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ABSTRACT

Histone deacetylases (HDACsS) are the target inhibition enzymes in cancer treatment via chemother-
apy. Application of this therapeutic technique requires the use of drugs whose side effects are re-
duced and tiny with necessary safety. In this study, the methods and tools of pharmacophore model-
ing were used to investigate ten molecules known for their anticancer properties. Particular attention
has been given to pinpoint a promising anti-cancer pharmacophore in order to lead new effective
inhibitors. Using Discovery Studio 2.5 software, the ten compounds were docked within the active
site of the HDAC7 enzyme. Analysis of the binding characteristics of all the compounds collected
and tested in the model resulted in the characteristics produced by the 3D pharmacophore of the se-
lected hypothesis. This led to note that the efficiency of any HDAC enzyme inhibitor was related to
the characteristics of the designed pharmacophore. At the end, the pharmacophore hypothesis used
here was presented as a useful basis for the development of anticancer compounds.
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1. INTRODUCTION

Histone deacetylases (HDACs) are known as a class
of enzymes that regulate the elimination of acetyl
groups from lysine residues of histones, thus playing
an important regulatory role in epigenetics [1].
HDAC:s have been identified as a major player in tu-
morigenesis. Inhibition of HDAC function induces
cell differentiation and suppresses cell proliferation,
although it proved to be an effective strategy in the
treatment of cancer [2]. Four classes of HDACs with
eighteen subtypes are known to date and their pres-
ence in many cancers was reported [2]. Among them,
HDACT7 has been particularly found in several types
of cancers. Indeed, the role of HDAC7 was highlight-
ed in cancers with a high level of HDAC7 protein
observed in nine different cancers taken in pancreas
of eleven humans [3]. Moreover, HDAC7 is over ex-
pressed in breast cancer stem cells and required to
maintain cells [4]. HDAC7 also has a dual conflicting
function in several types of cancer [5]. Recent reports
indicated an ambivalent role of HDAC7 in cancers:
for example, HDAC7 has an oncogenic function in
childhood with acute lymphoblastic leukemia and
pancreatic cancer [3] but at the same time, acts as a
tumor suppressor in acute lymphoblastic leukemia B
and Burkitt's lymphoma [6]. In addition, the high ex-
pression of HDAC7 was found to be related to a
prognosis in lung cancer [7]. Clinical studies showed
a correlation between HDAC7 inhibition and cancer
treatment as the inhibition effects of HDAC?7 lead to
the death of cancer cells [8]. However, like any medi-
cine, anticancer used substances often present trou-
blesome effects for patients [9]. Since then, many
drugs have been synthesized to target HDAC in order
to induce cancer cells destruction. Despite recent ad-
vances and findings, the development of HDAC in-
hibitors as anticancer drug is still in its infancy. The
main barrier remains the satisfactory balance between
physicochemical and pharmacological and selectivity
properties related to the candidate compounds. Com-
pounds which display a promising anticancer activity
with reduced side effects and necessary safety remain
to be discovered. Pharmacophore model represents
the 3D arrangements of the structural or chemical
characteristics of a drug that may be essential to inter-
act with enzyme to achieve an ideal binding. It should
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provide useful knowledge for the development of
new potentially active candidates targeting HDAC7
in the treatment of cancer. Based upon the potential
inhibitory properties of some compounds which were
found to be active against HDAC7 [10], this study
aims to design a 3D pharmacophore leading to devel-
op new anticancer compounds with improved inhibi-
tion activity.

2. MATERIALS AND METHODS

2.1 Selection of molecules and enzyme

The structure of the enzyme HDAC7 was download-
ed from the PDB database (code: 3c0z) and then was
purified according to the protocol available in the
Discovery Studio 2.5 program [11]. A series of ten
compounds recognized as HDAC7 inhibitors were
selected [10]. The inhibitory concentrations of these
compounds are given in Table 1. Eight (8) of them
were employed for the training set and the two others,
for the validation set.

Table 1. 2D-structures and biological activity values
of selected compounds
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The Discovery Studio 2.5 software was employed to
generate the molecular modeling. Discovery Studio
(DS) is a software suite for the simulation of small
molecules and macromolecules. It is used as protein-
modeling program in which the program tools allow
visualizing, modifying, and simulating protein struc-
tures automatically, and also in accurate manner. The
quality of DS offers enormous possibilities for the
pharmacophore model starting from the ligand and
crystallographic structures. The compounds are con-
structed and minimized by the CHARMM force field
using Discovery.

