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ABSTRACT 
 

Breast cancer is highly prevalent next to lung cancer. Breast cancer occurs as a result of mutation 
in the genes like proto-oncogenes as well as tumor suppressor genes in a single clone of cells in 
the ductal and glandular regions of the breast. The drugs used to prevent breast cancer are 
Raloxifene hydrochloride and Tamoxifen citrate. The drugs used to treat breast cancer are 
Abemaciclib, Paclitaxel, Everolimus, Imatinib, Alpelisib, Anastrozole. Although several drug 
molecules had been developed, their specificity towards the potential breast cancer specific marker 
proteins such as activated threonine kinase 2/Protein kinase B (AKT2), cell division protein kinase 
6 (CDK6), estrogen receptor (ER), human epidermal growth factor receptor type 2 (HER2), and 
poly ADP ribose polymerase1 (PARP1) need to be studied in silico. The present study was 

Original Research Article 



 
 
 
 

Kumar et al.; JPRI, 32(24): 64-73, 2020; Article no.JPRI.61724 
 
 

 
65 

 

undertaken 1) to assess the specificity of paclitaxel towards the breast cancer specific marker 
proteins using molecular docking analysis and 2) to identify various physico-chemical properties of 
drug molecules including absorption, distribution, metabolism and excretion (ADME). The 
interaction between paclitaxel and the target proteins of breast cancer was analyzed using the 
Schrodinger Maestro Ver.2018.4. The results of the present study reveal that paclitaxel shows 
good binding interactions with the target proteins in the following order, ER > PARP1 > AKT2 
>CDK6 > HER2. Among the five proteins, ER and PARP1 showed good binding interactions as 
compared to AKT2, CDK6 and HER2 proteins. The ADME properties of paclitaxel were predicted 
using QikProp module of Schrodinger Maestro version 2018.4. The present study warrant further 
studies which helps in the development of potent anticancer drug to treat breast cancer. 
 

 
Keywords:  Cancer; breast cancer; paclitaxel; AKT2; CDK6; ER; HER2; PARP1; ADME; Schrodinger; 

QikProp. 
 
1. INTRODUCTION 
 
Cancer refers to a disease state involving 
uncontrolled proliferation of body cells and is also 
known as neoplasm. The International Agency 
for Research on Cancer (IARC), a unit of World 
Health Organization (WHO) reported that 28 
types of cancer are found in 184 countries and 
the cancer burden is alarmingly increasing. In 
2025 the incidence of cancer would be 19.3 
million. The breast, lung, and colorectal cancers 
are the top three cancers contribute to more than 
43% of all cancers. The annual raise of cancer 
incidence is about 1-2% [1]. Increase in cancer 
prevalence is a socio-economic burden to human 
life [2]. The breast Cancer is a leading type of 
cancer next to lung cancer. The breast cancer 
(also known as malignant breast neoplasm) is a 
type of cancer of breast tissue, and also a 
primary cause of global cancer fatality (14%) [3]. 
5-10 % of the breast cancer is associated        
with known gene mutations of BRCA1 and 
BRCA2 inherent from parents. In addition, the 
aged women are more prone to breast cancer 
[4,5]. 
 
The drugs approved for the prevention of breast 
cancer are Raloxifene hydrochloride and 
Tamoxifen citrate. The drugs in use for the 
treatment of breast cancer are Abemaciclib, 
Paclitaxel, Everolimus, Imatinib mesylate, 
Alpelisib, Anastrozole, Doxorubicin hydrochloride 
[6]. Although several drugs and formulations are 
used to treat breast cancer, they cause side 
effects and show evidence of non-specific 
binding with the proteins of cancer 
microenvironment. Hence, it is appropriate to 
develop an ideal drug to treat breast cancer. The 
drugs targeting specific genes or proteins related 
to breast cancer can alter the signaling pathways 
responsible for cancer cell proliferation, invasion 
and angiogenesis [7].  

