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ABSTRACT

Cancer is a malignant disease and causing the high rate of mortality and morbidity. Current strategies for the
treatment include chemotherapy, radiation therapy and surgery. There are various validated targets are explored
and among them EGFR (Epidermal growth factor receptor) is most recently known to control the cancer and also
implicated in more than 30% case of epidermal cancers. EGFRis a cell surface protein which involves in the cell
proliferation and plays a crucial role in progression of cancer. Mutation in EGFR leads to the development of
cancer. Only few drugs are available targeting the EGFR such as gefitinib, erlotinib, afatinib, brigatinib, icotinib
and cetuximab. So herein we tried to explore the EGFR for identification of novel ligands through virtual screening
by using Autodock Vina as molecular docking software. Among tested ligand indole ligand (5) showed better
binding affinity. The novel identified ligands can be helpful in drug discovery and devel opment and also can serve a
better therapeutic substitute in case of drug resistant.
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INTRODUCTION

Cancer is a most common disease involve in greauatmof morbidity and mortality in the world. It gross an
abnormal growth of cells that tends to proliferated in some case it spread i.e. metastasize [14art be
characterized by signs and symptoms such as fatigwer, pain, skin changes (jaundice, rednesedang),
trouble in swallowing, enlargement, and difficultyth bowel or bladder function, constant cough @axdessive
blood loss [1]. Cancers are classified as eitlugiidi i.e. blood cancer; or solid i.e. prostate gliior breast cancer. It
can also be classified according to the tissue sscki) carcinomas i.e. prostate, breast, sking,lucolon; (ii)
leukaemias i.e. blood cancers; (iii) myelomas lb@ne marrow (iv) sarcomas i.e. fat, bone, musdesdijlage and
blood vessels; (v) lymphomas i.e. cancer of immaystem cell$2].

Treatment of cancer includes chemotherapy, radiatip immunosuppressive drugs etc. [1,2]. Chemothera
includes the targeted therapy which utilizes théemdar targets involves in the growth, progressemd spread of
cancer. There are various validated targets whieheaplored and among them EGFR (Epidermal groattof
receptor) is most recently known to control theamnand also implicated in more than 30% case wfeemal
cancers. The epidermal growth factor receptor (EA&R growth factor receptor that causes celkdditiation and
proliferation by activating the binding of its ligd[3]. EGFR situated at the cell surface and activdg a tyrosine
kinase upon binding with ligand of four transmenmneraeceptors i.e. EGFR (HER1/erbB-1), HER2 (erbiea),
HER3 (erbB-3) and HER4 (erbB-4). The EGFR (HERI1Brks a cytoplasmic tyrosine kinase domaihich is
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hydrophobic in nature [4,5]. The conformational mip@s in EGFR takes place after binding of a ligavidch leads

to phosphorylation of intracellular substrates oesible for cell growth, DNA synthesis as well apmression of
oncogenes [6-8]. The cellular substrates such aspttolipase C-y, (PLC-y), mitogen-activated protkinase
(MAPK) and theras GTPase-activating protein (GAP) are activated [3GFs and their transmembrane receptor
kinases play a vital role in cell differentiatigarpliferation, migration, survival and adhesion/[6,

Over-expression or dysregulation of EGFR resultsatignancies and stimulate tumor growth, progoessis well
as invasion [4]. Various epithelium cancers sushead and neck cancer along with breast, utdsladder, brain,
cervical, esophageal, colon, ovarian, renal celhgpeatic, glioma and non-small-cell lung canceBQNC) are due
to dysregulation of EGFR [9-11].

Monoclonal antibodies (MAbs) such as cetuximab Q§f,anitumumab [4,8], ABX-EGF (Abgenix) [4], EMD
72000 and MDX-447 (Medarex) [4] act by binding extllularly which will cause internalization of egator—

antibody complexes that inhibit the EGFR signahpety and potentiate stimulation of an immunologiesponse
[4,9]. Various EGFR mAbs are in clinical trial asdnsidered as potential alternate for the treatroémancers
(Table 1).

