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Abstract:This Human epidermal growth factor receptor (EGFR) family is one of the most studied protein family in various
cell signaling mechanisms. It contains four membrane bound receptors namely epidermal growth factor receptor 14.Aberrant activation of ErbB receptor family proteins and their role in intra cellular signaling mechanisms and their
mutations lead to cause the numerous human diseases. The first generation inhibitors failed to bind with the EGFR due to
T790M mutation. The second generation inhibitors overcome the resistance when compared to the first generation
compounds but failed in approval level. Reported publication data given a clear idea to develop new class inhibitors against
the EGFR proteins. In this study, ligand based pharmacophore modeling and 3D-QSAR studies were carried out with the
100 ligands of EGFR. Fifteen pharmacophore hypotheses were developed and common AADRR hypothesis was selected
for QSAR analysis. Further the model was screened against the 3D database of twenty million entries and 1436 structure
analogues were obtained and subjected to XP docking with EGFR grid in GLIDE. One lead molecule is having the best
binding interactions than the existing inhibitors. Lead 1 is further subjected to QPLD, IFD, binding free energy and
molecular dynamics studies which deciphered better binding interactions with EGFR. Thus lead1was proposed as a novel
lead against the EGFR.
Keywords:EGFR, Cancer, Ligand based pharmacophore modeling, QSAR and molecular docking analysis.
_______________________________________________________________________________________________
linked with human tumors. In cancers, over expression of
Introduction
the EGFR is associated with the human epithelial cancers
Human epidermal growth factor receptor (EGFR) family is
namely lung, anal and glioblastoma and in solid human
one of the most studied protein kinase family in various cell
cancers namely non-small cell lung cancer, breast, bladder,
signal transduction mechanisms and regulate the cellular
ovarian, colorectal, pancreatic, ovarian and head and neck
functions [1,2]. It contains four membrane bound receptors
cancers [5-10]. The role of EGFR in various cancers, sheds
namely epidermal growth factor receptor-1(EGFR, Her1,
the important platform to design novel anti cancer agents to
erbB1), EGFR2/Her2/erbB2/neu, EGFR3/ Her3/erbB3 and
inhibit the over expression levels of EGFR [7-10]. Different
EGFR4/Her4/erbB4 [3,4]. These four are structurally
types such as specific, reversible, irreversible and dual
related and shares similar molecular scaffolds in the
inhibitors are available for human EGFR. The first
structural moiety [3,4]. Each of the protein comprises of
generation reversible inhibitors like Erlotinib, gefitinib and
extra cellular ligand binding site (I-IV), hydrophobic
laptinib initially prevent the autophosphorylation of the
transmembrane region and cytoplasmic binding region. In
EGFR [11-15] but due to T790M mutation these inhibitors
case of cytoplasmic region, contains the conserved catalytic
failed to bind with EGFR [16-20].The second generation
domain and auto phosphorylation site regions present on
inhibitors like HKI-272, EKB-569, BIBW2992 and
the carboxy terminal [3-6]. Activation of EGFR signaling is
PF00299804 were developed to overcome the resistance to
through the ligand induced stabilization of homo/hetero
the first generation compounds [21]. These irreversible
demonization which is sequentially followed by auto
compounds showed promising results during the clinical
phosphorylation mechanisms. This process activates the
level studies and but failed in approval level [22-23].
downstream
stimuli
of
Ras/Raf/MAPK
and
Afatinib was approved in 2013 for non-small cell lung
PI3K/Akt/mTOR pathways.
cancer and clinical investigations are still ongoing to other
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3D-QSAR analysis, molecular docking and dynamics were
carried out in Centos 5.0 LINUX platform installed in HPZ
Aberrant activation of EGFR receptor family proteins and
800 work station using Schrodinger LLC, New York, 2014.
their role inintra cellular signaling mechanisms and their
1. Dataset
mutations leads to cause the numerous human namely
First, 100 molecules having biological inhibition activity
cancers, diabetes, inflammation, bone disorders,
(IC50) ~ 4 to 9 nM against EGFR were collected [25] and
arteriosclerosis and angiogenesis [5-7]. Among the four
pIC50 of the compounds were predicted [26].The dataset
proteins, EGFR1 is the attractive target which is directly
was divided into 35 actives, 25 moderates and40 inactive
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compounds based on inhibition activity. PHASE module
was used to convert the 2D structures into 3D structures
and cleaning and minimization of structures were carried
out with LigPrep [27] module in OPLS-2005 force filed
[28]. Conformers were generated for each minimized ligand
using rapid torsion angle search and minimization was
carried out using the MMFF (Merck Molecular Force
Field), with an implicit GB/SA (Generalized-Born/Surface
Area) solvent model [24].

