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Abstract

Background: Lung cancer remains the leading and deadly type of cancer worldwide. It was estimated to account
for about 25% of the 7 million people that died as a result of cancer-related issues/mortality every year in the
world. Non-small cell lung cancer (NSCLC) is the lethal/deadly class of lung cancer with nearly 1.5 million reported
cases and less than 20% survival rate. Therefore, it becomes necessary to explore more effective NSCLC drugs.

Result: A computational approach was employed here to design ten new EGFR™" inhibitors using compound 18 as
a template for the design identified with the best binding affinity and good pharmacokinetic properties previously
reported in our work. The modeled inhibitory activities of these newly designed EGFR™" inhibitors (range from
7.746966 to 11.09261) were better than that of the hit compound with plCsy of 7.5639 and gefitinib the positive
control with plCsy of 5.879426. The ligand-binding interaction between these newly designed EGFR™" inhibitors
and the EGFR tyrosine kinase receptor as shown in Table 3 was investigated and elucidated using molecular
docking protocol. Based on the molecular docking results, the binding affinities of these newly designed EGFR™'
inhibitors were found to be between —8.8 and — 9.5 kcal/mol. The designed compound SFD10 has the highest
binding affinity of —9.5 kcal/mol followed by compound SFD8 (with a binding affinity of — 9.3 kcal/mol), then by
compound SFD9 and 4 (each with a binding affinity of — 9.3 kcal/mol). None of them was found to have more than
one violation of the filtering criterion used in this study thereby showing good ADMET properties.

Conclusion: The modeled inhibitory activities and binding affinities of these newly designed EGFR" inhibitors
were found to be higher than that of the template compound and the control (gefitinib) used in this research.
They were also seen to be non-toxic with good pharmacokinetic properties.
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Background

Lung cancer is still the leading and deadly type of all
cancers worldwide. Lung cancer was estimated to
account for about 25% of the 7 million people that died
as a result of cancer-related issues/mortality every year
in the world [1-3]. The lung is classified traditionally
into small cell lung cancer (SCLC) and non-small cell
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lung cancer (NSCLC) [4]. NSCLC is the lethal/deadly
class of lung cancer with nearly 1.5 million reported
cases and less than 20% survival rate [5].

Receptor kinases (RKs) belong to the ErbB family, located
on cell membranes of living organisms, and played a signifi-
cant role in the management of the neoplasms’/malignant
tumors’ physiological cycle [6]. EGFR is a member of RKs
which was recognized to be the most significant target for
the management of neoplasms/malignant tumors, which
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plays a vital role in the control of cancer cell growth, prolif-
eration, and differentiation [7, 8].

Most of the EGFR inhibitors/NSCLC therapeutic
agents share a common structure of quinazoline and
acrylamide. Many EGFR inhibitors/NSCLC therapeutic
agents have been designed and developed starting from
the first, the second, and up to the third generations.
The first-generation EGFR inhibitors/NSCLC thera-
peutic agents were developed to treat patients with
EGFR mutation caused by the L858R mutation [9]. The
first-generation EGFR inhibitors were reported to have a
remarkable therapeutic effect in the early stage of clin-
ical treatment; in the first year of treatment with these
drugs, more than 50% of the patients developed resist-
ance to these drugs by the T790M mutation [10]. As
such, many second-generation EGFR inhibitors/NSCLC
therapeutic agents such as afatinib and docatininb were
designed and developed to manage the resistance caused
by the T790M mutation. The stated objective was not
achieved due to serious side effects caused by the so-
called second-generation EGFR inhibitors/NSCLC thera-
peutic agents such as diarrhea and skin rashes. Many
third-generation EGFR inhibitors/NSCLC therapeutic
agents such as AZD9291, CO1686, and WZ4002 were
designed and synthesized to manage the developed re-
sistance caused by the EGFRT79OM/L858R 1 ytations [11].

This work targets the computational design of new
EGFRY? inhibitors with improved inhibitory activities,
as well as docking investigation and pharmacokinetic
property prediction of these new EGFRY " inhibitors.

Method

Compound selection

From our previous study, virtual screening via molecular
docking was performed which identified molecule 18
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(Fig. 1) with the most promising affinity of - 8.6 kcal/
mol toward the receptor and a pICsy of 7.5639 as the
template hit compound [12, 13].

