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Abstract: Cancer is a large group of diseases involving disordered cell growth. In this type of disease
(cancer), cells will grow and divide very fast So that is uncontrollable and may be converted to malignant
tumours.There are several types of cancer, including Gastric cancer. Unfortunately, Gastric cancer is a global
health issue and also it is the second leading cause of cancer mortality in the world [3].

Biology and chemical scientists across the world are trying to find the ways and more effective drugs to
treatment for this disease. But it is very time consuming and expensive, for this reason Bioinformatics scientists
try to do this process in much less time by using in silico methods and some software and tools and obtain a
more favourable results.

For example, nowadays Bioinformaticians use some software and databases for discover or design any
drugs and compounds with spend less of time and less cost .

Based on the previous studies, various molecular target agents have been investigated for Gastric
cancer [4] and they have shown that over expression of human epidermal growth factor receptor (EGFR family
is composed of known four receptors HER1, HER2, HER3 and HER4) or gene mutations in members of HER
family are rare in Gastric cancer[6].

In this project we have choose two targets HER1 and HER2 of this family, because over expression of
HERL1 occurs in 24% of Gastric cancer and HER2 gene is amplified or over expressed in 10% to 22% of
Stomach cancer[4],[14].

Also we have selected three drugs, Gefitinib, Erlotinib and Lapatinib and several similar compounds
with them as inhibitors of HER1 and HER2, and We are trying to be the best ligand for these targets is
selected.Lapatinib is a tyrosine kinase inhibitor (TKI) against HER2 and HER1 (EGFR), and it is an oral low-
molecular weight [16]. It is used as a second — line or third —line therapy in patients with HER2- positive
Gastric cancer (commonly used first-line therapy is chemotherapy). Lapatinib blocks receptor phosphorylation
and activation [15].

Gefitinib and Erlotinib are EGFR inhibitors and they are small molecular weight compounds which
inhibit tyrosine kinase. On the basis of this background we aimed of the present study to predict probably
ligands to inhibit HER2 and EGFR in Gastric cancer.

l. Introduction

Gastric cancer, or Stomach cancer, connect to cancer arising from any part of the stomach. Despite a
main decrease in occurrence and mortality over several decades, Gastric cancer is still the fourth most common
cancer and the second most common cause of cancer death in the world [1]. Stomach cancer can often be cured
if it is recognized and treated at an early stage. Unfortunately, Prognosis of this cancer is poor (5-year survival
<5 to 15%) because most patients introduce with advanced disease [2].

Five types of standard treatment are used for treatment GC: Surgery, Chemotherapy, Radiation
therapy, Chemo radiation, Targeted therapy. Today’s more scientists are focused on Targeted therapy.

Targeted therapy is a type of treatment that uses drugs or other substances to identify and attack
specific cancer cells without harming normal cells [11].

Monoclonal antibody therapy and small molecules therapy are types of targeted therapy used in the treatment of
gastric cancer [12].

In monoclonal antibody therapy, these antibodies can identify substances or drugs on cancer cells or
normal substances that may help cancer cells grow. The antibodies attach to the substances and kill the cancer
cells, block their growth, or keep them from spreading. Monoclonal antibodies are given by infusion. They may
be used alone or to carry drugs, toxins, or radioactive material directly to cancer cells.

In small molecules therapy, using small molecules such as Gefitinib, Erlotinib to inhibit the tyrosine kinase
activity, which is on the cytoplasmic side of the receptor.

The previous studies have shown, the epidermal growth factor receptor (EGFR) and one member of
human epidermal growth factor (HER2), are observed in many kinds of human cancers, and have considered
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some small molecule drug candidates (such as Gefitinib, Erlotinib, Lapatinib, etc) to inhibit their protein targets
activities [14,16]. There is growing evidence that HER2 is an important biomarker and key driver of
tumorigenesis in gastric cancer, with studies showing amplification or over expression in 7-34% of tumours [4].
The over expression of EGFR (Epidermal Growth Factor Receptor) occurs in 58-86% of gastric
adenocarcinoma [4].EGFR can be targeted from the outside of the cell by intravenous monoclonal antibodies
against the target protein (also known as a ligand) binding portion of the cell, or from the inside of the cell by
oral small molecule inhibitors against the part of the receptor called the tyrosine kinase domain that activates the
intracellular machinery [4,5]. Mutations affecting EGFR expression or activity could result in cancer. In
addition EGFR drives the development of multiple solid tumor types, and EGFR provides a strong rationale for
EGFR-TK as a targer molecule for the expansion of novel cancer therapies.

