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ABSTRACT
Background: Breast cancer is the most commonly diagnosed cancer and the second most 
prominent cause of death in women. Owing to its intricate nature involving multiple cell types, 
preventing its onset is challenging. Tyrosine kinase plays a crucial role in cancer development and 
PTK6, a non-receptor kinase, is recognized as a prognostic biomarker for cancer. Consequently, 
inhibition of PTK6 has emerged as a potential strategy to curb breast cancer cell proliferation 
and survival. Dasatinib, an oral SRC-family kinase inhibitor, exhibits robust anti-proliferative, 
anti-metastatic, and anti-osteoclastic properties, demonstrating sensitivity in triple-negative 
or basal-like breast cancer cell lines. Materials and Methods: In this context, our study aimed 
to identify potent lead compounds against breast cancer by leveraging dasatinib derivatives in 
the pursuit of robust inhibitors. Our methodology encompassed various parameters, including 
derivative construction by the online tool MolOpt which is freely available and widely used. 
Further molecular docking, ADME analysis, PASS prediction, rodent toxicity assessment, potential 
adverse effect evaluation, and MD with PCA calculations were investigated. Results: Through 
meticulous analysis, we compiled a substantial dataset of 163 derivatives from which the top two 
compounds compound 1 and compound 10 emerged following rigorous parameter evaluation. 
Conclusion: After filtration, the identified candidates underwent further scrutiny via MD and PCA 
analyses which helped to ascertain their potential as promising drug-like substances capable of 
inhibiting breast cancer effectively.
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INTRODUCTION

Cancer is characterized by uncontrolled cell proliferation and 
potential metastasis to various organs and is responsible for the 
majority of cancer-related deaths. Breast and skin cancers are the 
most prevalent types of cancer.1 According to the World Health 
Organization, lung cancer accounts for 9.2 million deaths, skin 
cancer for 1.7 million, and breast cancer for 627,000.2,3 Breast 
cancer has occurred as the principal cause of cancer-related 
deaths among women globally, with 7.8 million cases in the past 
five years. Breast cancer encompasses a heterogeneous group of 
malignancies with varying characteristics such as histological 
features, gene expression patterns, metastatic potential, and 
mortality rates.4,5 It ranks second in cancer-related mortality, 
presenting symptoms such as breast lumps, changes in breast size, 
and skin dimpling. The complexity of its developmental pathways 

and resistance mechanisms underscores the importance of 
elucidating the molecular drivers of breast tumors. Advanced 
age is a primary risk factor, along with gene mutations (e.g., 
BRCA1, BRCA2, TP53), family history, early menarche, late 
menopause, delayed childbirth, and hormone replacement 
therapy.6 Chemotherapy and radiation therapy are commonly 
used treatments, especially in Breast-Conserving Therapy (BCT) 
and surgery.7 However, their effectiveness diminishes in later 
stages of cancer development. These treatments also suffer from 
drawbacks such as adverse side effects due to the lack of selectivity 
of available anticancer drugs and the development of resistance in 
certain breast cancer variants.8-10

Protein Tyrosine Kinase 6
Protein Tyrosine Kinases (PTKs) play a crucial role in multiple 
cancer pathways by phosphorylating tyrosine residues in the target 
proteins. Abnormal PTK signaling is frequently associated with 
colorectal cancer.11,12 PTKs are separated into Receptor Tyrosine 
Kinases (RTKs) & Non-Receptor Tyrosine Kinases (NRTKs). 
RTKs activate various signaling pathways at the cell surface, 
whereas NRTKs function intracellularly.13 PTK6, also known as 
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Breast tumor Kinase (BRK), is an intracellular signal transducer 
in epithelial tissues.14,15 It influences the pathogenesis of breast 
and prostate cancer. PTK6 was first identified in melanocytes 
and was subsequently cloned from metastatic breast tumors and 
the gut.16 It is expressed in both normal and tumorous tissues 
and promotes cell proliferation, survival, and carcinogenesis. 
Recent research suggests that PTK6 operates independently of 
kinases and performs context-specific functions in carcinomas. It 
interacts with ERBB2 (HER2) and other receptor tyrosine kinases 
such as EGFR and MET.17 PTK6 inhibitors have shown promise 
in inhibiting breast cancer cell migration and invasion.18,19