Paclitaxel is a naturally occurring tricyclic 
diterpenoid with a molecular formula of 
C47H51NO14 (Fig. 1), isolated from the bark and 
needles of Taxus breifolia. Paclitaxel is a 
successful anticancer drug due to its exclusive 
anticancer mechanism [8]. In the present study, 
in silico molecular docking of paclitaxel on certain 
marker proteins of breast cancer such as Protein 
kinase B (AKT2), Cell division protein kinase 6 
(CDK6), Estrogen Receptor (ER), Human 
epidermal growth factor receptor type 2 (HER2), 
and poly ADP ribose polymerase 1 (PARP1)  
was carried out using Schrodinger Maestro 
version 2018.4. In addition to these, the drug 
likeness, absorption, distribution, metabolism, 
and excretion (ADME) properties were also 
assessed based on Lipinski’s rule of five by 
employing “QikProp” module of Maestro version. 
 

2. MATERIALS AND METHODS 
 

2.1 Ligand Preparation 
 
The ligand “paclitaxel” (Fig. 1) was imported from 
the PubChem data bank [9], saved in .sdf format 
for computational calculations and placed into 
Maestro workspace. The ligand was prepared 
using LigPrep module of Schrodinger suite 
(Maestro version 11.8) [10]. The 2D structure of 
the ligand was converted into 3D with its likely 
tautomers and ionization states at pH 7.0 ± 2.0. 
The ligand was further generated and 
geometrically minimized by means of optimized 
potential liquid simulations (OPLS-2005) force 
field using “LigPrep” module for further docking 
analysis [11,12].  
 

2.2 Protein Preparation 
 
The chosen proteins namely, AKT2 (PDB code: 
3D0E) [13], CDK6 (PDB code: 4AUA) [14], ER 
(PDB code: 3ERT) [15], HER-2 (PDB code: 
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3PP0) [16], and PARP1 (PDB code: 2RCW) [17] 
were identified and imported from the protein 
data bank (PDB) (http://www.rcsb.org/pdb/-
home/home.do). The features of the protein 
structure from the protein data bank is not 
appropriate  to carry out molecular docking study 
since they contain heavy atoms with or without 
co-crystallized ligand, water molecules, metal 
ions and co-factors. The resolution of the target 
proteins are, 2.00 Å (AKT2), 2.31 Å (CDK6), 1.90 
Å (ER), 2.25 Å (HER2)  and 2.80 Å (PARP1) and 
were considered as good for further analysis. 
The 3D structure of the protein was prepared 
using protein preparation wizard module of 
Schrodinger suite Maestro version 11.8 and 
preprocess, regenerate states, optimization and 
minimization (OPLS-2005) were performed [18].  
 

2.3 Preparation of Grid 
 

The grid was prepared using receptor-grid 
generation tool of Schrodinger Maestro version 
11.8, where the binding/active site of the target 
protein co-crystallized with ligand molecule. Later 
the co-crystallized ligand will be expelled and 
occupied by a new ligand with same binding 
orientation [18]. 
 

2.4 Docking 
 
Molecular docking study was performed using 
GLIDE program of Schrodinger Maestro (version 
11.8) to examine the binding orientation of the 
ligand and selected target proteins (PDB ID) of 
breast cancer. The 3D structure of the protein 
was obtained from the protein data bank. The 
target proteins and its corresponding codes are 

as follows: AKT2 - 3D0E; CDK6 - 4AUA; ER - 
3ERT; HER-2 - 3PP0 and PARP1 - 2RCW. The 
active site of the proteins also known as Grid 
was targeted and created. The active site 
includes the ligand and its interacting amino 
acids. The docking was carried out using the 
minimized ligand with Grid generated proteins. 
The extra precision (XP) was applied throughout 
the docking study for all proteins and the best 
docked pose was documented for each protein 
with the lowest glide/docking score [19,20]. 
 

