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Computer-aided drug design plays an important role in modern day drug discovery, because it provides a
more specific range for active compound chemical synthesis in detriment of the traditional ways of drug
discovery. Relevant studies proved that the epidermal growth factor receptor (EGFR) and vascular endothelial
growth factor receptor (VEGFR) are important targets for inhibition, in finding new molecules with potential
anticancer activity. The aim of the present study was to create a compound library and submit this set of
molecules to a docking-based virtual screening process. Molecular docking was carried out using OEDocking
HYBRYD, a software with an improved scoring algorithm, which uses a ligand-based scoring function. The
obtained results revealed some molecular structures that showed good predicted binding affinity towards
their respective protein targets.
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Cancer represents a significant and challenging health
issue all over the world, which requires intense scientific
efforts in order to clarify the various mechanisms involved
in the pathological development and also to provide new
alternative therapies [1-4].

Angiogenesis represents an important process in the
development of tumors by means of new blood vessel
formation in the involved tissue. One key signaling cascade
that regulates this process is the vascular endothelial
growth factor (VEGF) pathway [5]. In colorectal cancer,
VEGF-á is the predominant proangiogenic factor [6] that
regulates angiogenesis and tumor cell growth by binding
to one of the three tyrosine-kinase receptors, also known
as the vascular endothelial growth factor receptors
(VEGFR), namely VEGFR-2 [7]. VEGF can be stimulated by
the activation of the epidermal growth factor receptor
(EGFR) pathway. EGFR is part of a transmembrane receptor
family, frequently overexpressed in different cancer cells.
The EGFR downstream signaling pathway regulates
important processes correlated with cancer pathology such
as, cell differentiation, growth, migration and apoptosis.

The inhibition of the two signaling pathways mentioned
above, represents a relevant strategy for finding novel
molecules with anticancer effects. This fact is sustained
by a significant number of currently existent anticancer
agents approved for certain types of cancer treatment, that
are EGFR and VEGFR inhibitors. In recent years, structure-
based drug design (SBDD) and virtual screening, played
an important role in aiding the discovery of EGFR and VEGFR
inhibitors, by identifying inhibitor molecules for the two
receptors, with notable inhibitory activities, as shown by
some studies [8-13].

The aim of the current study is to predict compounds
with potent anticancer activity, by means of docking-based
virtual screening against two active key proteins in the
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EGFR and VEGFR pathways (VEGFR-2 and EGFR-1),
[14,15] using a contrived library of molecules.

Experimental part
Materials and methods
Compound library building

For the aim of this study, we have created a compound
library containing 3-mercapto-1,2,4-triazole derivatives by
introducing different substituents on the 1,2,4-triazole ring,
in the fourth and fifth position (R1, R2) and on the thiol
group from the third position. The general structure of these
molecules is depicted in Figure 1. The library was directed
towards triazole derivatives because we possess a reagent
portfolio necessary to obtain a relatively high variety of
triazole derivatives. Molecules containing the 1,2,4-triazol
scaffold, are known to exhibit multiple biological activities,
including anticancer activity, as shown by a search carried
out on the WOMBAT database [16]. Furthermore, recent
studies have reported anticancer activity of synthesized 3-
mercapto-1,2,4-triazole derivatives, on different cancer
cell lines [17-19].

Fig. 1. General structure of the
molecules comprising the

compound library

Compound library refinement
The compound library (469 molecules) was prepared

using OMEGA 2.5.1.4 (OpenEye Scientific Software, Inc.).
[20] The library was filtered using OMEGA’s BlockBuster
filter, applying the default input parameters. After this
filtering, for each of the 315 remaining molecules a
conformer generation was done (optical and geometric
isomers of the same molecule were treated as distinct
compounds), resulting in 200 conformers per each
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structure. The library created in this way was subjected to
molecular docking experiments.