Inhibiting PTK6

Currently, various medications targeting PTK6 are commonly 
prescribed in clinical settings. Notably, dasatinib, a small-molecule 
inhibitor, is predominantly utilized for the treatment of chronic 
myeloid leukemia in addition to its role in inhibiting PTK6 
activity.20-22 Structural-based virtual screening has emerged as a 
promising approach for identifying potential drug candidates for 
breast cancer treatment.23,24

Therefore, the investigation aimed to utilize high-throughput 
screening to identify small-molecule inhibitors of PTK6 using 
structure-based drug design. By leveraging bioinformatics tools 
and databases, we aimed to develop derivatives that effectively 
target PTK6 with minimal side effects, offering better and safer 
control of breast carcinoma. Our investigation utilizes the crystal 
structure of the PTK6 kinase domain complexed with dasatinib 
as a basis for this endeavor.Top of Form

MATERIALS AND METHODS

Extraction and preparation of protein

The 5H2U (PTK6) protein structure, with a resolution of 
2.24 Angstroms, was obtained from the Protein Data Bank 
in PDB format, which is accessible through rcsb.org/.25,26 The 
macromolecule production procedure involved removing water 
particles and other heteroatoms using the BIOVIA Discovery 
Studio Visualizer 2021.25,26 The flow chart indicate the summary 
of the projected work in this manuscript (Figure 1).

Designing of dasatinib derivatives library

The first step involved the extraction of the canonical SMILE 
format of the principal compound dasatinib. In the subsequent 
building protocol phase, the primary molecule, represented by 
the authoritative SMILE ID, was submitted using the web-based 
tool MolOpt,27 which was both accessible and user-friendly. The 
identification of molecule replacement groups was facilitated 
by the bioisosteric substitution technique aimed at enhancing 
potency and efficacy.28 Rules from the data-mining (fast) 
replacement approach were employed to generate derivatives.28 
The system subsequently provided output in the form of 
derivatives or subsidiaries along with their SMILE IDs. These 

SMILE IDs were subsequently converted into PDB format using 
the NovPro interface for further examination (https://www.
novoprolabs.com/).

Library screening

To examine docking studies, the chemical structure and protein 
were subjected to PyRx 0.8 version, a virtual screening tool. The 
procedure entailed converting both the chemical compounds and 
proteins into 'pdbqt' format using the Open Babel tool provided 
by PyRx. A grid box was then constructed to capture the active 
binding site, with dimensions aligned with the binding pocket of 
the protein, ascertained by tracing the borders of the pertinent 
box.29,30 The grid box coordinates were as follows: Center X, 
30.8658; Y, -2.6215; Z, 43.6183; dimension (Angstrom): X, 
14.0975; Y, 15.9761; Z, 25.0604. Following docking, the results 
were saved in 'CSV' format, and energies were scrutinized with 
the aid of the PyMol visualization tool. Molecules with the most 
favorable energies were identified to filter the data.

Prediction of biological spectrum activities

The biological activity parameters for a set of compounds 
were predicted using the PASS prediction tool (https://www.
way2drug.com/passonline/index.php).31 The aim of this process 
is to determine the presence or absence of specific bioactivities 
of the compounds, as indicated by their Pa and Pi values. To 
begin the analysis, compound structures were submitted in the 
SMILES format using the online tool NovPro. Subsequently, the 
mass spectrum activities and predicted values were evaluated. 
The assessment was conducted based on the concepts of Pa 
and Pi, which represent the probabilities of active and inactive 
compounds, respectively. To be considered worthy of further 
investigation, the Pa and Pi values of a compound should be 
between 0.000 and 1.000, with Pa exceeding Pi.