Design, optimum conformation search, and preparations
of designed EGFR"" inhibitors

According to the results of molecular docking virtual
screening and pharmacokinetic study investigated in
our previous research on some EGFRY™' inhibitors,
molecule 18 with a binding affinity of - 8.6 kcal/mol
and good pharmacokinetic properties was retained as
a template to be modified for designing new
EGFRYT inhibitors. Ten new EGFRY' inhibitors
were designed by the addition of halogens, halo
substituted phenyl ring, phenyl methanone, and
amino rings on the meta and para positions of the
phenyl ring on the sulfinyl group of the template
compound.

The Chemdraw software developed by Cambridge
University was then utilized to draw the two-
dimensional (2D) structures of these newly designed
EGFRYT inhibitors (Table 1) [14, 15]. The transform-
ation of two-dimensional (2D) to three-dimensional
(3D) structures of these newly designed EGFRY'
inhibitors was carried out by direct importation of the
structures onto the interface of Spartan. The search for
the optimum conformation of all the newly designed
EGFRYT inhibitors was performed using Merck
molecular force field (MMFF) with density functional
theory (DFT) at Becke’s three-parameter hybrid func-
tion utilizing LYP correlation functional using 6-311G*
basis set. Then, the stable conformations of the
anilinopyrimidine analogs were then saved in a file for-
mat that is going to be used in the next investigation
(Protein Data Bank file format) [12, 16].

(@)

Fig. 1 The 2D structure of the selected hit compound
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Table 1 The two-dimensional (2D) structures of the newly designed NSCLC drugs
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Table 1 The two-dimensional (2D) structures of the newly designed NSCLC drugs (Continued)
S/NO Structures Predicted pICs, Binding affinities
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Table 1 The two-dimensional (2D) structures of the newly designed NSCLC drugs (Continued)

S/NO Structures Predicted pICs, Binding affinities
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Retrieval and preparation of EGFR kinase receptor and
molecular docking execution
The crystal structure of EGFR kinase domain T790M
mutation in complex with AEE788 with pdb entry code
4Z7ZAU was successfully retrieved from the RCSB Protein
Data Bank database, prepared and used in this study [17].
Vina of the Pyrex-virtual screening tool was utilize for
the docking execution of these newly designed EGFR™"
inhibitors with the active site of EGFR kinase receptor
[18]. The UCSF chimera software was then used to re-
couple the docked newly designed EGFRY' inhibitors
and the EGFR kinase receptor and saved in pdb format
for the investigation of the respective amino acids the
newly designed EGFRY?T inhibitors interacted with in
the active site of the EGFR kinase receptor. Discovery
studio was used for the investigation of the respective
amino acids the newly designed EGFR™" inhibitors
interacted with in the active site of the EGFR kinase re-
ceptor [19].

Pharmacokinetic properties prediction of newly designed
EGFR"T inhibitors

SWISSADME (http://www.swissadme.ch/index.php), an
online web tool, was utilized in predicting the drug-
likeness of these newly designed EGFRY™' inhibitors,
while the ADMET properties of these newly designed
EGFRY" inhibitors under investigation were predicted
using the pkCSM, also an online web server (http://
structure.bioc.cam.ac.uk/pkcsm) which uses graph-based
signatures to generate predictive models of central
ADMET properties for drug discovery. Many rules were
developed to guide the choice of compounds in the early
phases of drug discovery. Among the famous rules
applied for the selection of compounds based on the

drug-likeness properties in the early phase of drug dis-
covery was Lipinski’s rule of five (RO5). The studied
compounds would be evaluated for their drug-likeness
properties based on the RO5 criteria [20-22].

Results
Activity modeling of newly designed EGFR"" inhibitors
The result of the activity modeling is shown in Table 2.

pICy, = 0.951235508+ATSClp
+ 1.336909853+GATS1s (1)
-0.811346737+GATS8s
-3.524533882+SpMin8_Bhm
+0.727035851+RDF65e
+2.794753386+P1e + 7.074425161.

R%yng = 0.9459, R%, = 0.9311, Q%, = 0.8947, R? gt
= 0.7008 and LOF = 0.1195

Molecular docking investigation of newly designed
EGFR"" inhibitors

The results of the molecular docking are presented in
Table 3 and Figs. 2, 3, 4, and 5.

Pharmacokinetic properties of newly designed EGFR"'
inhibitors

The results of the pharmacokinetic properties are pre-
sented in Tables 4 and 5.