Further the best hits were subjected to Quantum
polarized ligand docking (QPLD), MM-GBSA analysis and
further the best lead1-EGFRcomplex was implemented to
induced fit docking (IFD) and MM-GBSA analysis [29,30].

PHASE supplies a built of six-pharmacophore sites which
includes hydrogen bond acceptor (A), hydrogen bond donor
(D), hydrophobic group (H), aromatic ring (R), negatively
charged group (N) and positively charged group (P) [29].
Active analog approach was applied to identify the
common pharmacophore hypothesis. Ligand conformers
were culled from the set of active ligand using tree based
partitioning technique according to their inter site distances
between the each pair of sites in the obtained
pharmacophore [30]. Scoring function was carried out to
the best aligned defined active set of ligands.

7. ADMET predictions

2. Common pharmacophore hypothesis (CPH)

3. QSAR building and validation

Based on low to higher inhibition values the dataset was
divided into 65compounds as trainee set and 35 as test set
by incorporating biological and chemical diversity to
generate atom-based QSAR models. For each model, three
or five partial least squares (PLS) factors were generated
which tend to fit pIC values beyond their experimental
uncertainty [31-32]. The generated model was validated
using the external test set compounds which are not
considered during the model generation.

4. Shape based screening

The validated QSAR model was used for shape based
screening against in-house library of 20 million compounds
in PHASE and obtained 1436 conformers. All conformers
were further filtered by Lipinski’s filters.

5. Protein preparation, molecular docking and
free energy calculations

Human EGFR (4I22) [33] was prepared by adding
hydrogen atoms and removal of unwanted water molecules
from the protein structure in protein preparation wizard. In
GLIDE, 10 ÅX 10Å X 10 Å grid box was defined around
the ligand binding site on 4I22. A systematic three tier rigid
receptor docking (RRD) docking protocol, which include
high throughput virtual screening (HTVS), standard
precision (SP), extra precision (XP) docking methods were
implemented. The best ranked compounds from the
GLIDEXP docking were applied for MM-GBSA analysis
[29, 34]. The binding energy is calculated by the following
equation:
ΔGbind = ΔE + ΔGsolv+ ΔGSA
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6. Molecular dynamics (MD) simulations

MD simulations for 4I22- lead1 docking complex were
performed to evaluate the stability and conformational
changes during 50ns simulations using Desmond v3.5.
Energy and inter molecular interactions of the docking
complex in each trajectory were examined.
The best lead was further analyzed for ADME/T
(adsorption, distribution, metabolism, excretion and
toxicity) properties to know drug-likeliness using QikProp.

1. Dataset

Results and Discussion

The dataset of 100 compounds were divided in to 30 active
compounds (< 8.0 µM) 30 were moderate active
compounds and 40 inactive set (> 7.0µM).

2. Common pharmacophore hypothesis (CPH)
analysis

Fifteen possible pharmacophore variants were developed
with diverse set of active molecules with maximum (5) and
minimum (3) number of pharmacophore sites. CPH
analysis yielded one hypothesis from 15 models in three
different phases of PHASE scoring procedure which
includes survival score, survival inactive score and post-hoc
score. Therefore, the best hypothesis (AADRR) was used
for the generation of QSAR model.

3. QSAR model analysis

In general for performing the QSAR study, trainee set
and test set should be in a 4:1 ratio [35]. So, dataset was
divided into 65 training set and 35 test set compounds and
aligned to inactive or moderately active molecules based on
matching criteria with at least three pharmacophore
features.