Evaluation of pharmacokinetic features and 
drug-likeness forecast

The ADMET profile was utilized to evaluate pharmacokinetic 
characteristics, such as surface area, number of hydrogen bond 
donors, hydrogen bond acceptors, and blood-brain barrier 
permeation.32 Determining this profile is considered the most 
critical and sensitive step in drug development.26,33 Compounds 
generated through profiling were identified as potential drug 
candidates based on their pharmacokinetic activities and 
drug-likeness. The pkCSM prediction tool was employed for this 
analysis.34,35

Estimating the toxicity and predicting the adverse 
side-effects

The online tools GUSAR (http://www.way2drug.com)/gusar/
acutoxpredict.html) and ADVER-Pred were used to predict 
severe acute rat toxicity and potential secondary complications. 
The General Unrestricted Structure-Activity Relationship 
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(GUSAR)36 was employed to investigate toxicity in rodents 
through various routes of administration, such as intraperitoneal, 
intravenous, oral, and subcutaneous, to determine the dose 
for evaluating the analgesic activity of the compounds under 
examination. Conversely, ADVER-PRED (http://www.way2drug.
com/adverpred/)37 was utilized to identify potential adverse 
effects indicated by the values of Pa and Pi.

Molecular dynamics simulation

Simulation studies were conducted on selected lead compounds 
to evaluate the effects of the changes and identify the most suitable 
drug lead compounds. Molecular Dynamics (MD) studies, which 
are widely considered the most effective method for understanding 
the atomic-level chemistry of biological macromolecules,38 was 
employed in this research. Using GROMACS software version 
5.1.2 at 300 K, MD studies were carried out.39 The gmx grep 
module within the GROMACS package was used to extract and 
assemble the complexes and topologies. The force field CGenFF 
(CHARMm General Force Field) was applied to the compounds.40 
The solvation step involved the use of the TIP3 model to solvate 
each complex within a cubic box. After the boundary conditions 
were applied, salts were introduced to equilibrate the charges. The 
framework underwent 25,000,000 steps via the steepest descent 
algorithm for energy minimization. Both proteins and ligands 

were prepared, and their interactions were examined using the 
mesh particle Ewald methodology following the equilibration 
phase.41,42 Furthermore, a gradual temperature equilibration 
process was performed. Following the equilibration phase, the 
system was prepared for simulation and directed for 5 ns to gain 
insights.43,44 Lastly, the MD trajectories for both systems were 
analyzed to estimate the Root Mean Square Deviation (RMSD), 
Root Mean Square Fluctuation (RMSF), and radius of gyration.

Principal component analysis

The fundamental principle of Principal Component Analysis 
(PCA) unambiguously illustrates the progressive development 
of proteins across various stages of reproduction.45 PCA reveals 
the underlying atomic fluctuations that govern the structure of a 
protein by reducing the complexity of Molecular Dynamics (MD) 
results.46 In galaxy research, PCA has been utilized to gain insights 
and investigate the conformational changes that result from 
intricate interactions between drugs and proteins.47 Throughout 
the 5 ns trajectory, the characteristics and configuration of the 
targeted protein and selected compounds were meticulously 
emphasized.48

Figure 1:  Flow chart of Methodology exhibiting various steps.
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RESULTS

Compounds preparation

fqImplementing the MolOpt guidelines, structural analogs 
of dasatinib were designed with the goal of improving the 
pharmacokinetic properties. A total of 29 replaceable groups were 
identified through various bioisosteric substitution sites. Among 
these, the hydroxyl group was specifically chosen as a replaceable 
group reasoned to obtain new interaction sites for better accuracy 
and efficacy (Figure 2), ultimately yielding 163 different variants.