Docking
Molecular docking was carried out using OEDocking

HYBRYD. [21] Unlike its predecessor (FRED), HYBRYD, has
an improved scoring algorithm, which uses a ligand-based
scoring function. In addition, HYBRYD allows the selection
of multiple protein targets that can be used in the docking
process.

Three-dimensional crystallographic structures of the
target proteins selected for this study, VEGFR-2 and EGFR-
1, were obtained from the RCSB ProteinDataBank. [22] For
molecular docking, the data base was screened against
multiple 3D structures of the same protein, allowed by the
docking software. Three-dimensional structures were
selected, prior to the docking process, taking into account:
i) protein structures with a co-crystallized ligand, as required
by the docking program; ii) protein structures that do not
exhibit structural mutations; iii) protein structures that have
a Cruickshank DPI (diffraction precision index) [23] under
0.5. Finally the following 3D structures were used for each
protein in the docking process EGFR-1: 1M17, 2J5E, 2RGP,
3BEL, 3POZ, 3W2S, 3W32, 3W33, 4G5P, 4JQ8, 4JRV, 4LI5,
4RJ4, 4JRJ5, 4RJ6, 4RJ7, 4RJ8, 4WKQ; VEGFR-2: 1Y6A,
1Y6B, 1YWN, 2OH4, 2P2H, 2QU5, 2RL5, 2XIR, 3C7Q, 3CJG,
3CJF, 3EWH, 3U6J, 3VHE, 3VHK, 3VID, 3VNT, 3VO3, 4AG8,
4AGC, 4AGD, 4ASD, 4ASE. The 3D structures were prepared
as receptors suitable for docking, using OEDocking’s
MakeReceptor, a program with a guided user interface.
[20] The co-crystallized ligand was saved as part of the
receptor file, as it is required by the docking software.

The library was docked in both sets of 3D protein
structures, corresponding to VEGFR-2 and EGFR-1. The
docking program scores only one (the best) conformational
pose per structure for each target in which it was docked,
after which the respective conformer is removed from the
docking list.

Results and discussions
After the molecular docking process, the compounds

were scored using HYBRID’s, ligand based scoring function
(Chemgauss 4). [20] In analyzing the result from both sets

of 3D structures used as targets, one structure was
selected, namely that with the highest number of docked
molecules. The two proteins were: for VEGFR-2, 3VHK and
for EGFR-1, 4RJ8. Because the docking program has a
ligand-based scoring function, choosing the structure with
the highest number of docked compounds, results that the
respective conformation of that protein is the most
adequate for later receptor-target binding analysis.

After this selection, for the protein structure in each case,
the first 50 ranked compounds (using the Chemgauss 4
score) were scored, using a method conceived by us. The
method comprises a similarity evaluation between the
docked molecules and the protein’s co-crystallized ligand,
regarding the number and type of interactions formed in
the target’s binding site. Briefly: (a) for each protein target
and its respective co-crystallized ligand, all interactions
formed in the active binding site, were mapped according
to the OCA browser-database for protein structure/function
[24], (b) afterwards for each of the 50 compounds docked,
every interaction formed within the binding site was scored
depending on type and similarity between the docked
molecules and the co-crystallized ligand. Scores assigned
for each interaction present in the binding site between a
docked compound and the target protein, are shown in
table 1. For each target, the 50 compounds mentioned
above were ranked again according to the sum of scores.

The top compounds docked for the two targets, were
once more visually analyzed regarding the positioning in
the respective protein binding site and the overall
conformational matching with the co-crystallized ligand.