Fig.1: QSAR model with pharmacophore features AADRR
orange torus indicate aromatic ring, pink sphere indicates
acceptor feature, light blue sphere indicate donor feature
R2 value of the best QSAR model should have >0.6 [36]
and AADRR.10 model showed R2 of 0.85.Validation of the
model was further carried with the regression analysis of 65
trainee set molecules which gave an excellent correlation
coefficient (R) value of 0.84 revealing the good predictive
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capacity of AADRR.10 model (Fig. 2(A)) . Experimental
predicated activity of the external dataset of 35 test set
molecules were cross checked with the diverse activities
which gave an excellent correlation coefficient (R) value of
0.85 (Fig. 2(B))revealing the good predictive capacity of
the AADRR.10 model.
PLS regression was used
to generate 3D cubic analysis of model which impulse the
different properties of obtained molecule such as hydrogen
bond acceptor, hydrogen bond donor, hydrophobic group,
positive and negative ionic features. Generated QSAR
model was validated using the external dataset of 35 test set
molecules (Fig. 2(B)), which gave an excellent correlation
coefficient (R) value of 0.85, Q2 value of 0.6 and PearsonR value of 0.837. The validation indicates that the obtained
QSAR model was good. Molecular docking studies were
carried out for the all 100 dataset molecules which were
used QSAR building. The obtained AADRR.10 model (Fig.
1) was used as a reference to design new and active
inhibitors for EGFR by applying shape based screening
analysis from in house library of twenty million molecules
and 1436 conformers were obtained.

hydrogen bonding, hydrophobic interactions, hydrophilic
interactions, electrostatic interactions, π cation and steric
interactions (Fig. 3(B)).Lead 1 was bound to EGFR with
four hydrogen bonds in addition to hydrophobic and van
der Waal (vdW) interactions (Fig.3B). The H-atom of
hydroxyl group (OH) and H atom of ((N)–H) of lead 1
formed two hydrogen bonds with inhibitor binding site
residue Asp 800 with the distance of 1.778 Å and1.688 Å.
The nitryl group (4(N)) of lead 1 formed hydrogen bond
with inhibitor binding site residue Met793 with a distance
of 1.05 Å and H-atom of hydroxyl group (OH) of lead 1
formed hydrogen bond with inhibitor binding site residue
Cys797 with a distance of 1.2 Å. The residues Leu718,
Gly719, Val726, Ala743, Ile744, Lys745, Mey766,
Leu777, Leu788, Ile789, Thr790, Gln791, Leu792, Met793,
Gly796, Cys797, Leu799, Asp800, Arg803, Arg841,
Leu844, Thr854, Asp855, Leu858 and Met1002were
involved in good van der Waals interactions with lead1
(Fig. 3(B)). Pharmacokinetic properties of lead 1 were well
within the acceptable range of a drug (TABLE 2).The best
ranked EGFR-lead 1 docking complex and inhibitors were
applied to QPLD

Fig. 2: Scatter plots for the predicted and experimental
pIC50 values of AADRR (A). Trainee set correlation
(B). Test set correlation
TABLE:1D- QSAR PROPERTIES OF THE
MODELAADRR.10

4. RRD docking

Maestro v9.6 virtual screening workflow was used and
sequential docking modes which were penalize the lesser
steric classes to higher steric classes from HTVS to SP, XP
docking and ranked based on the Gscore. 1436 conformers
were obtained in HTVS and applied to SP; top 10%
molecules (143) obtained from SP and applied to XP. The
top 10 compounds were re-docked using Glide XP docking
method. The top ranked ten molecules were compared with
the binding interactions and XPG scores of published 100
inhibitors. The docking interactions of EGFR-lead 1 were
analyzed and lead1 showed the docking score of -12.534
kcal/mol and good binding energy of -124.708 kcal/mol
(TABLE 2). The good binding affinity of lead 1 was due to
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Fig.3. (A): 4I22- 2TBS interactions (B). EGFR-lead 1
docking interactions

the present study lead 1 was showing better docking scores
and binding energy scores than the existing inhibitors in
three modes of docking such as XP, QPLD and IFD
(Fig.3(B) & Fig.4 (A) & (B)). Lead 1showed good binding
energy, betterbinding orientations, having more interactions
with good pharmacological properties (TABLE 3.) and also
good drug-like properties than existing inhibitors.
Table: 2Docking scores and δg bind energy of lead 1 and
inhibitors which were in clinical trails