HER1/EGFR dimers are capable of activating multiple downstream signaling pathways [7].

Activation of HER1/EGFR mediated through ligand binding triggers a network of signaling processes
that promote tumor cell proliferation, migration, adhesion, and angiogenesis, and decrease apoptosis. Therefore,
inhibiting HER1/EGFR activity could effectively block downstream signaling events and, consequently,
tumorigenesis [8].

Amplification or over expression of HER2 has an important role in several types of cancer
(The ERBB2 gene is also called HER2).

One method is using small molecules as inhibitors to inhibit the EGFR tyrosine kinase, which is on the
cytoplasmic side of the receptor. Because without kinase activity, EGFR and HER2 cannot activate themselves,
which are prerequisite for binding of downstream adaptor proteins. Finally the proliferation and migration of
tumor is diminished by stopping the activity of cells that rely on this pathway[8,16]. Gefitinib, Erlotinib,
Trastuzumab and Lapatinib are examples of small molecule kinase inhibitors. It is noteworthy that we
selected EGFR and HER? as targets and considered “Gefitinim”, “Erlotinib” and “lapatinib” as ligands.

Gefitinib (or Iressa) is a useful drug used for treatment of some type of cancers such as breast, lung
and gastric cancer. Its chemical formula is C,H,,CIFN4O3 . Gefitinib is in the form of a tablet and it is used
orally. Gefitinib is used to inhibit the activity of epidermal growth factor receptor (EGFR) in target cells [13].
The EGFR pathway is involved in regulating growth and replication of a cell. In many cancer cells, this pathway
is abnormal and provides continual growth stimulation of a cell. Gefitinib blocks part of the epidermal growth
factor receptor pathway so that the cellular growth signals are inhibited.[17]

Actually Gefitinib is considered as the first selective inhibitor of epidermal growth factor receptor's
tyrosine kinase domain. It inhibits the intracellular phosphorylation of numerous tyrosine kinases associated
with transmembrane cell surface receptors, including the tyrosine kinases associated with the epidermal growth
factor receptor (EGFR-TK).

Gefitinib in the first step binds to the adenosine triphosphate (ATP)-binding site of the enzyme, after

that inhibits EGFR tyrosine kinase. Thus the function of the EGFR tyrosine kinase is inhibited, and malignant
cells are inhibited.
Erlotinib hydrochloride (Tarceva or OSI-774) is used to treat non-small cell lung cancer, pancreatic cancer and
several other types of cancer. Its chemical formula is C,,H,3Ns0, Erlotinib belongs to the quinazolinamines.
These are heterocyclic aromatic compounds containing a quianazoline moiety substituted by one or more amine
groups. We can use Erlotinib for the treatment of patients with locally advanced or metastatic non-small cell
lung cancer after failure of at least one prior chemotherapy regimen. Also for use, in combination with
gemcitabine, as the first-line treatment of patients with locally advanced, unrespectable or metastatic pancreatic
cancer [18].

The target of Erlotinib (Similar to Gefitinib) is the epidermal growth factor receptor (EGFR) tyrosine
kinase. It binds in a reversible fashion to the adenosine triphosphate (ATP) binding site of the receptor.

Il.  Softwares And Databases And Methodes
In the present study we have used Blind Docking method to predict the binding orientation of small
molecule drug candidates (Gefitinib- Erlotinib-Lapatinib) to their protein targets (HER2- EGFR) in order to
predict the affinity and activity of the small molecule when bound to each other to form a stable complex. For
this aim we used some software and database such as, AutoDock Vina, Protein Data Bank, Pub Chem, Drug
Bank and Discovery Studio visualize.

