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Abstract

Objective: Breast cancer is a public health challenge on a global scale that is
caused by environmental or genetic factors. Breast cancer is affecting both
males and females, but there is still a lack of effective drugs with improved
potency and admissibility against breast cancer as many of the breast cancer
drugs have severe side effects. Methods: The docking approach has been used
to find a new compound for breast cancer with more efficacy and tolerance and
with lesser side effects. A ligand-based pharmacophore approach has been gen-
erated for 39 anticancer compounds with significance for the development of
new drugs. Result: Through docking, the approach found new lead compounds
for breast cancer. The proposed pharmacophore model in this study contains
two HBAs and one HYD, one hydrophobic domain and two Aromatic rings
and the estimated distance range is minimum to maximum of derived phar-
macophore features. Conclusion: Based on this research, it is proposed that
these two lead compounds may be able to be used against EGFR in breast can-
cer. New compounds can be identified based on common features in the Phar-
macophore model. 3D pharmacophore triangle could be used for further stu-
dies because this pharmacophore has better merging and in the future for more
studies can suggest the same distance range of pharmacophore features as this
pharmacophore.
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1. Introduction

Breast cancer is the most widespread and universal disease, each year, 1.3 million
cases of breast cancer are reported [1]. According to the World Health Organi-
zation (WHO), 16% of patients die due to breast cancer globally [2]. Breast can-
cer is the uncontrolled division or multiplication of breast cells. An Egyptian
study of 1600 BC woman history showed that inner layers of milk ducts supply
milk which is associated with the first type of breast cancer [3]. This disease is
the most common in females and has a higher rate in developed country females
but men can get it, too [4] [5]. Breast cancer is the 2" most cancer overall and it is
a big issue worldwide. 508,000 females died due to breast cancer in 2011 and 1.7
million new cases of breast cancer were reported in 2012 [6]. In 2016 American
cancer society estimates 246,660 new cases of invasive breast cancer diagnosed in
the females of the United States [7]. In Pakistan every year 83,000 cases of breast
cancers are reported. Breast cancer kills nearly 40,000 women every year in Pakis-
tan [8]. The main causes of this cancer are age, inheritance, height, radiations,
smoking, obesity, use of alcohol, overweight, and aversion to breastfeeding.
There are many proteins involved in breast cancer but I choose EGFR (Epider-
mal growth factor receptor) because this protein is also involved in many other
cancers like lung neck and head cancer and is also involved in the disease of Sep-
sis [9]. EGFR is also known as HER1 and also has a main role in breast cancer.
EGEFR is the abbreviation of epidermal growth factor receptor. EGFR is a mem-
ber of the ErbB family of tyrosine kinase receptors and it transmits signals to the
cell [10]. The normal functions of EGFR are normal cellular processes of the body
like proliferation differentiation and development but EGFR dysregulation leads to
cancers of different types [11]. The overexpression of EGFR was observed in 20.6
percent of 165 case studies but the EGFR gene amplification was observed in 7.9
percent cases [12]. In 1992, Klijn ef al observed the expression of EGFR in 2500
out of 5232 breast carcinomas from different patient histories which revealed that
EGEFR has a keen role in the development of breast cancer. EGFR gene amplifica-
tion cases were rare but according to Buchholz et al from 82 patients with breast
cancer, 17% of patients present EGFR expression in breast carcinomas and there
are 14.5% of EGFR positive breast carcinoma cases among 278 cases of invasive
breast carcinomas [13]. Mutations occur in axons 17 - 21 of EGFR that causes
breast cancer. Accordingly, to previous studies, some drugs are not useful as the-
rapeutic agents but they are beneficial and fighting against cancerous cells with the
combination of other drugs. Initial candidate chemicals or “leads”, are often the
only recognized test agents for prolonging survival. This is used for the identifica-
tion of the most clinically active breast cancer drugs. The docking approach and

pharmacophore modeling are considered a very important part of drug design
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and through these steps can understand the interaction between a protein and a
ligand and in both approaches can predict the binding of receptor and ligand by
specifying the arrangement of atoms of the functional group. The pharmaco-
phore model is very convenient for understanding the common properties of the
binding group to determine the type of inhibitor binding with a target. Cell sur-
faces are the regions where interactions between receptors and ligands occur.
Any activity starts from the cell surface and then moves towards the intracellular
pathway. Initially, the abnormality in EGFR was identified in signaling pathways
and hence leads to tumor formation.