Discussion

Activity modeling of newly designed EGFR"" inhibitors
The predictive power of the model developed in our pre-
vious study (Eq. 1) was further confirmed in this study
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Table 2 The predicted plCs, of the newly designed series of newly designed EGFR"" inhibitors

S/No ATSC1p GATS1s GATSS8s SpMin8_Bhm RDF65e Ple Predicted plCso
SFD1 0.908 0.989 0.993 0.07 0312 0.951 11.093
SFD2 0.821 0222 0.606 0.072 032 0.959 10319
SFD3 0.873 0307 0.296 0.098 0.398 0.97 10.729
SFD4 0.793 0.126 0.082 0.118 0.179 0.945 10.286
SFD5 0811 0382 0391 0.991 0.558 1 7.7469
SFD6 0.821 0222 0.5% 0.076 0397 0.946 10.335
SFD7 0.793 0.126 0465 0 0.118 0.872 10.143
SFD8 0816 0 0.494 0.069 0672 0.946 10339
SFD9 0.902 0216 0.596 0.067 0.194 0938 10264
SFD10 0.816 0.003 0.341 0.081 0.56 0214 8.298

by modeling/predicting the pICso of these newly de-
signed EGFRY " inhibitors (Table 2). The model was not
just chosen but because of its significance with thmg =
0.9459, R%,q = 0.9311, Q% = 0.8947, R’ = 0.7008,
and LOF = 0.1195 [23]. From the table, it can be inferred
that the predicted pICsy of these newly designed
EGFRY? inhibitors (range from 7.746966 to 11.09261)
were better than that of the hit compound with pICs, of
7.563837 and gefitinib the positive control used in this
study with pICsy of 5.879426. This further reaffirmed

the high predicting performance of the model used in
modeling the pICs, of these newly designed EGFRY?'
inhibitors.

Molecular docking of newly designed EGFR"" inhibitors

The ligand-binding interaction between these newly de-
signed EGFR™" inhibitors and the EGFR tyrosine kinase
receptor as shown in Table 3 was investigated and eluci-
dated using the molecular docking protocol. Based on
the molecular docking results, the binding affinities of

Table 3 Types of interactions of the newly designed EGFR™T inhibitors

Entry Binding Hydrogen bond (B. distance (A))

Other interactions

affinities

(keal/ Conventional Carbon Hydrophobic Halogen Electrostatic
hydrogen bond hydrogen bond
mol)
SFD1 —-88 PRO794 (2.29) GLN791 (3.35) PHE795, GLY796, ALA743, MET793, LEU844, LYS745,
and PHE795 (3.51) LEU788, LEU718, VAL726, and ALA743
SFD2 -9 PRO794 (2.71) PHE795 (3.33) and  PHE795, GLY796, LEU718, ALA743, LEU844, VAL726, and
and LYS745 (2.13) TYR801 (3.63) LYS745
SFD3 -9 PRO794 (2.52) GLN791 (3.59) PHE795, GLY796, ALA743, MET793, LEU844, LYS745, LEU788
and LYS745 (1.92) and PHE795 (3.38) LEU788, LEU718, and VAL726
SFD4  -92 PRO794 (2.46) GLN791 (3.33) PHE795, GLY796, MET793, LEU844, MET766, LEU718, ALA743 and LYS745
and THR790 and MET793 LEU844, and VAL726 LEU788
(232) (3.79)
SFD5 -9 PRO794 (2.47) GLN791 (3.60) PHE795, GLY796, MET793, LEU844, LEU718, VAL726,
and LYS745 (2.00) and PHE795 (3.51) ALA743, and LYS745
SFD6 -89 PRO794 (2.59) PHE795 (3.35) and  PHE795, GLY796, LEU844, LEU718, ALA743, VAL726, and
TYR801 (3.61) LYS745
SFD7 =91 PRO794 (2.36) GLN791 (3.46) PHE795, GLY796, ALA743 (2), MET793, LEU844 (2), GLU762
and THR854 and PHE795 (3.47) MET766, CYS775, MET766, LEU718, VAL726, and LYS745
(2.89)
SFD8  -93 PRO794 (2.61) PHE795 (3.35) and  PHE795, GLY796, LEU844, LEU718, VAL726, ALA743, and
and LYS745 (2.23) TYR801 (3.62) LYS745
SFD9  —-9.2 PRO794 (2.43) GLN791 (3.52) PHE795, GLY796, ALA743, MET793, LEU788, LEU718,
and PHE795 (3.42) LEU844, VAL726, and LYS745
SFD10 —-95 THR790 (2.33) PRO794 (3.31) LYS745, LEU792, LYS728, PRO794, and VAL726 ALA743, ILE744, LYS745
and LEU788
ST =75 GLN791 (3.37) LYS745VAL726, LEU718, ALA743, and CYS797 ASP855
DRG and GLY796

