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present work may help in providing guidance for further lead optimization and designing of

potent anticancer agents.
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INTRODUCTION

The conventional chemotherapeutic agents are responsible for severe toxicities thanks to the
cytotoxic events resulting from the disruption of various aspects of DNA synthesis and repair
or as a consequence of the disturbance of mitosis. The increased understanding of

transmembrane signaling by growth factor receptor kinases (RTKSs) has paved a way towards
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the development of novel targeted therapy specific to cancer cells. The inhibition of proteins
expressed by the ErbB gene family is proving to be the promising target for cancer therapy in
modern days since the aberrant expression of these receptors may result in many types of
solid tumorstYl. The epidermal growth factor receptor (EGFR) and human epidermal growth
factor receptor (HER-2) are two such receptor tyrosine kinases, which belong to ErbB family
and their over-expression has been proven to play key roles in cell proliferation and
differentiation!®). The over-expression, mutations or autocrine expression of ligand may result
in hyperactivation of EGFR. Inhibition of EGFR activity may be effected by two mechanisms
(i) by blocking binding of native EGF ligand to the receptor e.g. by monoclonal antibodies
such as Cetuximab and Panitumumab and (ii) tailoring small molecules that compete with
ATP in the intracellular tyrosine kinase domain (TKD) and block the receptor activity
regardless of endogenous ligand binding, e.g. Geftinib, Erlotinib and Lapatinib®™*!. However,
these drugs may be very effective but at the same time they may not be considered to be the
“boon” against cancer because of the reported mutations in EGFR rendering it resistant to
Geftinib and Erlotinib®!,

The Quantitative Structure Activity Relationship (QSAR) technique belongs to the paradigm
of rational drug design. Also known as indirect drug design or ligand based drug design; this
technique establishes a statistical relationship between the properties of amolecule
(physicochemical, structural and conformational)and the biological response; Thus providing
an understanding of the driving forces for the drug’s action and helping to predict the
biological activities of newly designed analogues and hence, contributing to the drug
discovery processest® ). Based on the types of descriptors (physicochemical, structural and
conformational properties) involved, QSAR may be one dimensional (1D), 2D, 3D, 4D, 5D
and 6D. Out of these, the most popular are 2D and 3D QSAR methodologies. Whereas the
2D QSAR involves the descriptors correlating activity with structural patterns like
connectivity indices, 2D- pharmacophores etc., without taking into account the 3D-
representation of these properties; the 3D QSAR involves descriptors correlating activity with

non-covalent interaction fields surrounding the moleculest®.

In view of the biological activities of heterocyclic compounds, the thiazolidinones and their

sl sych as antibacterial*,

derivatives have a variety of biological activitie
antitubercular™, antiinflammatory™ antihistaminic™, antiviral™ etc. Thiazolidinones

have also been reported to possess anticancer activity™® ). Recently, thiazolidinones were
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reported to possess potential EGFR and HER-2 kinase inhibitory activities!*®l. Thus, the
literature offers the indication of possible candidature of different substituted thiazolidinones
derivatives against EGFR and the present work is an attempt to investigate the 3D QSAR on
a series of thiazolidinones in order to find the structural features that may prove to be useful

in development of superior EGFR inhibitors.

MATERIALS AND METHODS

3D QSAR studies using k nearest neighbor molecular field analysis (kNN-MFA) approach
were performed using the Molecular Design Suite (VLife MDS software package, version
3.5; from VLife Sciences, Pune, India)™™®, user interface implemented on HCI computer with

a Intel (R) dual core processor and Windows XP operating system.

Data set for analysis

The data set used for this study contains 19 thiazolidinone derivatives as reported by Cheng
et all®®(Table 1) in which the EGFR inhibitory activities of molecules were calculated as
concentration required to inhibit 50% (ICsp) of EGFR using solid phase ELISA assay. The

ICso values were converted to the negative logarithmic scale [pICso (moles)].