Receptor preparation:

In the first step we download the 3D crystal structures of HER1 and HER? as target or receptor in pdb format
from Protein Data Bank.

(PDB ID of HER1 is 3W2S and PDB ID of HER2 is 3PP0)
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The structure of HER2 The structure of HER1

Ligand preparation:

In second step, download the structure of Gefitinib from PubChem compound, with CID-123631, and
14 other compound structures with 98% structure similarity from PubChem Structure Search, also for
Lapatinib with CID- 208908, and 14 other compound structures with 97% structure similarity and for Erlotinib
with CID- 176870, and 14 other compound structures with 95% structure similarity.

Make Grid box and Configuration file:

In Vina we must be determine a grid center and grid dimensions for AutoDock calculation. The grids
increments of 1.00 Angstrom because to adjust the spacing to same range. By input the center of the grid we can
determine adjust the grid size. The grid dimensions can change between 1 to 40 Angstroms.

Make the configuration file to prepare to run vina tool. In config file we can save the information, such as the
grid box and the center of mass of target protein.

HER1 HER2

1 Receptor = 3W2S.pdbqt 3PP0.pdbqt

2 Ligand = CID-123631.pdbgt CID-123631.pdbgt (e.g.)
(e.9)

3 Center_x = 5.479 8.308

4 Center_y = 9.145 19.41

5 Center_z = 28.793 5.965

6 Size x = 60 60

7 Size_y= 60 40

8 Size_z= 60 40

Tablel: Configuration files of HER1 and HER?2

Run AutoDock:
To run AutoDock Vina, we have to go to the command prompt. In command prompt we write the address of our
file .

G Command Prompt = =

icrosoft Windows [Uersion 6.2_926801
Ccr» 2012 Microsoft Corporation. All rights reserved.

=xUsers~m>cd desktop~erlotinib2
he system cannot find the path specified.

ssUsersmicd desktop~ erlotinip?2
he system cannot find the path specified.

=xUsers~m>cd desktop
sUserssmaDezktopicd erlotinip2

slserssmsDesktopserlotinip2 >~ Program Files ({x86>“The Scripps Research Instituy
exUinasvina.exe" —config conf.txt —log logl.txt

Figure 1: The command prompt page of Run AutoDock
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= Command Prompt = =

Betting up the scovring function ... done.
Analyzing the binding site ... done.
sing random seed: 68344488

Performing search
> i8 28

3@ 4@ 5B 6@ 88 98 108
T — : :

Figure 2: Output of AutoDock Vina

Output of Docking:
We have done docking for each of the selected ligands to HER1 and HER2 (as targets).

Table 2: The result of Docking of Erlotinib and 14 similar compounds with HER1
Ligand 1D Best Low/High Energy H-bond

Energy residues

1 176870 -6.5 -6.5 -5.6 ARG 776

(Main compound) LYS 852

2 17813912 -6.4 64 , 59 ARG 776

GLN 791

LYS 846

LYS 852

21336464 -6.7 -6.7 -6.1 LYS 745

4 24825688 -6.8 -68 , 61 PRO 772
ARG 776
GLN 791
LYS 846
LYS 852
5 25124815 -6.7 6.7 , -59 ARG 776
GLN 791
LYS 846
LYS 852
6 25125154 -6.8 -68 , -59 PRO 772
GLN 791
LYS 846
LYS 852
7 25125155 -6.9 69 , -6.0 ARG 776
LYS 852
8 25125156 -7.0 70 , 58 LYS 852
9 25125157 -6.4 64 , 59 PRO 772
ARG 776
GLN 791
LYS 852
10 25125158 -6.7 6.7 , 59 ARG 836
LYS 875
11 25125159 -6.7 67 , -62 PRO 772
GLN 791
LYS 846
LYS 852
12 25125497 -6.7 -6.7 , -6.0 SER 768
ARG 776
GLN 791
LYS 852
13 25125498 -6.3 63 , 59 GLY 724
LYS 745
14 25125499 -6.6 66 , -62 ASP 837
VAL 876
LYS 879
15 25125500 -6.8 -68 , -62 PRO 772
ARG 776
GLN 791
LYS 846
LYS 852
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Table 3: The result of Docking of Erlotinib and 14 similar compounds with HER2