2.2 Modeling of the pharmacophore

The ligands used in the training set were evaluated
with the respect to their minimized conformations and
subjected to the generation of pharmacophore (PH4)
hypotheses. The characteristics of the pharmacophore
were retained according to the compounds structures
for generating pharmacophores based on the common
characteristics displayed by the studied molecules.
Discovery Studio is used to generate different models
of pharmacophores, which are thereafter submitted to
various validation criteria. Significant models are se-
lected and validated based on excellent agreement
between calculated and experimental binding con-
stants, high correlation coefficient (R?), the lowest
total cost and RMSD values [12]. The adequate align-
ment of the characteristic pharmacophores of respec-
tive ligands with those of the generated model is used
to identify the promising leader pharmacophore mod-
el. Two theoretical cost calculations are critical to the
success of the pharmacophore hypothesis. The "fixed
cost" (the ideal cost) corresponds to the simplest
model that fits perfectly to all the data, and the "null
cost" (the cost without correlation) represents the
pharmacophore cost without features. The difference
between fixed cost and null cost constitutes a criteri-
on too for the best model [13] [14]. The final model
will be validated by a set of tested molecules. RMSD
reflects the quality of the correlation between esti-
mate and actual activity data. The generated pharma-
cophore model should be able to accurately describe
activity of the molecules and identify the active com-
pound from the database.
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3. RESULTS AND DISCUSSION

Among other important criteria in the field of drug
design for chemists, the pharmacophore could be de-
fined as the fundamental element. In this work, the
pharmacophores hypotheses were elaborated follow-
ing the docking QSAR model based on the Gibbs free
energies of enzyme-ligand binding. Ten pharmaco-
phore models with significant statistical parameters
were generated. Table 2 presents all the hypotheses
generated using Discovery Studio software.

Table 2: Statistical parameters for pharmacophores
models of HDAC?7 inhibitors

Hypothesis RMSD R? "l;gt;l Cost difference
HYPO 1 1.1851 0.9850 | 34.1883 165.98
HYPO 2 15197 09749 | 36.6311 163.53
HYPO 3 15080 09753 | 36.6973 163.47
HYPO 4 15734 09730 | 37.2936 162.87
HYPO 5 1.6303 09710 | 38.1223 162.04
HYPO 6 1.6569 09700 | 38.1643 162.00
HYPO 7 1.6226 09713 | 38.4670 161.70
HYPO 8 1.6343 09709 | 39.8472 160.32
HYPO 9 1.6842 0.9693 | 40.1142 160.05
HYPO10 | 1.6554 09702 | 40.2080 159.96
Fixedcost |  0.0000 1.0000 | 27.1584 173.01
HypoNull | 68192 00000 | 20%163 0.00

Fixed cost = 27.1584; Null cost = 200.1650; * Cost
difference = null cost - total cost

Analysis of the values in Table 2 reveals interesting
statistical characteristics for the ten generated phar-
macophores hypotheses. Overall, the difference be-
tween the RMSD values of the hypotheses generated
and that of the null hypothesis extends from 4.1350
(with HYPO 9) to 4.2341 (with HYPO 1) when that
between these hypotheses and the fixed extends from
1.1851 (with HYPO 1) to 1.6892 (with HYPO 19).
These pharmacophores models therefore lead to bind
strongly to the active sites of HDAC7 enzyme as cor-
roborated by the correlation coefficients which are all
close to unity. Furthermore, the cost differences, all
greater than 60 and the total costs, all less than 60
indicate a good binding establishment of the different
molecule’s pharmacophores in the active sites of the
enzyme. Consequently, the pharmacophores models
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defined according to the hypotheses constitute basic
criteria that can be used for developing HDAC7 in-
hibitor compounds. However, the pharmacophore
model which achieves optimal ligand-protein interac-
tion is that for which the candidate inhibitor com-
pounds best satisfy the steric and electrostatic charac-
teristics required for a high probability of biological
activity. Therefore, a screening was performed by
superimposing the pharmacophores of the different
ligands on the pharmacophores of each hypothesis
generated in order to identify the hypothesis which
achieves the best model of pharmacophores based on
these ligands. On all the pharmacophores of the lig-
ands explored in this work and the hypotheses of
pharmacophores generated, the good superposition of
ligand structures was observed with pharmacophores
model HYPO 2. The main characteristics of HYPO 2 Figure 1. Main characteristics of the pharmacophore
generated by Discovery Studio 2.5 based on the se- model HYPO 2.

lected data are shown in Figure 1.

Four main characteristics are identified for the pharmacophore model HYPO 2. These are the characteristics of
hydrogen bond donor (HBD) in purple, of hydrogen bond acceptor (HBA) in green, aromatic rings (Ar) in or-
ange and hydrophobicity (Hy) in blue. These characteristics are proved to be essential in the achievement of a
better inhibition of enzyme HDAC7. The geometry parameters which define the spatial constraint arrange-
ments of the main parts of the pharmacophore model HYPO 2 are shown in Figure 2 where (a) presents the
distance constraints and (b) the angle constraints.

Figure 2: Geometry constraints in model HYPO 2: (a) distance (in A); (b) angles (in ).