The pharmacophore model is a very convenient way to understand the
common properties of the binding groups to determine the type of inhibitor
binding to the respective target. In this research docking approach, pharma-
cophore modeling and pharmacophore triangle were developed to promote the
discovery of more effective EGFR inhibitors for the treatment of breast cancer.
The compounds used for docking and then for pharmacophore modeling have
been reported in reference papers. In previous studies showed that several
compounds have toxic effects and non-beneficial against breast cancer. Due to
toxic side effects, there is an urgent need to develop a natural inhibitor for

breast cancer.

2. Materials and Methods

2.1. Structure Retrieval

The work was initiated by retrieval of the 3D structure of EGFR protein from
PDB (http://www.rcsb.org/pdb) and the PDB id of protein was 4WD5 and

PDB is a protein data bank that contains information of macromolecules like

proteins and nucleic acid etc and also contains information about small mole-
cule like ligands and it also contains some detail about crystallographic struc-
tures, structural descriptors, and data collection and structure refinement [14].
The sequence and three-dimensional structure of this protein were already
predicted to know the properties of protein like several amino acids, molecular

weight atomic composition program (http://web.expasy.org/protparam/) tool

was used. In program can check all required properties of the protein [15]. for
protein visualization and purification of protein like removal of water mole-
cules and unique ligands, UCSF chimera 1.10 software was used UCSF Chi-
mera is a highly extensible visualization program for interactive visualization
and analysis of molecular structures and related data, including density maps,
supramolecular assemblies, sequence alignments, docking results, trajectories,
and conformational assemblies either there are macromolecules or micromo-
lecules. High-quality images and animations can also be generated through
chimera. Chimera includes complete documentation and several tutorials and
can be downloaded free of charge for academic, public, non-profit, and per-
sonal use. Chimera is developed by the resource for informatics, visualization,

and biocomputing [16].
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2.2. Selection of Compounds and Docking Approach

The docking process involves the prediction of ligand orientation and confirma-
tion within the targeted binding site of EGFR. Two essential components of
protein-ligand docking are sampling and scoring [17]. Sampling gives the in-
formation about ligand orientation or confirmation near the binding site of pro-
tein and scoring gives information of the binding tightness for ligand the top
orientation is the one with the lowest energy score. For docking, the selection of
data set compounds is the most important step. From literature survey, an-
ti-breast cancer compounds have been identified which collected a set of 39 li-
gands and the chemical structures of compounds are shown in (Table 1). It is
urgent need to control the overexpression of EGFR at the initial level of disease.
The 2D structures of compounds were derived from Pubchem and saved in SDF
format. Pubchem is a database for the biological properties of small molecules.
The main purpose of PubChem is to make information easily accessible for bio-
medical researchers and PubChem became a leading public data repository by
expanding search, structural retrieval, and data analysis and download tool [18].
The small compounds of targeted ligands were imported into AutoDock Vina
utilizing PyRx features and were docked with EGFR protein and results of Dock-
ing scores are shown in (Table 2). PyRx is open source software its interface runs
on all main operating systems like Windows, Mac Os, Linux, supercomputers.
PyRx is virtual screening software designed for computational drug discovery and
used to screen libraries of compounds against drug targets [19].

AutoDock Vina is a program for molecular docking and is also for virtual
screening. AutoDock Vina, speed-up the molecular docking than other previous
tools and also increases the accuracy of the binding site predictions. AutoDock
tool used to convert compounds into PDB format and the grid box was used to
define the binding site and the objective of docking studies was to identify the
binding pattern and to find the binding energies [20].
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Figure 1. Both graphs show the binding affinity of docked compounds. In graph (a) bms599626 compound has lowest binding
affinity and in the graph (b) bms599626 hydrochloride compound has lowest binding affinity.
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Table 1. Chemical structures of compounds used as inhibitors for EGFR protein involved in Breast Cancer. These inhibitors were
selected from the literature review. The chemical structures of both lead compounds are same but their names are different.
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2.3. Protein-Ligand Interactions

PLIP (projects.biotec.tu-dresden.de/plip-web) is the abbreviation of protein-ligand
interaction profiler and it is the first web server that provides visualization and
analysis of protein-ligand interactions by loading PDB structures [21]. The algo-
rithm of PLIP does not require any structure preparation and PLIP offers 2D and
3D interactions and can also download results in XML and text format and can also
save images [21]. The key objective to find interactions is to check how ligands are
interacting with their surrounding residues and after docking and interactions,

found a lead compound having low binding affinity and maximum interactions.

