules was done using Protein preparation wizard from 
the inhibitor binding site of target (Sudheer et al. 2021). 
GlIDE XP (grid-based ligand docking with energetic extra 
precision) docking procedure was used for determining 
target & ligand binding affinity (Duch et al. 2007). The 
prepared ligands were docked flexibly into grid box which 
was generated around the inhibitor binding site residues 
of EGFR using Monte Carlo-based simulated algorithm 
minimization method (Sudheer et al. 2021). Binding,energy, 
binding orientation and ranking were represented by Glide 
Score. During XP docking, ten poses were generated for 
each ligand and after post-docking minimization the best 
pose was retained.

Selected existing ligands were subjected to QikProp module 
of Schrödinger suite for prediction of the pharmacological 
descriptors and ADME properties. In addition, SASA and 
related values of docked ligands were also determined 
using Schrödinger suite (Thirupathi et al. 2016). Docking 
interactions were further analyzed by interaction fingerprint 
studies to determine whether the test compounds showed 
similar interactions like standard drug. Interaction 
fingerprint was generated for the best docked compounds 
and erlotinib docked complexes (Deng et al. 2004). Value 
1 was given for established interactions and 0 for absence 
of specific interaction (Rácz et al. 2018).

S.No Compound code XPG Score (Kcal/Mol)

1. Erlotinib -9.192
2. 3 -9.439
3. 7 -9.402
4. 24 -8.863
5. 33 -8.291

Table 1. Docking scores of EGFR with erlotinib and best 
docked existing compounds

Comp. Code M.W SASA WPSA FOSA PISA Vol HBD HBA Glob IP

Erlotinib 393.441 714.826 0 374.94 279.021 1278.941 1.5 7.4 0.797135 8.396
3 609.451 856.13 114.902 338.114 311.952 1620.635 2 8.95 0.779379 8.382
7 594.396 848.926 114.901 188.262 356.093 1549.14 2 8.45 0.762703 8.591
24 574.408 852.538 114.901 183.498 385.154 1545.105 2 8.95 0.758153 8.542
33 424.879 597.812 111.28 46.685 337.15 1138.137 2 5 0.881855 8.72

MW = Molecular weight(130/725); SASA = Total solvent accessible surface area(300/1000); WPSA= Weakly 
polar solvent accessible surface area(0/175); FoSA = Hydrophobic solvent accessible surface area(0/750); 
PISA = Carbon Pi solvent accessible surface area (0/450); Vol = Molecular volume (A^3)(500/2000); HBD = 
Hydrogen bond Donor (0/6); HBA = Hydrogen bond acceptor (2/20); Glob = Globularity (0.75/0.95); IP (eV) 
= Ionization potential (7.9/10.5)

Table 2. Pharmacological descriptors of erlotinib and best docked compounds

RESUlTS AND DISCUSSION

The structures of 77 EGFR inhibitors were collected from 
literature, and erlotinib structure was retrieved from PDB 
database and prepared using ligPrep application with 
Schrödinger Epik module. The PDB id 1M17 was selected 
to determine the antagonist behavior of existing ligands. 
The protein preparation wizard was used for minimizing 

energies of prepared crystal structure of EGFR. Inhibitor 
binding site residues were defined around the grid generated 
within the EGFR. The EGFR-AQ4 (Erlotinb) complex 
inhibitor binding site comprises residues such as leu 694, 
Gly 695, Ser 696, Ala 719, lys 721, Glu 738, leu 764, Thr 
766, Glu 767, leu 768, Met 769,  Pro 770, Phe 771, Gly 
772, Cys 773, leu 820, Thr 830, Asp 831, Phe 832 within 
the 4 Å region surrounding AQ4. The binding site residues 
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of EGFR were defined 4 Å around co-crystal ligand using 
PDBsum.