The pharmacophore parts related to hydrogen bond are separated to 3.814 A when the parts requiring the
presence of aromatic rings and hydrophobic groups are distant by 4.577 A. The greatest distance (11.724 A)
is that which diametrically separates the parts of hydrogen bond acceptor and aromatic rings. The distance,
on the other hand, which diametrically separates the point HBD from the point Hy is short (7.507 A). Con-
cerning the angles constraints, it is noticeable the characteristics points HBD, HBA and Ar practically de-
scribe a perpendicular plane (89.3373°). The geometry constraints in the HYPO 2 model reveal an arrange-
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ment that not only minimize the effects of polar and
electrostatic interactions but also the likely competi-
tions that could occur during interactions. For ex-
ample, the distance between the points HBD and Ar
precludes any competition for binding to a hydro-
gen bond acceptor. Indeed, aromatic rings are sus-
ceptible to hydrogen bonding. The results of the
superposition of the ligands pharmacophores with
those generated by the model HYPO 2 are given in
Table 3. The used code “+” reflects the correct pair-
ing of characteristic pharmacophores of ligand with
those of model HYPO 2.

Table 3: Results of superimpositions of the phar-
macophores of the ligands and of the model HYPO
2

No. Hy DLH ALH Ar
1.25 + + + +
217 + + + +
328 + + + +
4 31 + + + +
527 + + + +
6 15 + + + +
7 30 + + + +
8_SAHA + + + +
9 23 + + + +
10_19 + + + +

Overall, the characteristic pharmacophores of the
respective compounds well identify with those of
the model. The pharmacophores of the studied lig-
ands correspond well to the characteristic pharma-
cophores required to achieve a good ligand-protein
interaction from the model HYPO 2. Observation of
the superimposed structures, using Discovery Stu-
dio, made it possible to identify the ligand whose
characteristic spheres of pharmacophores well cor-
related with those of the model HYPO 2. The best
superposition was observed with the ligand 1 25
which, moreover, proved to be the most active com-
pound of the series. Figure 3 shows the arrange-
ments of pharmacophores in the ligand 1 25 ac-
cording to the characteristics of hypothesis 2.
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Figure 3: Characteristic arrangement of pharmaco-
phores in the ligand 1 _25.

The arrangement of the pharmacophore characteris-
tic spheres along ligand 1 25 molecular structure
well corresponds to the molecule environment and
to the expected properties related to the main hy-
potheses of the model HYPO 2. Aromatic charac-
teristics are located around the benzene ring while
hydrogen bond characteristics (HBD and HBA) in-
volved the hydroxamic acids (-CONHOH) function.
Nitrogen and oxygen atoms are of course likely to
hydrogen bonding. The hydrophobic part is located
on pyrazole ring. On the other hand, the pharmaco-
phore model was used to estimate the biological
activities of the ligands and the results were corre-
lated with the experimental activities as shown in
Figure 4. Two compounds were used for external
validation and the values are reported in Table 5.
This table presents the experimental (exp) inhibito-
ry potentials and those estimated (est.) by the phar-
macophore. The biological activity was expressed
by the potential of inhibition concentration calculat-
ed following the relation:

PIC:? = —log,,(IC50)
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Figure 4: Correlation curve between experimental
and estimated potentials

Table 5: Estimated and experimental values of the
external validation set

pcs? | picgs | pies? picsy
923 6.018 6.017 1.000
10 19 6.202 6.201 1.000

The analysis of the training set showed a 95.04%
similarity between the experimental values and esti-
mated values by the pharmacophore model. About
the external validation set, we also observe a quasi-
similarity between the experimental and estimated
inhibitory potentials using the model of pharmaco-
phore. The estimated biological activities from the
model are close to those of the training set. The gen-
erated pharmacophore model of this work would be
useful for the new HDAC?7 inhibitors development to
fight against cancer cell proliferation.

4 CONCLUSION

In this study, a pharmacophore model was designed
using anticancer compounds. The work showed how
the chemical characteristics of a set of compounds
made it possible to generate hypotheses of pharmaco-
phores from their biological activities. The best phar-
macophore model did not only predict the com-
pounds activities of the training set, but also com-
pounds of the validation set. Compounds with differ-
ent inhibitory activities were used to develop the
pharmacophore model with high predictive power
(95.04%) for the biological activity of HDAC7 in-
hibitors. Four distinct chemical characteristics were
found and could be responsible HDAC7 inhibitors
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activity. These characteristics are hydrogen bond ac-
ceptor, hydrogen bond donor, aromatic ring and the
hydrophobic character of the ligands. They have been
classified as the essential characteristics for future
drug candidates. The generated model was applied
and then validated for two of the compounds. Both
have an activity estimated such as the starting mole-
cules and could therefore be used for further studies.
Future drug candidates should therefore respect the
characteristics generated by Hypothesis 2 in order to
effectively target and inhibit HDAC?7 in cancer cells.
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