Ligand 1D Best Low/High Energy H-bond
Energy residues
1 176870 -5.7 57 , 49 PHE 731
(Main PRO 922
compound)
2 17813912 -6.2 -62 , 54 ARG 756
ASN 758
GLU 770
LYS 883
3 21336464 -6.0 -60 , 55 GLU 770
GLY 882
LYS 883
4 24825688 -6.5 -65 , 56
ARG 756
GLU 770
LYS 883
5 25124815 -6.3 -63 , 57 GLU 770
GLY 882
6 25125154 -6.4 -64 , 52 ARG 756
ASN 758
7 25125155 -6.1 -61 , 52 LYS 762
8 25125156 -6.6 -66 , 5.6 ARG 756
ASN 758
GLU 770
9 25125157 -6.1 -61 , 54 No
H-bond
10 25125158 -6.4 -64 , 53 ARG 756
GLU 770
11 25125159 -6.6 -66 , 55 ARG 756
GLU 770
12 25125497 -6.0 -60 , 54 PRO 761
13 25125498 -6.3 -63 , 52 ARG 756
GLU 770
14 25125499 -6.3 -63 , 54 ARG 756
GLU 770
LYS 883
15 25125500 -6.5 -65 , 55 GLU 770
GLY 882
LYS 883

Table 4: The result of Docking of Gefitinib and 14 similar compounds with HER1

Ligand ID Best Low/High Energy H-bond
Energy residues
1 123631 -6.8 -6.8 -6.0 ARG 776
(Main LYS 852
compound)
2 10159951 -6.3 -6.3 -5.6 No
H- bond
3 11604752 -7.5 -7.5 -6.4 ALA 722
LYS 754
ASP 837
ARG 841
LYS 875
VAL 876
4 11719266 -6.5 -6.5 5.7 LEU 718
GLY 724
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Table

ASP 855
5 44129654 -6.1 61 , -56 CYS 797
ASN 842
6 16091478 -7.2 72, 63 LYS 745
LYS 875
7 19077507 -6.8 68 , -54 ARG 776
GLN 791
LYS 852
8 44158623 -5.8 -70 , -6.1 LYS 745
9 44158624 -7.5 75, 64 VAL 774
LYS 852
LEU 1017
10 44158625 -6.7 6.7 , -63 ARGT776
LYS 852
11 44158626 -7.3 7.3, 6.2 ALA 767
ASP 770
LYS 852
LEU1017
12 44416407 -6.2 62 , 54 ARG 776
LYA 852
13 44416610 -7.4 74, 63 ARG 748
GLU 749
ALA 859
LEU 862
14 46243752 -6.4 64 , -53 ARG 776
LYS 852
15 46243753 -7.0 7.0 , -61 LYS 745
ASP 855
LYS 875
Table 5: The result of Docking of Gefitinib and 14 similar compounds with HER2
Ligand ID Best Low/High Energy H-bond
Energy residues
1 123631 -6.4 -64 , 53 GLN 795
(Main
compound)
2 10159951 -6.6 -66 , -53 No
H- bond
3 11604752 -6.2 62 , 52 GLU 757
THR 759
4 11719266 -6.2 62 , 55 No
H- bond
5 44129654 -6.9 69 , -56 ARG 756
GLU 757
6 16091478 -5.8 -58 , 52 No
H- bond
7 19077507 -7.0 7.0 , 57 No
H- bond
8 44158623 -5.8 58 , 53 ASN 764
9 44158624 -7.2 7.2 , 59 LEU 869
10 44158625 -6.7 6.7 , 57 ARG 756
GLU 757
11 44158626 -7.0 -70 , -56 LEU 869
12 44416407 -5.5 55 , 47 No
H- bond
13 44416610 -6.9 69 , -53 AEG 756
ASN 758
14 46243752 -7.0 -70 , -56 LEU869
15 46243753 -5.8 58 , 50 ARGT756
6: The result of Docking of Lapatinib and 12 similar compounds with HER1
Ligand ID Best Low/High Energy H-bond
Energy residues
1 208908 -8.1 81, -73 CYS 797
(Main ASP 800
compound) PRO 877
2 10438224 -8.8 -88 , -79 LYS 745
CYS 797
ASP 800 ASP
855
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LYS 875