Molecular modeling for 3D QSAR

The structures of all the 19 molecules were built using the 2D draw application of VLife
Molecular Design Suite 3.5 software and were converted to 3D structures for further analysis.
All the compounds were batch optimized for the minimization of energies and geometry
optimization using Universal Force Field (UFF) followed by considering distance-dependent
dielectric constant of 1.0, convergence criterion or root-mean-square (RMS) gradient at
0.01kcal/mole and the iteration limit to 10,000.For electrostatic and steric energies, cutoffs

were set to default values of 30.0 and 10.0 Kcal/mole respectively.

Table 1: Series of thiazolidinones with their pIC50 values
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EGFR Kkinase
S. No. Comp. No. R; R, R3 R4 IC50 DIC50
1 3 H H F H 2.18 5.66
2 4 H H Cl H 1.94 5.71
3 5 H H Br H 1.72 5.76
4 6 H H CH3 H 3.26 5.49
5 7 H H OCH3 H 5.78 5.24
6 8 H H NO2 H 6.82 5.17
7 9 H H OH H 471 5.33
8 10 OH H H F 0.97 6.01
9 11 OH H H Cl 0.56 6.25
10 12 OH H H Br 0.09 7.05
11 13 OH Cl H Cl 1.46 5.84
12 14 OH Br H Br 1.24 5.91
13 15 H F H H 13.53 4.87
14 16 H Cl H H 10.78 4,97
15 17 H Br H H 7.46 5.13
16 18 H CH3 H H 23.49 4.63
17 19 H OCH3 H H 31.25 451
18 20 H NO2 H H 26.61 4,57
19 21 H OH H H 19.32 471

Alignment of molecules

Molecular alignment is a crucial step in 3D-QSAR study in order to obtain significant results.
In this study, the molecules of the data set were aligned by template-based method, where a
template structure is defined and used as a basis for alignment of a set of molecules, and a
reference molecule is chosen on which the other molecules of the data set get aligned
considering the chosen template. After defining the template, the most active compound in
the series i.e. compound 12 was chosen as the reference molecule and all the other molecules
were aligned over it using the template based alignment (Fig 1).

Fig. 1 Template based alignment of all the molecules of data set
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Descriptor Selection

After the alignment of molecules, the molecular field was computed on a grid of points in
space around the molecule. This field provides a description of how each molecule will tend
to bind in the active site. Descriptors representing the steric and electrostatic interaction

energies were computed at the lattice points of the grid using a methyl probe of charge +1.

Division of data in training and test set

The validation of QSAR models is an essential criterion so as to prove their statistical
significance. The QSAR models can be subjected to internal validation and external
validation. The internal validation can be performed using leave one out cross validation
procedure. The result of this procedure is obtained in the form of the cross validated R* (q°)
which can serve as the basis for acceptance or rejection of the model(s) (the model is
accepted if g°>0.5 and vice versa). But since in this procedure, no external data set is
involved, it cannot be agreed upon as the absolute criterion for either accepting or rejecting a
model. Therefore, for the purpose of external validation, the data set should be divided into
training and test sets. The training set is used to develop the model and the test set is used for
the validation of the model. For the purpose of this study, the data set was divided into
training and test sets by random selection method. In this method, the user can define the
percentage of compounds he wants in the training set. The software randomly places the
compounds in the training set and rest of the compounds are automatically set out in the test
set. The training set comprised of 80% of the compounds and rest 20% of the compounds

belonged to the test set.

Feature selection and model development

The 3D QSAR models were generated using k Nearest Neighbor Molecular Field Analysis
(KNN-MFA) module with stepwise variable selection (SW) as variable selection method. The
parameter settings used for SW-KNN MFA are cross correlation limit as 0.5, maximum
number of variables in final equation as n/5 (n is the number of compounds in training set),
term selection criteria as g2, Ftest in as 4 and Ftest out as 3.99, variance cut-off as 0 and
Scaling as Auto Scaling, number of maximum neighbors as 5, number of minimum neighbors

as 2 and distance based weighted average as prediction method.
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RESULTS AND DISCUSSION

A series of 19 thiazolidinone derivatives having EGFR inhibitory activity was selected for 3D
QSAR studies. This was achieved by dividing the compounds in training and test sets (80%
of compounds in training set and rest 20% in test set).VVarious models were constructed from
the different combinations of training sets and test sets with random selection method which
resulted in different models among which some were statistically significant (g2 > 0.5, predr2
> 0.5) (Table 2). The models having optimum values of g2 and predr2 are reported here. For
the development of these models, the training and test sets were selected in such a way that
they follow the Unicolumn statistics, i.e. the maximum value of pIC50 test set is less than
maximum value of pIC50 of training set and the minimum value of pIC50 of test set is higher
than the value of pIC50 of the training set. Unicolumn statistics for the most optimum models
in terms of g2 and predr2 are presented in Table 3. These models are described in Table 4.