2.5 ADME Prediction  
 

The theoretical ADME properties of the ligand 
from the data set were predicted using the 
QikProp tool of Schrodinger Maestro (version 
11.8). An about ten physically significant 
descriptors and pharmacological parameters of 
the ligands were analyzed. The water solubility of 
the ligand/compounds is playing a significant role 
in absorption, distribution, metabolism, excretion 
and the bioavailability [21,22]. The bioavailability 
of a molecule will be predicted using the 
Lipinski’s rule of five, which is a familiar filter of 
choice. The Lipinski’s rules follow the five 
parameters which includes: a) compound should 
not have a molar mass greater than 500 Daltons; 
b) no more than 5 hydrogen bonds; c) not more 
than 10 hydrogen bond acceptors and an 
octonal/water partition coefficient “log P” should 
not be greater than 5 [23]. The Lipinski’s rule and 
pharmacokinetic parameters such as absorption, 
distribution, metabolism and excretion (ADME), 
were predicted using QikProp tool of Schrodinger 
Maestro (version 11.8) [24] (Schrodinger 
QikProp, 2018). 

 

 
 

Fig. 1. The structure of paclitaxel 
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3. RESULTS AND DISCUSSION 
 
Molecular docking studies involve computational 
tools which help in designing a drug molecule to 
target a protein [25]. Docking analysis provides 
details on the affinity, binding orientation and the 
biological activity of a drug molecule to their 
target proteins [26]. AKT2, also known as serine 
threonine kinase or protein kinase B is a key 
protein of PI3K/AKT signaling. The primary 
functions of AKT is to control the characteristics 
of cancer namely, tumor growth, survival and 
metastasis [27]. However, abnormal expression 
of Akt causes breast cancer in female. The 
mechanism of action of AKT2 is initiated by 
growth factor binding to transmembrane 
receptors, which inturn activates 
phosphoinositide-3-kinase (PI3K). PI3K then 
catalyses the conversion of phosphatidylinositol-
4,5-bisphosphate to phosphatidylinositol-3,4,5-
trisphosphate, a second messenger which is 
essential for the recruitment of Akt to the plasma 
membrane. Akt can be phosphorylated and 
activated by phosphatidylinositol-3, 4, 5-
trisphosphate-dependent kinase (PDK1). Akt 
activation has impact on cancer cell cycling, 
growth and survival [28].  
 
CDK6 is a cyclin-dependent kinase that helps in 
the development of cells at the early G1       
phase of cell cycle by forming complexes with D-
type cyclins such as D1, D2 and D3 [29].         
The CDK6-cyclin D complex is involved in the G1 
to S cell cycle progression and negatively 
regulates cell differentiation. CDK6 regulate the 
activity of tumor suppressor protein 
retinoblastoma (Rb). An increase in the 
expression of CDK6 is well connected with 
various cancers whereas very low levels were 
found in non-cancerous cells. CDK6-null mice 
were found to be normal suggesting an 
oncogenic role for CDK6 [30]. CDK6     
represents a promising target for anti-cancer 
therapy] [31]. 
 
Estrogen production from androgens is mediated 
by aromatase. ER-α mediated extranuclear 
signaling enhances aromatase enzymatic activity 
which is implicated in the tumor progression. ER-
α play vital role in the development of breast 
cancer. The administration of hormones that 
block ER functions or the induction of local and 
systemic estrogen production is used as a 
strategy to treat ER-α positive breast cancer. The 
extra nuclear actions of ER are emerging as an 
important target for tumorigenic and metastatic 
control. Hence, the targeting of extra-nuclear 

actions of ER can control the development       
and metastasis of ER-α positive breast cancer 
[32].  
 
HER2 is a protein of the epidermal growth factor 
(EGF) family and the members of EGF are, 
HER1 (erbB1), HER2 (erbB2), HER3 (erbB3), 
and HER4 (erbB4). EGF is a 185 kDa 
transmembrane protein located in the long arm of 
chromosome 17. Human epidermal growth factor 
receptor 2 (HER2) is up-regulated during breast 
cancer to an extent of around 20 to 30 percent 
and could be correlated with severity, higher re-
occurring rate and augmented death during 
breast cancer [33]. PARP1 acts as an important 
catalyst in DNA repair and involved in the 
pathway of tumorigenesis. The expression of 
PARP1 was increased significantly in cancers of 
breast, uterus, lung, ovary, skin and non-
Hodgkin’s lymphoma. Loss of PARP1 activity 
following treatment with PARP inhibitors can lead 
to enhanced cancer cell death. Hence, PARP1 
inhibitors are used for the treatment of numerous 
malignancies concerned with dysfunctional DNA 
repair mechanisms and triple-negative breast 
cancer (TNBC) [34].  
 