Table: 3.Admet properties of lead1

Fig.4: Llead 1 docking interactions with EGFR (A). QPLD
(B). IFD
Lead 1 formed similar hydrogen bond interactions observed
in RRD with XPG Score of -12.682 kcal/mol and binding
energy of -130.012 kcal/mol (TABLE 1). IFD analysis also
revealed the similar binding interactions in the EGFR-lead
1docked complex and showed more interactions and XPG
scores than XP and QPLD (XPG Score = -14.126 kcal/mol;
ΔG value = -139.012 kcal/mol) (TABLE 2 and Fig. 3). In
Copyright-IJCSME
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Foot note:

(Range 95% of Drugs)

MW = Molecular Weight
(130.0 / 725.0)
SASA =Total solvent accessible surface area (300.0 /1000.0)
FOSA =Hydrophobic solvent accessible surface area (0.0/750.0)
FISA =Hydrophilic solvent accessible surface area
(7.0/330.0)
PISA =Carbon Pi solvent accessible surface area
(0.0/450.0)
WPSA=Weakly Polar solvent accessible surface area (0.0/175.0)
Volume=Molecular Volume (A^3)
(500.0 /2000.0)
Donor= Donor - Hydrogen Bonds
(0.0 /6.0)
Accpt HB= Acceptor - Hydrogen Bonds
(2.0/20.0)
LogP o/w = log P for octavo/water
(-2.0 /6.5)
Logs = log S for aqueous solubility
(-6.5 / 0.5)
CIlogS = log S - conformation independent
(-6.5 / 0.5)
LogBB = log BB for brain/blood
(-3.0 /1.2)
Log KP = log KP for skin permeability
(KP in cm/hr)
Log Khsa = log K hsa Serum Protein Binding
(-2.5 / 1.5)
Lipinski Rule of 5 Violations
(maximum is 4)
Jorgensen Rule of 3 Violations
(maximum is 3)

1. Molecular dynamics simulations

Simulation protocol provided exact binding orientations of
the docking complex with system embedded with water
molecules, temperature and pressure. After simulations, the
docked complex of the EGFR-lead 1 energy was relatively
stable throughout the 50 ns simulations period. Stability of
the docked complex was compared with the co-crystal
4I22-2TB docking complex. During 50 ns simulations
period, EGFR-lead 1docked complex showed stability in
10486 trajectories. In EGFR-lead 1docked complex RMSD
of EGFR C-α showed 0.8 Å – 3 Å and lead1 was 0.6 Å –
2.4 Å (Fig. 4(A)). In 4I22-2TB docked complex, RMSD of
EGFR C-α ranged from 1.6 - 3 Å.6 Å and lead1 ranged 0.8
– 3.6 Å (Fig .4(B)). Whereas RMSF of EGFR was ranged
from 2 Å – 4 Å and lead 1 showed 0.6 Å - 0.8 Å in EGFRlead 1docked complex (Fig. 5A & 6A). In case of 4I22-2TB
docked complex, RMSF of EGFR was ranged from 0.5 Å –
4 Å and lead 1 showed 0.5 Å - 2 Å respectively(Fig. 5(B( &
6(B)) [37,38]. Lead 1 formed similar hydrogen bond
interactions as observed in RRD, QPLD and IFD (Fig.
3(B), Fig. 4(A) & (B)). The small range of RMSDs and
RMSFs reflected slight structural rearrangement in the
docking complex during simulation time. The consistency
of EGFR-lead1 docking complex was disclosed by the
potential energy plot driven from the 50 ns simulations run
in the solvated model system (Fig. 7(B)). The potential
energy plot driven for EGFR-lead1 docking complex
showed least energy than EGFR-2TB docking complex
(Fig. 7(A)) and found to be stable throughout the
simulations run. The RMSD, RMSF and energy plot of the
EGFR- lead1 was stable than the 4I22- 2TB complex
throughout the 50 ns simulations run.