Docking Filtration

Docking studies were performed on 163 derivatives, including 
dasatinib, that targeted the PTK6 receptor. The analysis 
demonstrated that all derivative compounds exhibited binding 
within the active site, with higher binding energies than 
the control standard drug. Specifically, the binding energies 
ranged from -12 kcal/mol to -8 kcal/mol, following a thorough 
investigation. Subsequently, derivatives exhibiting the highest 
binding energies and better interactions were selected, resulting in 
the identification of 11 compounds along with the standard drug 
dasatinib (Table 1). Visualization and evaluation were conducted 
using PyMol and Biovia Discovery Studio, respectively.

PASS prediction spectrum

To systematically evaluate the biological activities of substances, 
we employed the online tool way2 drug for PASS prediction.49 
This analysis provided various chemical descriptors with a 
focus on specific parameters, such as aurora kinase inhibitor, 
fibroblast growth factor antagonist, Erbb antagonist, CDK6, and 
antineoplastic activity against solid tumors, all tailored to our 
target disease, breast cancer. Several studies have highlighted 
the overexpression of aurora kinase in various cancers, 
including breast cancer, thus emphasizing the importance of 
AK inhibition.50 Similarly, FGF and Erbb have been identified 
as potential therapeutic targets for breast cancer treatment.51,52 
Additionally, cyclin-dependent kinases have emerged as crucial 

targets in cancer therapeutics, particularly in breast cancer 
treatment.53 Therefore, these parameters are of particular concern 
which can not only support the current study but will also help 
in estimating better therapeutic results. The primary goal of the 
PASS prediction was to comprehensively assess these parameters, 
ensuring that each compound exhibited a Pa value greater than 
Pi (Table 2).

ADMET screening

In the field of drug development, the assessment of ADMET 
properties is of utmost importance as it provides information 
on key factors such as absorption, distribution, metabolism, 
excretion, & toxicity.54,55 All compounds were evaluated for 
their ADME profiles, and it was determined that they met the 
criteria and adhered to the Lipinski rule (Table 3). Notably, the 
bioavailability score was consistently 0.55 across all compounds, 
including the control. Further examination was carried out using 
the Swiss ADME.56 Furthermore, the pkCSM approach uncovered 
additional molecular characteristics beyond drug-likeness 
metrics, including skin permeability, CYC inhibitors, AMES, 
hERG inhibitors, and hepatotoxicity,57 as detailed in Table 4.

Figure 2:  2D representation of dasatinib, with the green highlighted portion indicating a replaceable group.

Compounds Binding affinity (kcal/mol)
control.pdb -8.0
mol_000.pdb -11.1
mol_001.pdb -11.0
mol_007.pdb -10.5
mol_010.pdb -10.4
mol_019.pdb --10.8
mol_023.pdb -10.2
mol_036.pdb -10.3
mol_070.pdb -11.5
mol_103.pdb -10.6
mol_109.pdb -10.9
mol_143.pdb -12.0

Table 1:  Binding affinities comparison of dasatinib control drug and top 
analog compounds.
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Toxicity prediction

The toxicity of various derivatives was assessed using the GUSAR 

acute rat toxicity database, which categorizes all derivatives as 

Class III for all administration routes, including Intraperitoneal 

(IP), Intravenous (IV), oral, & Subcutaneous (SC). In comparison, 

the standard drugs fell into the Class IV category. Dasatinib 

demonstrated toxicity predictions, including an IP LD50 of 

423,800 mg/kg, an IV LD50 of 137,400 mg/kg, an oral LD50 of 

735,100 mg/kg, and an SC LD50 of 976,300 mg/kg. However, no 

toxicity was observed for the derivatives.

Evaluation of side effects

Identifying potential adverse effects is an essential component 
of the lead candidate discovery process. By employing the 
Adver-pred web service, we were able to effectively uncover 
possible adverse effects, which are represented by the values of Pa 
and Pi (Table 5). The data showed that all derivatives, as well as 
the control drug, displayed similar adverse effects, such as cardiac 
failure, arrhythmia, and myocardial infarction.