In the case of VEGFR-2, a compound coded tz3a.7 (fig.
2) proved to be very promising. The compound binds well
in the protein active site back pocket, as shown in figure
3A, exhibiting key binding features such as, two hydrogen
bonds (HB) with ASP1046 and two hydrophobic
interactions between the compound’s triazole ring and
residues VAL898 and LEU1019, in the hydrophobic region
of the back pocket. This type of binding could mean that
compound tz3a.7 would prove to be a like a kinase back
pocket inhibitor as defined in the study of Iwata et al. [25]
In the Iwata model the kinase inhibitors interact with a
hydrophobic back pocket, leaving unoccupied the hinge

Table 1
THE SCORING METHOD IN COMPARISON WITH THE BOUNDED LIGAND USED FOR THE DOCKED MOLECULES, WHICH TAKE INTO

ACCOUNT THE MOLECULAR INTERACTIONS FORMED IN THE PROTEIN BINDING SITE

            X -present; - absent
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region of the active site, where the ATP molecule would
bind. Furthermore tz3a.7 also interacts with the hinge region
of the binding site by forming multiple hydrophobic
interactions through a phenyl ring. The compound also
showed good overall co-planarity with the co-crystallized
ligand of the protein structure used as target (fig. 2B).

The same structure yielded a good score in the docking
process carried out with EGFR-1. Figure 4 depicts the
compound tz3a.7 bound in the active site of the EGFR-1
protein (PDB ID: 4RJ8) and the interactions formed within
the binding site. The compound forms HBs with key amino
acids, present also in other cases of EGFR-1 inhibition, [9]
such as THR854, ASP855, GLN791 and an important HB
with MET793 (fig. 4A), interaction present in the case of

the EGFR inhibitor erlotinib [26]. The molecule is also well
stabilized by hydrophobic interactions formed with LEU718,
VAL726, LEU792 and ASP844 (fig. 4B).

Another compound coded tz9.6 (fig. 2) develops good
binding towards EGFR-1. This molecule also forms the
important HBs mentioned above, with THR854, ASP855,
GLN791 and MET793 (fig. 5A) and a significant number of
hydrophobic interactions with amino acids: LEU718,
VAL726, ALA743, LYS745, MET793, LEU844 (fig.5B).

Compound tz9.6 received the highest score after our
proposed method and shows good overlay with the co-
crystallized ligand of the 3D structure of the EGFR-1 protein
(4RJ8) as shown in figure 6.

Fig. 2. Chemical structures of compounds tz3a.7 and tz9.6

Fig. 3. (A) Binding interactions
formed between compound
tz3a.7 and the binding site of
VEGFR-2 (PDB ID: 3VHK), HB
are depicted in green dotted

lines and hydrophobic
interactions in purple. (B)

overlay of compound tz3a.7
(red) and the co-crystallized

ligand (green); only the
interacting amino acids are

labeled

Fig. 4. (A) HB formed
(green dotted lines)
between compound

tz3a.7 and the binding
site of EGFR-1 (PDB ID:

4RJ8); (B) HB (green
dotted lines) and

hydrophobic (purple
dotted lines)

interactions formed
between compound

tz3a.7 and the binding
site of EGFR-1 (PDB ID:

4RJ8); only the
interacting amino acids

are labeled

Fig. 6. Superimposition
of compound tz9.6

(green) with the co-
crystallized ligand of

4RJ8 (red)

Fig.  5. (A) HB formed
(green dotted lines)

between compound tz9.6
and the binding site of
EGFR-1 (PDB ID: 4RJ8);
(B) HB (green dotted

lines) and hydrophobic
(purple dotted lines)
interactions formed

between compound tz9.6
and the binding site of
EGFR-1 (PDB ID: 4RJ8);

only the interacting
amino acids are labeled

Conclusions
A compound library containing 3-mercapto-1,2,4-

triazole derivatives, was created for the purpose of
predicting molecules with potential anticancer effects
active in colorectal cancer, by means of docking-based
virtual screening. After screening the library against two
protein targets (VEGFR-2 and EGFR-1) and refining the
search, we obtained two molecules, tz3a.7 and tz9.6 that
showed good binding affinity. As resulted from our study
compound tz3a.7 probably will be able to inhibit both protein
targets, and would be a very useful dual VEGFR/EGFR
inhibitor.

The synthesis and validation of the predicted activity for
the two molecules constitute the subject of a forthcoming
paper.
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