(3.52)
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Fig. 2 2D and 3-dimensional structure of the SFD10 receptor

these newly designed EGFRY " inhibitors were found to
be between - 8.8 and - 9.5 kcal/mol. The designed com-
pound SFD10 has the highest binding affinity of - 9.5
kcal/mol followed by compound SFD8 (with a binding
affinity of — 9.3 kcal/mol), then by compound SFD9 and
4 (each with a binding affinity of — 9.3 kcal/mol).

SFD10 (- 9.5kcal/mol) formed conventional and
carbon-hydrogen bonds with THR790 (2.48A) and
PRO794 (3.31 A) amino acids backbone of the receptor.
Besides hydrogen bonds, it formed halogen with
ALA743, ILE744, and LEU788 amino acids, electrostatics
bond with LYS745 amino acid, and hydrophobic bond

with LYS745, LEU792, LYS728, PRO794, VAL726, and
LEU718 amino acid residues of the receptor.

The second best designed compound SFD8 (- 9.3 kcal/
mol) formed a conventional hydrogen bond with
PRO794 (2.61178 A) and LYS745 (2.23017 A) amino acid
residues. It also formed a carbon-hydrogen bond with
PHE795 (3.35205A) and TYR801 (3.6175A). On the
other hand, it also formed a halogen bond with LYS745
amino acids. In addition to the halogen bond, it formed
a hydrophobic bond with PHE795, GLY796, LEU844 (2),
LEU718, VAL726, ALA743 (2), LYS745, and HIS805
amino acid residues of the target protein.
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Fig. 3 2D and 3-dimensional structure of the SCD8 receptor
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Fig. 4 2D and 3-dimensional structure of the SCD9 receptor

Only one conventional carbon-hydrogen bond inter-
action was observed between the designed compound
SFD9 (- 9.2 kcal/mol) and the binding site of the target
protein with PRO794 (2.43) amino acid residue. Also,
two carbon-hydrogen bond interactions were observed
between the designed compound SFD9 and the binding
site of the target protein with GLN791 (3.52) and
PHE795 (3.42) amino acid residues, respectively. The
following amino acid residues PHE795, GLY796,
ALA743, MET793, LEU788, LEU718, LEU844, VAL726,

and LYS745 were also observed between the designed
compound SFD9 and the binding site of the target pro-
tein employing hydrophobic interaction.

SFD4 among the designed compounds with higher af-
finity (- 9.2 kcal/mol) toward the target interacted in the
binding site of the target receptor with PRO794 (2.46)
and THR790 (2.32) residues employing conventional
carbon-hydrogen bond. Two carbon-hydrogen bond in-
teractions were observed between the designed com-
pound SFD4 and the binding site of the target protein
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Fig. 5 2D and 3-dimensional structure of the SCD4 receptor
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Table 4 The drug-likeness of the newly designed EGFR™T inhibitors
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Entry Mw TPSA WLOGP No. of H-bond donors No of H-bond acceptors RO5 violations Synthetic accessibility
SFD1 52899 86.76 4.16 2 6 1 442
SFD2 51253 86.76 4.07 2 7 1 4.39
SFD3 561 86.76 481 2 7 1 478
SFD4 544.55 86.76 4.96 2 8 1 4.52
SFD5 536.58 103.83 371 2 7 1 4.54
SFD6 51253 86.76 4.07 2 7 1 44
SFD7 544.55 86.76 4.96 2 8 1 4.56
SFD8 530.52 86.76 4.63 2 8 1 441
SFD9 546.98 86.76 4.72 2 7 1 443
SFD10 53052 86.76 4.63 2 8 1 444

MW molecular weight, TPSA total polar surface area, H-bond hydrogen bond, RO5 rule of five

with GLN791 (3.33) and MET793 (3.79) amino acid resi-
dues, respectively. The binding site of the receptor was
seen to interact with SFD4 employing hydrophobic
interaction with PHE795, GLY796, MET793, LEU844,
MET?766, LEU718, LEU844, and VAL726. Not only that,
ALA743 and LEU788 amino acid residues were observed
to interact with SFD4 employing a halogen bond.
LYS745 amino acid in the binding site of the receptor
interacted with SFD4 employing electrostatic interaction.