Copyright-IJCSME

Fig.4: RMSD plots of EGFR protein with (A). Lead1 (B).
Co-crystal ligand 2TB

Fig.5: RMSF plots of EGFR c-α with (A). Lead1 (B). Cocrystal ligand 2TB
Lead 1 formed five hydrogen bonds interactions with
inhibitor binding site residues of EGFR such as Met793 (2)
Cys797, Asp800 (2) and four hydrophobic interactions
were observed with inhibitor binding site residues Leu718,
Ala743, Leu844, Lys745 (polar contact), and also formed
charged interaction with important mutational residue
Met790 (Fig. 8(A) & Fig. 9(A)). Ten water mediated
interactions were observed with ligand binding site of
residues of EGFRVal717, Leu718, Ser720, Lys745,
Cys755, Met793, Cys797, Asp800, Thr854 and Asp855
(DFG residue)and it increased the binding affinity and
entropy gain in the complex formation [39,40].
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Fig.6: RMSF plots of (A). Lead1 (B). Co-crystal ligand
2TB with EGFR
C-crystal ligand 3BM formed one hydrogen bond
interactions with inhibitor binding site residues of EGFR
such as Met793 and hydrophobic interactions were
observed with inhibitor binding site residues Leu718,
Phe723, Val726, Ala743, Lys745, Met790, Leu792,
Leu844 (Fig. 8(A) & 9(A)). The torsion angles were found
to be stable within allowed range of fluctuations during all
trajectories. Lead1 formed ten water mediated interactions
were observed with ligand binding site of residues of
EGFRVal717, Leu718, Ser720, Lys745, Cys755, Met793,
Cys797, Asp800, Thr854 and Asp855 (DFG residue) and it
increased the binding affinity and entropy gain in the
complex formation (Fig. 8(A) & 9(A)). 3BM formed only
four water mediated interactions with Leu718, Cys797,
Asp800, and Arg841 (Fig. 8(B) & 9(B)). The torsion angles
were found to be stable within allowed range of
fluctuations during all trajectories in both the docking
complexes (Fig. 10(A) & (B)). Over all analysis of RMSD,
RMSF, potential energy, hydrogen bonding patterns, water
bridges and torsion angles of EGFR-lead 1 docked complex
in 10,416 trajectories revealed stability of docking complex
in natural physiological environmental conditions and
better when compare with the co-crystal structure .

Fig.8: EGFR contacts with (A). Lead 1 (B). Co-crystal
ligand 2TB

Fig.7: Energy plot of EGFR with (A). Lead1(B). Co-crystal
ligand 2TB
Fig.9: Interactions of EGFR with (A). Lead 1 (B). Cocrystal ligand2TB
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the best inhibitor and also template for the development of
novel inhibitors to interdict the adverse activity of EGFR in
human cancers.

Acknowledgment

Authors are thankful to DBT, Ministry of Science and
Technology, Govt. of India for providing support to SVIMS
Bioinformatics
through
BIF
program
(No.BT/BI/25/001/2006) and SS is grateful to ICMR, New
Delhi for providing SRF (No.BIC/11(09)/2013).
1.

Fig.10: Torsion profile throughout the 50 ns molecular
dynamics simulations period of (A). Lead1 (B). Co-crystal
ligand 2TB
Lead 1 showed good binding energy in terms of XPG score
and ΔG binding score in RRD, QPLD, IFD than the
existing inhibitors and co-crystal ligand. It is having good
pharmacokinetic properties and showed better interactions
than Afatinib. Identified lead1 scaffold could be useful to
develop novel inhibitor and in turn it helps to inhibit the
over expression levels of EGFR in cancer condition.

Conclusion

Human EGFR is the most attractive target against the
various cancers in drug development era. Ligand based
pharmacophore modeling and 3D-QSAR analysis yielded
five featured AADRR.10 pharmacophore model and
showed correlation co-efficient with training set and test
0.84 and 0.81 respectively, suggesting the reliability of
QSAR model. The model was screened against twenty
million entries and obtained conformers were applied to
RRD, QPLD and IFD and subsequent MM-GBSA analysis.
Lead 1 showed better XPG score and free binding energy
which revealed the potency interactions between protein
and ligand. 50 ns MD simulations revealed acceptable
range of RMSD, RMSF, and stability of the docking
complex, total energy and better binding modes. Hydrogen
bond interactions were observed inhibitor binding site
residues of Met793, Cys797, Asp800, Leu718, Ala743,
Leu844, Lys745 (polar contact), and charged interaction
with important mutational residue Met790.Water mediated
interactions were observed with inhibitor binding site
residues of Val717, Leu718, Ser720, Lys745, Cys755,
Met793, Cys797, Asp800, Thr854 and Asp855 (DFG
loop).Obtained lead 1 possesses better XPG score in three
modes of docking protocols, good binding interaction and
binding energies with EGFR. Identified lead 1would act as
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