Table 1. EGFR mAbsand TKIsinhibitorsin clinical trials

mAb Developer TKls Developer
IMC-C225 | ImClone/BMS/Merck KGaA| ZD1839 AstraZeneca
ABX-EGF | Abgenix/Amgen OSI-774 OSI/Genentech/Roche
EMD 72000 | EMD Pharms/Merck KGa | CI-103: Pfizer
MDX-447 | Medarex/Merck KGa‘ EKB-56¢ Wyeth Ayers
H-R3 YM Biosciences/CIM GW572016 | GlaxoSmithKline
Mab 806 Ludwig Institute PKI-166 Novartis

Due to complexity and cost of mAbs other importelass of EGFR inhibitors have gained consideratilention
known as tyrosine kinase inhibitor (TKIs) such aitqib (ZD1839) [4], erlotinib hydrochloride (Teeva) [4]
(Figure 1), PKI-166, GW572016, CI-1033 and EKB-5@8ich act by binding intracellularly, and preventigation
of tyrosine kinase leads to inhibition of EGFR sbrpathway which involves in phosphorylation [11:14
Development of TKIs generated the new era of catieatments and interest for the scientist (Tapl€®wr current
research in heterocyclic scaffolds and their péaémipplication in drug development [15] paved thay to study
the newer ligands based on erlotinib.
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Figure 1. TKIsdrugsas EGFR inhibitors

EXPERIMENTAL SECTION

Multi drug resistance (MDR) is a common problenthie treatment of cancer and hence new drug developin
an essential need to overcome this problem. Tkdssampler and cost effective than the mAbs EGFRbitdrs, so
we have chosen the erlotinib as the basic pharnmacepo design the novel EGFR inhibitors. Variotrsictural
analogue are designed on the basis of erlotinibEE@Ribitor 3-8) by the madification in heterocycle (ring B) as
well as varying the side chain at ring A (Figure 2)
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Figure 2. Designing of new ligand on the basis of erlotinib

The designed molecules can be analysed throughcmatedocking (figure 2) using Autodock Vina 1.56ftware
[16], which is useful molecular docking softwaredentify the potentially active ligands. The desliprotein 1m17
is downloaded from protein data bank [17] and labito Autodock Vina for extraction and preparatwiigand

by adding polar hydrogen to the ligand (AQ499%ftmib) and saved as ligand.pdbqt (Figure 3).
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Figure 3. Preparation of ligand (AQ4999, erlotinib)
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Validation of selected protein 1m17 is done by &otion of ligand and docking it in a same manneacsal ligand
(AQ4999; erlotinib). For preparation of protein 1rgrotein is reloaded and various problems weredfisuch as
missing bonds or atoms, and remove extraneouststescsuch as water molecules. Before beginningdkecular
docking the PDB file is inspected for such struetuand cofactors as may be bound to protein nbtuat also
affect the binding of ligand. X-ray crystallograpbgually does not locate hydrogens; hence most fiE8do not
include them. But hydrogens, particularly thoset tten involve in hydrogen bond, are important inding of
ligands; hence polar hydrogens are added along thighKollaman charges. Later on macromolecule sased
1m17.pdbqt file (Figure 4). Afterward ligand.pdlisiioaded and set it as map type by choosing ligarttigrid box
generated by selecting “Center on ligand” and sdvled close saving current as precautionary messlike search
space volume should be more than 27060 A
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Figure 4. Preparation of 1m17 protein for molecular docking

Configuration file was prepared for ligand anddtordinate based on grid output txt file and madlacdocking
was performed by “Command Prompt” and saving thgpuwufile as log.txt. Thereafter all the newly dgsd

ligands are prepared by ChemDraw Ultra and congtdde8D structure [18]. Geometry of all designeghlids was
optimized by semiemperical MM2 method and saveddio files. Molecular docking was performed on ojitieal

structure of protein and compared with erlotingald on the basis of binding affinity of outpuefiFigure 5).
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Figure5.0utput file of Autodock Vina molecular docking
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Table 2. Comparison of estimated free ener gy of binding of the investigated ligands

S.No. Ligand Binding affinity (Kcal/mal)
\O/\/O /Nm
1 NC\©/NH -6.9
2
Erlotinib
\OI INJ
2 NC. : NH 7.7
3
|
\OI I
3 NC. : ) -7.5
4
Sqw
4 NC\©/NH -8.0
5
oW
o N
5 NC©) 7.9
6
Sdw
~0 I}I’N
6 NC\©/NH -7.4
7
oW
~o NN
7 NC\Q) 7.7
8