Following extensive evaluation of all parameters, compounds 
mol_00 and mol_010 were identified as the most promising 
candidates because of their nontoxic nature, negative AMES 
results, and lack of inhibition of non-hERG channels, as well as 
various PASS prediction parameters indicative of minimal side 

Compounds Aurora kinase 
inhibitor

Erbb 
antagonist

Erbb 2 
antagonist

Antineoplastic FGF antagonist CDK-6 inhibitor

Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi
control.pdb 0.198 0.014 0.098 0.022 0.093 0.022 0.251 0.137 0.105 0.048
mol_000.pdb 0.271 0.008 0.145 0.012 0.141 0.012 0.272 0.115 0.079 0.057 0.102 0.051
mol_001.pdb 0.197 0.014 0.348 0.004 0.286 0.005 0.311 0.081 0.135 0.022 0.130 0.025
mol_007.pdb 0.173 0.018 0.090 0.026 0.075 0.033 0.222 0.178 0.112 0.039
mol_010.pdb 0.208 0.012 0.151 0.012 0.107 0.017 0.375 0.114 0.117 0.029 0.156 0.016
mol_019.pdb 0.168 0.019 0.221 0.007 0.158 0.010 0.258 0.130 0.115 0.030 0.142 0.020
mol_023.pdb 0.187 0.015 0.106 0.020 0.101 0.019 0.230 0.166 0.077 0.061 0.077 0.061
mol_036.pdb 0.165 0.020 0.199 0.008 0.142 0.011 0.253 0.135 0.111 0.031 0.141 0.020
mol_070.pdb 0.127 0.032 0.089 0.079
mol_103.pdb 0.162 0.021 0.185 0.009 0.122 0.014 0.297 0.093 0.081 0.054 0.147 0.018
mol_109.pdb 0.200 0.013 0.167 0.010 0.162 0.010 0.260 0.127 0.097 0.060
mol_143.pdb 0.173 0.018 0.137 0.013 0.087 0.024 0.278 0.109 0.074 0.066 0.178 0.012

Table 2:  PASS prediction of dasatinib control drug and top analog compounds.

Compounds Formula MW* RB* HBA* HBD* BBB* BS* RO5 TPSA
control.pdb C22H26ClN7O2S 488.01 8 6 3 No 0.55 0 134.75
mol_000.pdb C22H24ClN7O2S 485.99 7 5 2 No 0.55 0 131.59
mol_001.pdb C22H24ClN7O2S 485.99 7 5 2 No 0.55 0 131.59
mol_007.pdb C23H28ClN7OS 486.03 7 5 2 No 0.55 0 114.52
mol_010.pdb C24H23ClN6OS 479 9 4 3 No 0.55 0 120.07
mol_019.pdb C22H26ClN7OS 472.01 9 5 3 No 0.55 0 123.31
mol_023.pdb C22H26ClN7OS 472.01 9 5 3 No 0.55 0 123.31
mol_036.pdb C23H28ClN7OS 486.03 9 5 3 No 0.55 0 123.31
mol_070.pdb C23H25ClN6O3S 501 8 6 3 No 0.56 1 148.58
mol_103.pdb C22H26ClN7OS 472.01 7 5 4 No 0.55 0 146.09
mol_109.pdb C22H26ClN7OS 472.01 7 5 4 No 0.55 0 146.09
mol_146.pdb C25H23ClN6OS 491.01 7 4 3 No 0.55 0 120.07

*MW: molecular weight, RB: ratable bond, HBA: hydrogen bond acceptor, HBD: hydrogen bond donor, BBB: blood-brain barrier, BS: bioavailability, RO5: Lipinski 
rule, TPSA: Topological Polar Surface Area

Table 3:  ADME properties of control and selected analogs.
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effects. Further investigations, including molecular dynamics 
studies and principal component analysis, are necessary to 
determine the most suitable derivative inhibitor for the treatment 
of PTK6-associated breast cancer. The 3D illustrations in Figure 
3A-C provide visual representations of the interactions and 
residues involved.