Table 2: Results of 3D-QSAR analysis using KNN (k nearest neighbor) method by using
Random data selection (80%o training set)

. SW-KNN MFA
Trial Test Set q2 g2 se Predr2 pred r2se
1 17, 20,5, 9 0.7307 0.3611 -0.7988 0.7840
2 16,17,21,9 0.6944 0.3858 -0.4993 0.7460
3 16, 17,21,9 0.6944 0.3858 -0.4993 0.7460
4 15,17,19,9 0.7674 0.3244 -1.8379 1.2614
5 17,18,5,9 0.7491 0.3512 -0.9815 0.7764
6 15,16,17,9 0.7061 0.3847 0.3480 0.4288
7 16,20,7,9 0.6820 0.3886 0.8418 0.2612
8 16,18, 21,9 0.6488 0.3935 0.4865 0.5717
9 18, 4,8,9 0.8128 0.3045 0.7122 0.2875
10 14, 17,5, 9 0.8437 0.2849 0.4045 0.3125
11 21,6,8,9 0.7380 0.3651 0.2267 0.4239
12 10, 15,7, 9 0.7180 0.3769 0.4004 0.3722
13 15, 20, 6, 9 0.7104 0.3695 -4.5438 1.5514
14 4,6,8,9 0.7621 0.3589 -2.2910 0.4199
15 13,14,21,9 0.7857 0.3229 0.0335 0.5486
16 10, 11,6, 9 0.6638 0.3960 0.6361 0.4102
17 15,21,8,9 0.8032 0.3075 0.7843 0.2960
18 15,4,6,9 0.7933 0.3292 0.7700 0.1760
19 17,3,5,9 0.8287 0.3023 -0.4745 0.3694
20 17,20,4,9 0.6951 0.3850 -1.6981 0.9511
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Table 3: Unicolumn statistics for the described models

Model No. | Data Set | Average | Max | Min | Std Dev | Sum
. Training 5.52 7.05 | 451 | 0.693334 | 82.73
L(Tnal17) g 502 | 533 | 471 | 0.281188 | 20.08
. Training 5.43 7.05 | 451 | 0.724228 | 81.41
2(Trial 18) 7oy 502 | 5.33 | 4.87 | 0.355903 | 20.08
Table 4: Optimum models generated using KNN MFA method
Parameters Model-1 Model-2
Training Set Size (n) 15 15
Test set size 4 4
K nearest neighbor 2 2
Degree of freedom 12 12
q2 0.8032 0.7933
q2_se 0.3075 0.3292
Pred_r2 0.7843 0.7700
Pred _r2se 0.2960 0.1760
Descriptor range S 374 -0.4341 -0.4185 S 374 -0.4237 -0.4185
S 209 -0.4723 -0.4669 E 555 0.0949 0.1431

Interpretation of 3D QSAR models

The careful analysis of comparison of biological activities (pIC50) and predicted activities for

training set and test set molecules in the most significant models indicate very less significant

differences (lower values of residuals as shown in Table 5.