RESULTSAND DISCUSSION
The designed molecules were analyzed by molecwekidg and identified as potential EGFR inhibitass shown

in table 2. Modification of ring B lead to benzimizble 8,4), indole 6,6) and triazole 7,8) analogue of erlotinib.
All the newly designed molecules (Entries 2-7, ¢a®) showed the better binding affinity than tHeterib (Entry 1,

357



Gopal L. Khatik et al J. Chem. Pharm. Res., 2016, 8(4):353-360

table 2) on selected EGFR protein (1m17) at theibmsite19-21]. Results obtained through this study réaea
some inportetn structural features for potentialFRGinhibitors such as quinazoline ring of erlotirchn be
modified to other ring as the bioisosteric replaeatThe binding affinity represnted in ascendirennmer as indole
ligand > benzimidazole ligand > benzotriazole liganquinazoline ligands which means indole ligab)dafe better
ligand with high affinity whereas benzotriazoledigl 8) has low affinity in the series bt still higheath marketed
drug erlotinib @).

For in-depth study of the binding interaction, wavé selected the best posed ligaBdwhich showed highest
binding affinity -8.6 Kcal/mol (Entry 4, table ZJhe interactions are visualized by pymol visualiged studied at
the binding site of the EGFR receptor (1m17) angiaded in figure 6 (Overlay ligan8i and erlotinib); figure 7
(binding interaction of ligand with binding site of 1m17 protein) and figure &ged ligand at protein 1m17).
Overly in figure5 showed the perfect orientation of ligark) §imilar to erlotinib at the binding site. Both thexy
of ring A showed hydrophobic interaction with VaZZ0and Leu694 amino acid residues whereas CN gtQin
forms hydrogen bonds with Asp831 and Lys731 amuid eesidues (Figure 7 and 8).

Figure 6. Overlay of docked ligand (5; green in colour) and erlotinib (pink in colour)

Figure 7. Binding interaction of ligand (5) at the binding site of 1m17 protein (EGFR receptor) (a) showing molecular surface of ligand
(5), (b) showing ball and stick model of ligand (5)
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Figure 8. Docked ligand in the binding site of 1m17 protein (a) showing molecular surface of ligand (5) and ribbon structure of protein
(b) showing close contact of ligand (5) and ribbon structure of protein

All the ligands are binding at the same site bussgss different binding affinity, among all thealigls; indole
ligand 6) has better affinity with -8.0 kcal/mol. This mag due to its lower molecular surface which fitstdre
than ligand tested. These results suggested thstitation on ring A could be smaller such as mrthas an
electron donating functional group for hydrophobiteractions is necessary (Entry 1-7; table 2).Hiog at the
other results such as comparison of size of rimghiBh suggested that it could be modified to fivemniered rather
than a six membered ring to improve binding affini{fCompare entry with and 2-7; table 2), wher€asng
topography remain same for biological activity. ther investigation on these newly designed ligamdy provide
the better solution in current cancer chemotheyajgygeting EGFR as potential target.

CONCLUSION

The utility of epidermal growth factor receptor (EB)-blocking agents is limited to a small numbetuwhor types.
Several reports suggested that head and neck sgsareth carcinoma (HNSCCs) is due to over growthuofior
cells as well as premalignant epithelial cells. BG/hibitor generally inhibits the induced cancell proliferation.
First generation EGFR like TKIs, which reversibiynd to kinases, had limited success after proloreygalication
i.e. patients have developed TKI resistance becafisecondary mutations. To overcome this resigtasecond
generation drugs were developed which are currdmilyg investigated. Hence we designed the nogahtd which
could serve as a lead for drug discovery and dewedmt. The results from our study showed that tioéeoular
docking method would be able to generate novehtigavith better binding affinity than erlotinib aket EGFR
inhibitor. With the increased understanding of loigdmode of the investigated ligands, we have hdentified
small molecule with good binding affinity indolegéind 6). Further it can be optimized and studied for duptal
evaluation to develop an alternate drug with bettefile.
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