Compound A displayed a total of 10 van der Waals interactions, 
five conventional hydrogen bonds, one carbon-hydrogen bond, 
and two Pi-sigma, Pi-alkyl, and alkyl interactions. In contrast, 
Compound B exhibited four conventional hydrogen bonds: 
carbon-hydrogen bond, Pi-sigma, Pi-alkyl, and alkyl interactions. 
The control compound was characterized by one halogen and 
covalent bond as well as other interactions.

Molecular dynamic simulation

A comprehensive examination was implemented to assess the 
stability of the requisite compounds within the ligands and 

complexes.58 An assortment of trajectory plots, such as RMSD, 
RMSF, SASA, & Rg, were scrutinized to assess the interaction 
stability of ligands & protein comes.59 The simulation study was 
carried out over a 5 ns period.

Analysis of stability and compactness

Root-Mean-Square Deviation (RMSD) has long been a perilous 
component in stability assessment, providing a vital statistic for 
evaluating protein stability relative to the experimental structure.60 
A lower RMSD value indicated greater stability. In this context, 
the mean RMSD values of 0.9 nm & 1.2 nm were calculated for the 
PTK6 protein backbone and ligand, respectively. The RMSD graph 
shows the superior stability of compound 01, with a value of 0.9 
nm, surpassing that of the control at 1.03 nm.61 The Root-Mean-
Square Fluctuation (RMSF) captures residue fluctuations upon 
binding.62 In the RMS-fluctuation analysis, structural deviations 
were observed for both compounds compared with the control. 

Attributes Analogs
Control 000 001 007 010 019 023 036 070 103 109 146

Absorption
Skin perm.
(log mol/l)

-3.087 -3.153 -3.046 -3.146 -2.948 -3.085 -3.116 -3.063 -2.835 -3.12 -3.124 -2.997

Water sol.
(log kp)

-4.573 -5.411 -4.706 -5.309 -5.699 -5 -5.251 -5.054 -5.1 -5.004 -5.196 -5.455

Distribution
CNS perm. -2.745 -2.386 -2.771 -2.212 -1.975 -2.475 -2.117 -2.384 -2.956 -2.261 -3.086 -0.183
BBB perm. -1.438 -1.433 -1.55 -1.354 -1.321 -1.455 -1.364 -1.478 -1.708 -1.46 -1.534 -1.239
Metabolism
CYP2D6 subs. No No No No No No No No No No No No
CYP3A4 subs. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
CYP1A2 inh. No No No No No No No No No No No No
CYP2C19 inh. No No No No Yes No No No No No No Yes
CYP2C9 inh. No No No No Yes No No No No No No Yes
CYP2D6 inh. No No No No No No No No No No No No
CYP3A4 inh. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Excretion
Total clearance 0.515 0.26 0.698 0.444 0.039 0.704 0.568 0.566 -0.017 0.634 0.599 -0.139
RenalOCT2 
subs.

No No No No No No No No No No No No

Toxicity
AMES No No No No No No No No No No No No
hERG I inhibitor No No No No No No No No No No No No
hERG II 
inhibitor

Yes Yes Yes Yes Yes Yes Yes No No Yes Yes Yes

Hepatotoxicity Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
*Perm: Permeability, subs: Substrate, inh: inhibitor.

Table 4:  Drug-likeness and toxicity profiling of control and selected analogs. 
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Compound 01 exhibited a slightly higher degree of fluctuation. 
RMSF analysis offers insights into how protein residues fluctuate 
upon ligand binding throughout the progression.63 Detailed plots 
of RMSF and RMSD are presented in Figures 4A-B.