The following amino acid residues, PRO794, LEU718,
ALA743, VAL726, and LYS745 are common to the
best designed compounds which might be the reason
why they have a higher binding affinity. On compar-
ing the designed compounds with the template and
the control gefitinib, the designed compounds pos-
sessed better binding energy than the template and
the control gefitinib. Furthermore, the 3D and 2D
structures of the best four discussed designed com-
pounds are shown in Figs. 2, 3, 4 and 5.

Pharmacokinetic properties of newly designed EGFR"'
inhibitors
The drug-likeness properties of the designed compounds
were also predicted following Lipinski’s rule of five
(Table 4). All the newly designed compounds were
found to have one violation for Lipinski’s rule of five
(WM > 500). The number of hydrogen bond donors and
acceptors for all was less than 5 and 10, respectively.
The TPSA and the WLOGP values were less than 140 A
and 5, respectively. The synthetic accessibility scores of
these newly designed compounds on the scale were in
the easy portion (<5). It means that there is high ten-
dency these newly designed compounds can be easily
synthesize in the laboratory. On that basis, the newly de-
signed compounds predicted to be drug-like compounds,
orally bioavailable, and active [21, 22].

The predicted ADMET properties of these newly de-
signed compounds are represented in Table 5. The in-
testinal absorption values for these newly designed

Table 5 The ADMET properties of the newly designed EGFR"" inhibitors

S/ Absorption Distribution Metabolism Excretion Toxicity

N Intestinal  BBB CNs cvp cvp Total AMES
absorption permeability permeability Substrate Inhibitors clearance toxicity

Log BB Log PS 2D6 3A4 1A2 2C19 209 2D6 3A4

1 93.348 —-0.707 —2723 No Yes No Yes Yes No Yes 0.217 No

2 94.298 -0.679 -29 No Yes No Yes Yes No Yes -0.169 No

3 90.637 -0857 -2713 No Yes No Yes Yes No Yes 0333 No

4 90.939 —0.841 —2.747 No Yes No Yes Yes No Yes —0.054 No

5 93.341 -0.69 —2.889 No Yes No Yes Yes No Yes —-0.063 No

6 94.408 —-0.685 -29 No Yes No Yes Yes No Yes -0.163 No

7 92448 —0.863 —2.747 No Yes No Yes Yes No Yes —0.047 No

8 93.484 —-0.804 —2.958 No Yes No Yes Yes No Yes -032 No

9 92.637 —0.831 -23839 No Yes No Yes Yes No Yes 0316 No

10 91585 -078 —-2.99% No Yes No Yes Yes No Yes -0274 No

BBB blood-brain barrier, CNS central nervous system, CYP cytochrome
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compounds were all above 90% but less than 100. Their
intestinal absorption values have passed the threshold
value of 30%, which clearly shows that these newly
designed compounds have high human intestinal
absorption properties. The BBB permeability (log BB)
values of all newly designed series F compounds were all
< -1, which implies that all these newly designed
compounds are poorly distributed through the brain.
The CNS permeability (Log PS) values for all were > —2
which are considered to penetrate the central nervous
system. Moreover, they were found to be both substrate
and inhibitors of CYP3A4, thereby affirming their meta-
bolic properties. Furthermore, the total clearance for a
drug molecule in the body for these newly designed
compounds was within the accepted value. All the newly
designed compounds were found to be non-toxic. Based
on these predicted parameters, the newly designed com-
pounds are said to have high absorption value, low
toxicity level, and good permeability across the cell
membrane. In general, all these newly designed NSCLC
drugs were predicted to have good pharmacokinetic
profiles [21, 22].

Conclusion

In the end, the modeled activities of these newly de-
signed EGFRY " inhibitors were seen to be higher than
that of the template compound and the control used in
this research as well as their binding affinities toward
their target (EGFR kinase enzyme). They were seen to
possess drug-like properties by non-violating more than
1 of Lipinski’s rule of five, the filtering criterion used in
this work, meaning they were predicted to be orally bio-
available. More so, they were also seen to have good
ADMET properties, and none of them was found to be
toxic. Furthermore, based on their synthetic accessibility,
they can be easily synthesized in the laboratory. There-
fore, this study recommends that these newly designed
EGFRYT inhibitors should be synthesized.
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