2.4. Toxicity Analysis

After identification of the lead compound the toxicity analysis was an important
step and for toxicity admetSAR (http://www.admetexp.org) software was used.
Through admetSAR check the different properties like Absorption, Distribution,

Metabolism, Excretion, and Toxicity. These all properties are the key properties
for drug discovery and are shown in (Table 3) and admetSAR is free of cost and
open source software [22] [23] [24].

2.5. Pharmacophore Modeling

Pharmacophore modeling work was initiated by using ligands out software and
ligands out runs freely on all major operating systems. LigandScout is an auto-
mated and speedy tool. LigandScout is not only important for binding site anal-
ysis but also important for designing shared feature pharmacophore [25]. Phar-

macophore features are shown in (Table 4).

2.6. 3D Pharmacophore

The key objective for the designing of the pharmacophore was to create the 3D
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Table 2. Calculation of binding affinities (Kcal/mol) of selected anti-cancer compounds
against breast cancer receptor.

Sr no. Ligand Name Binding Affinity
1 Bms-599626 -9.6
2 873837-23-1 -9.5
3 Co1680_Hydrobromide -9.3
4 Icotinib -9.2
5 Pazopanib -89
6 AST-1306 -8.8
7 Lapatinib -8.8
8 Olmutinib -8.7
9 Wz004 -8.7
10 ‘Wz8040 -8.6
11 Xl647 -8.7
12 Anlotinib -8.3
13 Dacomitinib -8.7
14 Neratinib -8.2
15 PD168393 -8.6
16 Sapitinib -9.3
17 Poziotinib -8.7
18 Canertinib -8.0
19 Cl-387785 -8.5
20 Varlitinib -8.1
21 Pelitinib -8.0
22 ZM39923_HYDROCHLORIDE -7.9
23 Bms690514 -8.1
24 EA1045 -8.9
25 Gefitinib -7.6
26 171179-06-9 -7.5
27 Afatinib -7.5
28 Cudc-101 -8.3
29 Tyrophostin_AG_1478 -7.9
30 Tyrphostin_B42 -7.9
31 Whi-P154 -7.3
32 Whi-P180(hydrochloride) -8.4
33 Butein -7.5
34 Erlotinib -7.1
35 Erlotinib_Hydrochloride -7.1
36 OSI_420 =7.2
37 Tyrophostin_23(AG18) -7
38 1050500-29-2 -6.3
39 Spdb -7
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Table 3. Toxicity analyses of top two compounds utilizing admetSAR analyses tool.

Blood Brain Human Intestinal . i Fish Acute Oral Aqueous Rat Acute
Compound name . . Caco2-permeability Carcinogens . . o .
Barrier Absorption Toxicity Toxicity Solubility Toxicity
BMS 599626 0.8778 1.0000 0.5668 0.8306 1.3568 0.6101 —3.5252 2.6513
BMS 599626 Hydrochloride 0.8816 1.0000 0.5621 0.8073 1.3188 0.6049 —3.6989 2.6675

Table 4. A pharmacophore is a precise representation of molecular features that are important for the molecular identification of

a ligand with protein. Usually the Pharmacophore features are based on hydrophobic, hydrogen bond acceptors, aromatic rings,

and hydrogen bond donors.

Phamllacophore AroTnatic Hydrogen Bond Hydrogen Bond Hydrophobic Pharmacophore
Solution Table Ring Acceptor Donor fit score
Pharmacophore 2 1 1 0.8281

pharmacophore. The purpose of Pharmacophore triangle generation is to find
distance range from minimum to maximum in Pharmacophore features like
aromatic ring hydrogen bond donor, hydrogen bond acceptor, and hydrophobic
[26]. The last step is to develop a triangle shown in (Table 4).