Determination of compactness: Radius of gyration

Radius of gyration (Rg) is an essential metric for various 
aspects of a chain molecule. It provides insight into the extent 
of structural shifts a protein undergoes during molecular 

Compounds Pa Pi Side Effects

Control 0.967 0.003 Arrhythmia
0.932 0.004 Myocardial infarction
0.927 0.003 Cardiac failure

mol_00.pdb 0.939 0.004 Myocardial infarction
0.921 0.004 Cardiac failure
0.891 0.005 Arrhythmia

mol_003.pdb 0.934 0.003 Cardiac failure
0.919 0.004 Myocardial infarction
0.767 0.017 Arrhythmia

mol_007.pdb 0.96 0.003 Arrhythmia
0.927 0.004 Myocardial infarction
0.898 0.004 Cardiac failure

mol_010.pdb 0.953 0.004 Myocardial infarction
0.952 0.003 Cardiac failure
0.887 0.005 Arrhythmia

mol_019.pdb 0.932 0.003 Cardiac failure
0.931 0.004 Myocardial infarction
0.924 0.004 Arrhythmia

mol_023.pdb 0.972 0.002 Arrhythmia
0.936 0.004 Myocardial infarction
0.911 0.004 Cardiac failure

mol_036.pdb 0.928 0.004 Myocardial infarction
0.927 0.004 Arrhythmia
0.926 0.003 Cardiac failure

mol_070.pdb 0.935 0.004 Myocardial infarction
0.916 0.004 Cardiac failure
0.844 0.009 Arrhythmia

mol_103.pdb 0.95 0.004 Myocardial infarction
0.899 0.004 Cardiac failure
0.859 0.008 Arrhythmia

mol_109.pdb 0.903 0.005 Myocardial infarction
0.891 0.004 Cardiac failure
0.657 0.032 Arrhythmia

mol_146.pdb 0.966 0.003 Myocardial infarction
0.903 0.005 Arrhythmia
0.902 0.004 Cardiac failure

Table 5:  Evaluation of possible adverse effects of control and selected analogs.
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Figure 3:  3D representation of bound derivatives, accompanied by 2D diagrams highlighting interacting amino acid residues. (A) Depicts 
Compound 01, while (B) Showcases Compound 10, and (C) Portrays the Control compound.
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Figure 4:  MD trajectories of compounds 01 and 10 alongside the control drug, depicting: (A) RMSD plot, 
(B) RMSF plot, (C) Radius of gyration graph plot, and (D) SASA plot representation. In the legend, red 

represents compound 10, green represents compound 01, and black indicates the standard control drug.
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Figure 5:  The graph shows how much the variance of (A) Compound 01, (B) 
Compound 10, and (C) Control differ from each other.
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dynamics simulations. Rg typically evaluates compactness and 
flexibility within a biological context by tracking changes in 
protein structure over time. This study revealed the relative 
compactness of the macromolecule, as depicted in Figure 4C.64 
Both compounds showed average Rg values, with readings of 3.1 
nm and 3.2 nm, respectively. The control compound had an Rg 
value of 3.13 nm.

SASA determination

The Solvent-Accessible Surface Area (SASA) is a measure of 
the surface area of a biomolecule and represents the extent to 
which the atoms of the protein on the surface can interact with 
the solvent. SASA has been utilized to better understand the 
continuity and conformational changes following ligand-binding 
interactions.65 A higher SASA value indicates expansion of the 
protein structure, facilitating solvent access to a larger surface 
area. As illustrated in Figure 4D, compound 01 displayed a higher 
SASA value, indicating a larger exposed area.

The trajectories of Molecular Dynamics simulation detailed 
analysis revealed compound 1 as the best compound.

Principal Component Analysis (PCA)

PCA is a multivariate investigation procedure that simplifies 
complex data while retaining variance. In this study, PCA was 
applied to the top two selected compounds and the standard 
drug to reveal variations, while minimizing complexity. The gmx 
analog module was used to extract eigenvalues.

The fractions of diversity measured by PCI for compounds 1 
and 2 were 22% and 56.6%, respectively, indicating significant 
variations. For the control group, a variance of 20.5% was 
observed. Lower eigenvalues indicate greater stability which is 
also found as a supporting pillar for compound 01. The detailed 
eigenvalues are illustrated in Figure 5A-C. PCA variance arises 
from its capability to generate principal components, which 
function as effective variables for estimating variance.