Paclitaxel promotes the arrangement of tubulin 
into microtubules and prevent the separation of 
microtubules which hinders cell cycle progress 
as well as mitosis and slow down the proliferation 
of cancer cells [30]. US-Food and Drug 
Administration (FDA) approved paclitaxel for the 
management of advanced ovarian cancer [35] 
and then it was extensively used in the treatment 
of breast cancer, colorectal cancer, and 
squamous cell carcinoma of urinary bladder. 
Moreover, it is also used for the management of 
diseases such as head and neck cancers, small-
cell and non-small-cell lung cancers (NSCLCs), 
and AIDS [36]. Apart from cancer, paclitaxel is 
also used in the treatment of coronary heart 
disease, inflammation, axon regeneration as well 
as degenerative brain diseases, renal and 
hepatic fibrosis [37]. Paclitaxel-bound liposomes 
were studied In vitro and In vivo and 
demonstrated to be effective in the treatment of 
pancreatic cancer [38]. Paclitaxel treatment 
resulted in apoptosis of cancer cells both In vitro 
and In vivo conditions [35]. The combination of 
paclitaxel and palbociclib therapy to patients with 
Rb

+
 advanced breast cancer has been reported 

to be safe without evidence of toxicity in phase I 
trial [39]. However, paclitaxel also showed 
cardiotoxic effects [40] and exert dermatological 
problems to patients with gynecological organ 
malignancy [41].  
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3.1 Molecular Docking Results  
 
The molecular docking study was performed with 
the target proteins such as AKT2, CDK6, ER, 
HER2 and PARP1 against the prepared ligand 
“paclitaxel” using “ligand docking” module of 
Schrodinger Maestro (version 11.8). After 
successful docking, the parameters such as 
docking score, Glide evdw (Van Der Waals 
energy), ecoul (Coulomb energy), Glide     
energy and the interacting residues (Hydrogen 
bond/ π- π bond) against the target proteins 
were obtained. The degree of interaction 
between the target proteins and paclitaxel was 
evaluated. The results demonstrated that 
paclitaxel exhibited good docking score and 
interacted well with the crucial amino acid 
residues of the each target protein (Tab.1).      
The predicted docking scores of the study      
were negative. More negative docking           
score is an indicator of greater binding 
affinity/interaction with the target protein/receptor 
[42].  
 

The predicted docking score of AKT2 against 
paclitaxel was calculated as -6.35 and a 
hydrogen bond interaction was also observed 
with the amino acid residues such as      
THR162, LYS191 as well as H20680. In   
addition to these, a pi-pi interaction was also 
noticed with the amino acid PHE443 of AKT2. 
The docking score of CDK6 with paclitaxel was -
5.86 and a hydrogen bond interaction was seen 
with the amino acid residues namely, ILE19, 
LYS29, ASP102 and LYS111. The docking score 
of ER protein was found to be -10.63 and a 
hydrogen bond interaction was noticed with 
residues such as H2031, CYS530 and VAL534. 
The docking score of HER2 protein with 

paclitaxel was -3.55 and a hydrogen bond 
interaction was observed with amino acid 
residues such as H20129 and ARG811. 
Interestingly, paclitaxel showed a good docking 
score of -10.11 with PARP1 and  have a 
hydrogen bond interaction with amino acids  
residues such as GLU102, MET229, LYS242, 
ASN245 and GLU327 respectively, and it        
also showed a pi-pi interaction with the amino 
acids namely, TYR228,TYR235 and TYR246 
(Table 1). 
 