3. Results

The 3D structure of EGFR was already predicted so just retrieve the 3D structure
of EGFR from PDB and the PDB id of EGFR was 4WD5.EGFR structure com-
prising of 2 chains A, B, and 660 Amino acid residues. For the stability of pro-
tein removed water molecules and hydrogen atoms from the structure and just
select A chain for research consists 330 amino acid residues. The docking ap-
proach is an essential portion of drug designing. Docking of protein with se-
lected ligands was done through AutoDock Vina (PyRx). The docking process
involves the prediction of ligand orientation and conformation inside the tar-
geted binding sites of the protein. The main purpose of docking is to find the
lowest binding affinities with the highest binding energies in docked complex
between protein-ligands. The binding affinities (Kcal/mol) of docking analyses
of the selected inhibitors are shown in Figure 1

Pharmacophore analysis is also a vital part of drug designing. The pharmaco-
phore generated by LigandScout for the selected inhibitors of EGFR involved in
breast cancer showed four main features hydrophobic group, hydrogen bond do-
nor, hydrogen bond acceptor, and aromatic ring. In the Pharmacophore model of
lead compounds, the red arrow show represents HBA, the blue arrow represents
aromatic ring, the yellow arrow represents Hydrophobic, and the green arrow
represents HBD shown in Figure 2. Minimum and maximum distance range cal-
culated between three Pharmacophore features. It is observed that BMS-599626 and
BMS-599626 hydrochloride are the best compounds with the lowest binding affini-
ty and showed maximum molecular interactions in their binding pockets Figure 3.

The distances between the aromatic ring and HBD range from 4.247 to 5.527,
between aromatic rings to HBA range from 6.557 to 7.557, and between HBA to
HBD range from 3.069 to 4.069 shown in Figure 4.
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(b)

Figure 2. Pharmacophore models of compounds demonstrated ideal docking results with EGFR protein. (a) Shows the Pharma-
cophoric features of bms599626 and (b) shows the Pharmacophoric features of bms599626 hydrochloride.
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AN

Met-97

Figure 3. The molecular interactions formed by the best hit compounds with EGFR Pro-
tein. (a) bms599626; (b) bms599626 hydrochloride.

3.069A-4.069A

' 4Aromatic
\ Ring

Figure 4. Representation of Pharmacophore triangle: Pharmacophore Triangle based on
the minimum and maximum distance ranges between Pharmacophore features like hy-
drogen bond acceptor, hydrogen bond donor, and aromatic ring.

4. Discussion

In the present work, Docking is performed to identify the binding affinity of 39
ligands with protein and also identify that how ligands are interacting with their
surrounding residues after docking, and toxicity analyses are performed to check
the ADMET properties of all compounds. Selected standard compounds are
used to identify the pharmacophore and to verify the result of the selected 39 an-
ticancer compounds and 3D pharmacophore generation is to find the minimum
and maximum distance range between Pharmacophoric features for the first
time. In this research, we follow the same techniques and tools for docking,
identification, generation of pharmacophore, and generation of 3D pharmaco-
phore were reported before in different research articles. The selection of com-

pounds for datasets is the most important step in pharmacophore modeling. A
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set of 39 compounds were selected from literature to find out their binding af-
finity with protein and the arrangement of chemical features of protein tell us
about its drug activity towards the selected compounds.

The pharmacophore model of selected compounds involves hydrogen bond
donor, hydrogen bond acceptor, aromatic ring, and hydrophobic group, the
main focus is on chemical features of ligands that enhance their binding affinity
to the target protein EGFR. Docking of selected compounds was done through
the PyRx tool. The pharmacophore model for the selected compounds was gen-
erated through ligands out. Essentially, identification common features such as
H-bond acceptors, hydrogen bond donor, hydrophobic regions and aromatic
ring, etc. The selected ligands were docked first before the pharmacophore gen-
eration. The docking approach helps in the identification of binding affinity be-
tween protein and ligands. The Pharmacophore features help in the identifica-
tion of better anticancer agents.

The summarized form of pharmacophore of respective compounds showed
how many pharmacophore features are present. Based on the above information
distance triangle was made which shows different features like hydrophobic fea-
ture, aromatic ring, hydrogen bond acceptors, and hydrogen bond donor. For
the pharmacophore triangle distance range is also given. The calculations of dis-
tances were done through chimera software. The distances between the aromatic
ring and HBD range from 4.247 to 5.527, between aromatic rings to HBA range
from 6.557 to 7.557, and between HBA to HBD range from 3.069 to 4.069.

5. Conclusion

This study used to find an affective compound as an inhibitor for EGFR through
docking approaches and Pharmacophore modeling. The final findings con-
cluded that the selected compounds stabilize EGFR protein. These lead com-
pounds can be suggested for further drug designing and experimentation on
breast cancer. This research might provide a new base for controlling irregulari-
ties and cancer that is caused by EGFR. These lead compounds will be helpful
for the scientific world and can also help in the identification of new compounds

against breast cancer.
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