24743759

PHE 723
GLY 724
CYS 797
ASP 800

44199879

GLY 719
ASP 855

44199880

LYS 745
CYS 797
ARG 841
ASP 855

44199881

LYS 745
ASP 855

44199992

LYS 745
GLY 796
CYS 797
ASP 800
ASP 855

44199993

-7.6

-7.6

ARG 841

44199994

-7.8

-7.8

, -1.3

ASP 855
ARG 841

10

44200111

-8.1

-8.1

PHE 723

11

44200112

-8.3

-8.3

, -1.6

LYS 745
ASP 800
ASP 855
PRO 877

12

44201169

No
H-bond

13

49849309

ASP 855

Table 7: The result of Docking of Lapatinib and 12 similar compounds with HER2

Ligand ID

Best
Energy

Low/High Energy

H-bond
residues

208908
(Main compound)

-84

-84

No
H-bond

10438224

-8.3

-8.3

LEU 814
ILE 821
ASP 896
ILE 965
SER 969

24743759

-1.7

-1.7

ILE 821
GLY 901
CYS 950

44199879

No
H-bond

44199880

No
H-bond

44199881

No
H-bond

44199992

ASP 896
ILE 965
SER 969

44199993

LEU 814
CYS 818
ILE 821

VAL 897
GLY 901
CYS 950

[{e]

44199994

No
H-bond

44200111

No
H-bond

R lork

44200112

ILE 814

ILE 821

ASP 896 CYS
950

44201169

No
H-bond

W RN e

49849309

No
H-bond

www.iosrjournals.org

43 | Page



Predicting Probable Ligands to Inhibit HER2-EGFR in Gastric Cancer

I11.  Conclusion

Based on the value of bonding energy, the best compound with high stability has minimum value of
energy.
In conclusion and according of our analysis, we can consider that:
1. For HER1 receptor and Erlotinib similarity compounds, the first ligand that we can choose is the
substance with CID- 25125154, because it has minimum energy between these 15 compounds and it also has
maximum H-bond ( 4 H- bonds) as the best.
The second best ligand is the substance with CID-25125156, because it has lowest energy.

Ligand 1D Best H-bond Picture HER1+Ligand
Energy residues
1 176870 -6.5 ARG 776 Figure Al
(Main LYS 852
compound)
2 25125154 -6.8 PRO 772 Figure F1
GLN 791
LYS 846
LYS 852
3 25125156 -7.0 LYS 852 Figure H1

Table 8: Choose the best ligand of Erlotinib compounds for HER1 receptor

HERI + Erlotinib H- bond + Erlotinib

Figure 1: Docking structures of Erlotinib compounds and HER1 receptor

2. For HER2 receptor and Erlotinib similarity compounds, the first ligand that we can select is the
substance with CID- 25125156, because it has lowest energy between these 15 compounds and it also has
maximum H-bond (3 H- bonds) as the best.

The second best ligand is the substance with CID-25125159, because it also has minimum value of energy and 2
H-bonds.