About 77 existing ligands from literature and Erlotinib 
were docked with EGFR. Among all the docked complexes, 
Compound 3 exhibited least XPGscore of -9.439 Kcal/
mol with good interactions with key amino acid residues 

(Table 1). Pharmacological descriptors and ADME/T profile 
of erlotinib and best docked ligands were determined 
using epic module of schrodinger. Results indicated that 
the selected existing ligands showed favorable ADME/T 
properties within the range of 95% FDA approved drugs. 
Results were represented in table 2 & table 3 (Pradhan et 
al. 2013).

Compounds    Rule of 5     log P o/w log BB     log KhSa  log KP   Rule of 3

Erlotinib 0 4.053 -0.738 0.157 -0.602 0
3 2 5.738 -0.758 0.776 -1.141 1
7 1 4.854 -1.871 0.714 -2.897 1
24 1 4.795 -1.657 0.602 -2.413 1
33 0 4.319 -0.405 0.473 -1.648 0

Rule of 5: Violations of lipinski’s Rule of 5 (Max 4); log P o/w = log P octanol/
water (1.80/6.50); log BB = log BB brain/blood (-3/1.2); log KhSa = serum protein 
binding (-02.5/01.5); log KP = skin permeability (KP in cm/h); Rule of 3: Violations 
Jorgensen Rule of 3 (Max 3)

Table 3. ADME/T properties of erlotinib and best docked compounds

Figure 1: Interactions of erlotinib with EGFR

Figure 2: Interactions of compound 3 with EGFR

Figure 3: Interactions of compound 7 with EGFR

Figure 4: Interactions of compound 24 with EGFR
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Figure 5: Interactions of compound 33 with EGFR
The co-crystal ligand erlotinb exhibited two hydrogen 
bond interactions with back bone residues of Met 769 and 
Cys 773 respectively. Among all the selected heterocyclic 
compounds, the compounds containing quinazoline 
heterocyclic nucleus (compounds 3, 7 and 24) exhibited 
good interactions with key aminoacid residues and two 
H-bonds with backbone residues of Met 769 and Cys 773 
with docking scores -9.439Kcal/Mol, -9.402Kcal/Mol and 
-8.863Kcal/Mol respectively which is comparable to that 
of standard drug erlotinib. In addition to the interactions 
with Met 769 and Cys 773, compound 7 showed one 
H-bond interaction with backbone residue of Ser 696 
indicating good EGFR inhibition. Among the compounds 
containing thienopyrimidine nucleus, compound 33 showed 
moderate binding affinity with XPG score -8.291 Kcal/
Mol and exhibited only one H-bond interaction with Met 
769 (Fig 1-5). All the best docked compounds exhibited 
good interaction with “hing region key residue” Met769 
of EGFR, which is involved in the anticancer treatment 
strategies. 

Table 4. Interaction fingerprint of the erlotinib and best docked compounds

Best docked compounds 3, 7 and 24 exhibited H-bond 
interaction with backbone residues of key amino acid 
Cys-773 which is positioned within the EGFR ATP binding 
pocket (Fry et al. 1998; nasab et al. 2018; Sudheer et al. 
2021). A 9 bit interaction fingerprint was generated to 
determine interaction of best docked compounds in the 
inhibitor binding site of hERα (Table 4) and compared 
with standard drug erlotinib (Rajitha el al. 2021).. Results 
indicated that compounds with quinazoline nucleus 
exhibited similar interactions with that of erlotinib.

CONClUSION

The findings of present study can help in designing the 
novel EGFR inhibitors with better binding affinity and 

interactions by using molecular docking studies of existing 
EGFR inhibitors against EGFR (1M17) and interaction 
fingerprint analysis. Among all the selected existing ligands, 
compound 3 exhibited good binding affinity with XPG 
score -9.439 Kcal/Mol which is comparable with that of 
standard drug erlotinib. Interaction fingerprint analysis 
further confirmed that the best docked compound showed 
two H-bond interactions with backnone residues of Met 769 
and Cys 773 similar to that of standard Erlotinib. Results of 
the present study concludes that these derivatives properly 
fit into the ATP binding pocket in EGFR crystal structure 
with good binding affinity, indicating that they may act as 
potential EGFR inhibitors.
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