Based on the docking score, paclitaxel exhibited 
excellent binding interactions with the active site 
of all the selected proteins of our interest. The 2D 
and 3D interactions of paclitaxel with the 
respective target proteins (A to E) are given in 
Figs. 2 and 3 respectively. The hydrogen 
bonding as well as pi-pi interactions of paclitaxel 
with the target proteins namely, AKT2 (Fig. 2A), 
CDK6 (Fig. 2B), ER (Fig. 2C), HER2 (Fig. 3D) 
and PARP1 (Fig. 3E) were shown clearly. The 
predicted Glide evdw (Van Der Waals      
energy), ecoul (Coulomb energy) and Glide 
energy of the target proteins such as AKT2 (-
61.84, -9.23 & -71.07), CDK6 (-50.06, -13.55 & -
63.60), ER (-35.87, -9.79 & -45.67), HER2 (-
39.11, -7.32 & -46.43) and PARP1 (-60.51, -
13.67 & -74.20) respectively are given in Table 1. 
The results of the present study depicted that the 
paclitaxel showed good interactions with all the 
chosen proteins. Based on the docking score, 
the order of target protein binding with paclitaxel 
was, ER (-10.63) > PARP1 (-10.11) > AKT2 (-
6.35) > CDK6 (5.86) > HER2 (-3.55). Among 
these, ER and PARP1 showed                    
greater binding with paclitaxel as compared to 
other target proteins such as AKT2, CDK6 and 
HER2. 

 
Table 1. The docking score, glide evdw (van der waals energy), ecoul (coulomb energy), 
interacting residues and the type of interaction of paclitaxel with breast cancer marker 

proteins. The docking scores calculated using glide program of Schrodinger Maestro (version 
2018.1). Where, HB denotes hydrogen bonding; Pi-Pi denotes π-π bond 

 

Name of 
the drug 

Target 
protein 

Docking 
score 

Glide 
evdw 

Glide 
ecoul 

Glide 
energy 

Interacting residues (HB/Pi-Pi) 

 

 

 

Paclitaxel 

AKT2   -6.35 -61.84   -9.23 -71.07 THR162, LYS191 and 
H20680/PHE443 

CDK6    -5.86 -50.06 -13.55 -63.60 ILE19, LYS29, ASP102 and LYS111 

ER -10.63 -35.87   -9.79 -45.67 H2031, CYS530 and VAL534 

HER2   -3.55 -39.11   -7.32 -46.43 H20129 and ARG811 

PARP1 -10.11 -60.51 -13.67 -74.20 GLU102, MET229, LYS242, ASN245 
and GLU327/TYR228,TYR235 and 
TYR246 
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Fig. 2. Binding orientations of paclitaxel with the crystal structure of AKT2 (A); CDK6 (B); ER 
(C) and its hydrogen-bond interactions with amino acids 

 

3.2 ADME Results 
 
The computational biology approaches have 
gained considerable attention by the 
pharmaceutical researchers involved in drug 
discovery process since they are high-throughput 
method and cost effective [43] Among these, the 
Lipinski’s rule of five or rule of thumb is also a 
tool, which was used in the present study to 
evaluate the drug likeness as well as certain 
pharmacological or biological activity of a new 
ligand/chemical entity. The rule portrays the 

molecular properties and ADME characters of a 
drug in human body. In addition to these, 
Lipkinski’s rule is playing an active role in lead 
structure design, step-wise increase in the 
activity and selectivity of a compound to ensure 
drug-like physicochemical properties. The 
Lipinski’s rule includes, (i) no more than 5 
hydrogen bond donors, (ii) no more than 10 
hydrogen bond acceptors, (iii) a molecular mass 
less than 500 daltons and (iv) octanol-water 
partition coefficient (QPlogP) not greater than 5 
[23].
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Fig. 3. Binding orientations of paclitaxel with the crystal structure of HER2 (D); PARP1 (E) and 