DISCUSSION

Breast cancer is the prominent cause of fatalities among women, 
primarily because of its poor prognosis and persistent nature. 
Treatment of breast cancer that is resistant to conventional 
treatments presents significant therapeutic challenges. Cancer 
cells possess inherent or acquired mechanisms that reduce the 
lethal effects of cytotoxic drugs, which lead to the recurrence of 
breast cancer and account for the majority of morbidity rates.

Dasatinib has been shown to inhibit PTK6 activity with an IC50 in 
the nm range and is a promiscuous kinase inhibitor that inhibits 
both Src and ABL tyrosine kinases. Therefore, it is crucial to 
develop effective inhibitors that can specifically target PTK6 and 
induce apoptosis and growth arrest in breast cancer cells without 
harming healthy cells.12,15 In the present study, we demonstrated 

that inhibiting PTK6 leads to apoptosis in dasatinib-resistant 
breast cancer cells.22

Recently, there has been renewed interest in the discovery of 
small molecules for the treatment of breast cancer. Bioinformatic 
methods have been widely employed in the development and 
discovery of new compounds.30 In this study, computational 
approaches were used to conduct the research. The MolOpt 
database was utilized to construct the derivatives, resulting in 
the generation of 163 compounds. From these, 11 compounds 
were selected on the basis of their binding energies. The docking 
energy for the parent compound was -8 kcal/mol, while the other 
compounds exhibited energies greater than -8 kcal/mol. These 
compounds were tested under various conditions to identify 
hits. Additionally, other computational methods were employed, 
including pharmacokinetic profiling, acute rat toxicity prediction, 
pass prediction, and assessment of potential side effects following 
virtual screening. The drug likelihood and ADME determination 
profiles are depicted in Table 3, and Table 4 provides detailed 
information on compounds with various characteristics, such as 
AMES and hERG inhibitor activity.

The outcomes of all compounds were compared with those of 
the control substance, dasatinib. The analysis suggested that 
the compounds mol_01 and mol_10 performed better than the 
others and met all ADME criteria while adhering to the Lipinski 
rule without any violations. Following the assessment of these 
parameters, molecular dynamics simulations and Principal 
Component Analysis (PCA) were conducted on the top-filtered 
compounds. According to our analysis, the MD study revealed that 
compound_01 outperformed all other MD trajectories, such as 
RMSD, RMSF, Rg, and SASA, compared to the other compounds 
as well as the parent compound. Detailed results of the MD 
analysis are shown in Figure 4. Furthermore, a lower variance 
of 22% was observed for mol_01 through PCA, indicating its 
favorable properties such as fibroblast growth factor, CDK-6, and 
antineoplastic activities to be a lead compound. However, it is 
important to note that despite our comprehensive computational 
analysis, there may be limitations to our research, including the 
absence of experimental validation or survey analysis to support 
our predictions.

CONCLUSION

In summary, our results indicate that PTK6 inhibition has 
the possible to be a valuable strategy for inducing apoptosis 
through the development of dasatinib derivatives. By utilizing 
modern computational methodologies, we designed and 
analyzed novel PTK6 inhibitors, which have the potential to be 
promising therapeutic candidates for the management of breast 
cancer. Our research identified mol_01 as a compound with 
significant inhibitory effects on various biological characteristics, 
including aurora kinase, fibroblast growth factor, CDK-6, 
and antineoplastic activities, with superior binding affinities 
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compared to other compounds. This compound possesses all the 
promising therapeutic that could help in treating the ailment of 
breast cancer. Importantly, mol_01 demonstrated no toxicity and 
had only three side effects, similar to those associated with the 
commercial drug dasatinib. Furthermore, molecular dynamics 
studies support our findings, showing a decrease in the primary 
component and reinforcing the efficacy of mol_01 as a potential 
therapeutic agent. However, further optimization is necessary 
during the drug discovery phase. In light of these findings, it is 
crucial to conduct experimental validation to support our data 
and pave the way for proper clinical trials of the identified drug. 
Ensuring the safety and efficacy of mol_01 through rigorous 
experimentation is essential before its practical application in 
clinical settings.
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