Ligand 1D Best H-bond Picture HER2+Ligand
Energy residues
176870 -6.4 GLN 795 Figure A2
(Main compound)
25125156 -6.6 ARG 756 Figure H2
ASN 758
GLU 770
25125159 -6.6 ARG 756 Figure K2
GLU 770

Table 9: Choose the best ligand of Erlotinib compounds for HER2 receptor
www.iosrjournals.org 44 | Page
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HER?2 + Erlotinib H- bond + Erlotinib
Al \? PrgR22
A / 'y

H2

Figure 2: Docking structures of Erlotinib compounds and HER2 receptor

3. For HERL1 receptor and Gefitinib similarity compounds, the first ligand that we can choose is the
substance with CID- 11604752, because it has minimum energy between these 15 compounds and it also has
maximum H-bond ( 6 H- bonds) as the best.

The second best ligand is the substance with CID-44158624, because it also has lowest energy and 3 H- bonds.

Ligand 1D Best H-bond Picture HER1+Ligand
Energy residues

123631 -6.8 ARG 776 Figure Al
(Main compound) LYS 852

11604752 -1.5 ALA 722 Figure C1
LYS 754
ASP 837
ARG 841
LYS 875
VAL 876
44158624 -7.5 VAL 774 Figure 11
LYS 852

LEU 1017

Table 10: Choose the best ligand of Gefitinib compounds for HER1 receptor
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HERI + Gefitinib H- bond + Gefitinib

i =
44158624 igo)

Figure 3: Docking structures of Gefitinib compounds and HER1 receptor

4. For HER?2 receptor and Gefitinib similarity compounds, the first ligand that we can select is the
substance with CID- 44158624, because it has lowest energy between these 15 compounds as the best.
Another best ligands are the substances with CID- 44158626 and CID- 46243752 , because they also have

minimum value of energy.

Ligand 1D Best H-bond Picture HER2+Ligand
Energy residues
123631 -6.4 GLN 795 Figure A2
(Main compound)
44158624 -7.2 LEU 869 Figure 12
44158626 -7.0 LEU 869 Figure K2
46243752 -7.0 LEUB69 Figure N2

Table 11: Choose the best ligand of Gefitinib compounds for HER2 receptor

HER?2? + Gefitinib H- bond + Gefitinib

jm795

:LL-L:EG’J

; Leu869

\2\%“*""& ﬁ

Figure 4: Docking structures of Gefitinib compounds and HER2 receptor
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5. For HER1 receptor and Lapatinib similarity compounds, the first ligand that we can choose is the
substance with CID-44199992, because it has minimum energy and maximum numbers of H- bonds (5 H-
bonds) between these 13 compounds, as the best.The second best ligand is the substance with CID- 10438224,
because it also has lowest energy and 5 H- bonds.

Ligand ID Best H-bond Picture HER1+Ligand
Energy residues

208908 -8.1 CYS 797 Figure Al
(Main compound) ASP 800
PRO 877
44199992 -8.9 LYS 745 Figure G1
GLY 796
CYS 797
ASP 800
ASP 855
10438224 -8.8 LYS 745 Figure B1
CYS 797
ASP 800 ASP
855

LYS 875

Table 12: Choose the best ligand of Lapatinib compounds for HER1 receptor

HERI + Lapatinib H- bond + Lapatinib

Figure 5: Docking structures of Lapatinib compounds and HER1 receptor

6. For HER2 receptor and Lapatinib similarity compounds, the first ligand that we can select is the
substance with CID- 44199993, as the best because it has lowest energy and highest number of H- bonds (6 H-
bonds) between these 13 compounds . Another best ligand is the substances with CID- 10438224, because it
also has minimum value of energy and 5 H-bonds.
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Ligand 1D Best H-bond Picture HER2+Ligand
Energy residues
208908 -8.4 No Figure A2
(Main compound) H-bond
44199993 -8.3 LEU 814 Figure H2
CYS 818
ILE 821

VAL 897
GLY 901
CYS 950
10438224 -8.3 LEU 814 Figure B2
ILE 821
ASP 896
ILE 965
SER 969

Table 13: Choose the best ligand of Lapatinib compounds for HER2 receptor

HER?2 + Lapatinib H- bond + Lapatinib

N
5' 10438224

Figure 6: Docking structures of Lapatinib compounds and HER2 receptor
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