its hydrogen-bond interactions with amino acids 
 
The ADME properties of the prepared ligand 
“paclitaxel” were assessed using QikProp 
module of Schrodinger (Maestro version 11.8). 
Around ten physically relevant and 
pharmacologically significant parameters of 
paclitaxel were determined. The program also 
predicted various parameters of Lipinski’s rule of 
five namely, molecular weight (MW), hydrogen 
bond donor (HBD), hydrogen bond acceptor 
(HBA) and octanol/water partition coefficient 
(QPlogP (O/W). Moreover, the noteworthy 
pharmacokinetic parameters such as aqueous 
solubility (QPlogS), IC50 value for blockage of 
HERG K

+
 channels (QPlogHERG), blood/brain 

partition coefficient (QPlogBB), predicted human 
oral absorption (PHOA), and QPPCaco-gut-blood 
barrier/cell permeability in nm/s were also 
identified.  

From the results of Lipinski’s rule, it was 
observed that the parameters such as         HBD-
3 (<5), HBA-17.65 (>10) and QPlog (o/w)-4.52 
(<5) comply with the rules but other        
properties such as MW-853.92 (≤500) as well as 
rule of five -2 (0) was didn’t met the criteria 
(Table 2). The predicted values for the 
pharmacokinetic properties are QPlogS:               
-4.96 (-6.5 to 0.5), QpHERG: -6.2 (<-5),   
QPlogBB: -1.98 (-3 to 1.2), PHOA: 67 (>80high & 
<25poor) and QPPCaco: 160 (>500high, 
<25poor) (Table 3). The result of ADME 
properties showed a slight violation in       
Lipinski’s rule and good deed in pharmacokinetic 
properties. Thus, the drug paclitaxel is a good 
drug candidate for the development of      
targeted drug delivery system to treat breast 
cancer. 

 
Table 2. The scores of paclitaxel predicted by a QikProp module of Schrodinger based on the 
Lipinski’s rule. Where, MW denotes molecular weight, HB-Hydrogen bond and QPLogP (O/W) 

octanol/water partition co-efficient 
 
Name of the Drug Factors of Lipinski’s rule of 5 

MW (<500) HB-Donor (<5) HB-Acceptor 
(<10) 

QPlogP (O/W) 
(<5) 

Rule of 5  
(0) 

Paclitaxel 853.92 3 17.65 4.52 2 
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Table 3. Predicted ADME values of paclitaxel using a QikProp module of Schrodinger. Where, 
QPlogS denotes aqueous solubility, QpHERG-predicted IC50 value for blockage of HERG K+ 

channels, QPlogBB-Brain/blood partition coefficient, PHOA- Predicted human oral absorption 
and QPPCaco-gut-blood barrier/cell permeability in nm/s 

 
Name of the 
Drug 

Pharmacokinetic properties 
QPlogS 
(-6.5 to 0.5) 

QpHERG 
(<-5) 

QPlogBB 
(-3 to 1.2) 

PHOA (>80 high, 
< 25 poor) 

QPPCaco (>500 
high, <25 poor) 

Paclitaxel -4.96 -6.2 -1.98 67 160 
 

4. CONCLUSION 
 

The results obtained confirm that paclitaxel has 
good binding interaction with target proteins such 
as AKT2, CDK6, ER, HER2, and PARP1 through 
hydrogen bond, polar and pi-pi bonds. 
Interestingly, the predicted Lipinski’s and ADME 
scores for paclitaxel were within the acceptable 
range with a slight violation. Further, paclitaxel 
interacted well with the target proteins of breast 
cancer with low energy to inhibit the cell 
signaling pathways effectively. Paclitaxel shows 
good binding interactions with the target proteins 
in the following order, ER > PARP1 > AKT2 
>CDK6 > HER2. Interestingly, ER and PARP1 
showed better binding affinities towards 
paclitaxel as compared to other target proteins 
such as AKT2, CDK6 and HER2 proteins. The 
present study pave way for further studies which 
rationalize anticancer therapy based on the 
expression of breast cancer proteins. 
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