Table 5: Observed, predicted and residual values of the best models

S c q A | Model 1 Model 2
N ('J_ omNps un V;}EZS Predicted Residual Predicted Residual
Value Values Value Values
1 3 5.66 5.83 -0.17 5.50 0.16
2 4 5.71 5.75 -0.04 5.50* 0.21*
3 5 5.76 5.58 0.19 5.45 0.31
4 6 5.49 5.45 0.04 5.45* 0.04*
5 7 5.24 5.31 -0.07 5.71 -0.47
6 8 5.17 5.58* -0.41* 5.50 -0.33
7 9 5.33 5.58* -0.25* 5.46* -0.13*
8 10 6.01 5.81 0.20 6.09 -0.08
9 11 6.25 6.48 -0.23 6.48 -0.23
10 12 7.05 6.08 0.97 6.13 0.92
11 13 5.84 5.69 0.15 6.08 -0.24
12 14 5.91 5.71 0.20 6.04 -0.13
13 15 4.87 5.05* -0.18* 5.05* -0.18*
14 16 4.97 5.31 -0.34 4.92 0.05
15 17 5.13 5.23 -0.10 5.07 0.06
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16 18 4.63 4.77 -0.14 4.84 -0.21
17 19 451 4.60 -0.09 4.67 -0.16
18 20 4.57 4.57 0.00 4.57 0.00
19 21 4.71 4.79* -0.08* 4.80 -0.09

*Test set compounds

Model 1 (Trial 17)

k Nearest Neighbor= 2, Nirining = 15 , Nest = 4, Degree of freedom = 12, g2 = 0.8032, q2_se =
0.3075, Predr2 = 0.7843, pred_r2se = 0.2960

In this model, the lattice points at S 374 and S_209 (green points) are having a range of -
0.434085 to -0.418465 and -0.472346 to -0.466916 respectively. These indicate that the steric
contribution i.e. the steric bulk of the substituents is important for structure activity
relationships. The negative contribution of these steric field points indicates that the
substitutions at these points should be done with less bulky groups as the more bulky groups
may interfere with attainment of proper orientation in the receptor binding site (Fig. 2). The
data fitness plot and a comparison between actual and predicted activities of all the

compounds is shown in Fig. 4.

Fig. 2: Contribution 3D plot for Model 1 (SW-kNN MFA)
Model 2 (Trial 18)
k Nearest Neighbor= 2, Niraining = 15 , Nest = 4, Degree of freedom =12, g2 = 0.7933, 92_se =
0.3292, Predr2 = 0.7700, pred_r2se = 0.1760

The lattice points in this model are S_374 and E_555 showing the effects of steric and
electrostatic fields at lattice points 374 and 555 respectively. The range of S_374 is -0.4237
to -0.4185 and E_555 is 0.0949 to 0.1431. Again, the negative value of steric field point
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range indicates the need of less bulky substituents for favorable biological activity. The
positive contribution of electrostatic field point suggests the requirement of a positive
ionizable group at this position (Fig. 3). The data fitness plot and a comparison between

actual and predicted activities of all the compounds is shown in Fig. 5.

Fig. 3: Contribution 3D plot for Model 2 (SW-KNN MFA)
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Fig. 4: (a) Graph of observed vs. predicted activities for model 1 (SW-KNN-MFA)
(b) Comparison of actual and predicted activities for all the compounds for the same

model (blue line: actual activity, red line: predicted activity)
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Fig. 5: (a) Graph of observed vs. predicted activities for model 2 (SW-KNN-MFA)
(b) Comparison of actual and predicted activities for all the compounds for the same

model (blue line: actual activity, red line: predicted activity)

SUMMARY AND CONCLUSION

In the present study, an attempt has been made to establish the quantitative structure activity
relationship between a set of 19 thiazolidin-4-one derivatives and their EGFR inhibitory
activity. 3D QSAR studies were performed using kKNN-MFA method. For model
development, steric and electrostatic descriptors were considered. The compounds were
divided into training and test sets by random selection method (80% in training set and 20%
in test set). Twenty trials were run. The variable selection method applied was stepwise
forward backward. Out of all the developed models, two models were selected for description
based on the values of internal and external validation parameters (g2 and predr2
respectively). These models (model 1 and model 2) belong to trial 17 and 18 and have g2
values of 0.8032 and 0.7933 and predr2 values of 0.7843 and 0.7700 respectively. The
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negative range of steric fields at lattice point S_374 in both the models strongly suggests the

need of less bulky group at this position while the positive electrostatic contribution of

electrostatic field point in model 2 suggests the requirement of a positive ionizable group at

this position. Therefore the substituents having the desired properties at these positions may

result in compounds with higher biological activity and the structural information attained

from this study can be used for designing of the newer EGFR inhibitors with better anticancer

activity.
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