
27

 

Asian Pacific Journal of Cancer Biology• Vol 5• Issue 1

apjcb.waocp.com              Varish Ahmad, et al: Exploration of Binding Interaction of Steroidal Drugs with HMG-Co A Reductase Inhibitors for

Introduction

Cancer or tumor among the human population is one of 
the dangerous diseases worldwide which affected about 
more than 1 million population and breast cancer is more 
prevalent in USA among women. The death rate due to 
cancer is common in the age of 40-59 years [1]. The use of 
hormonal therapy evolved in 1895 when it was used as a 
contraceptive drug and pharmacological standardization of 
steroidal drugs inhibiting the estrogen receptor is the main 
therapy for the management of  breast cancers [2].

Aromatase inhibitors block estrogen synthesis 
and thus have been tested as well as for therapeutic 
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intervention of breast cancer mediated by estrogen. 
These inhibit the catalyzing step of the enzyme aromatase 
complex, which regulates the important step estrogen 
synthesis [2] and prevent binding of the enzyme with 
its actual site of the substrate, androgen. Ovaries and 
many tissues of the body able to synthesize estrogen 
with the catalyzing power of Aromatase enzymes [3]. 
The steroidal ones are formestane and exemestane which 
are structurally similar to natural substrates, testosterone 
and androstenedione. Expression of aromatase is found in 
ovaries, extragonadal tissues, brain, fat, liver, endothelium 
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bones and mesenchymal cells of adipose tissue in the 
breast. Aromatase converts androgens (testosterone and 
androstenedione) to estrogen and estradiol which is depend 
on cholesterol synthesis Pathway [4]. Pregnenolone is the 
precursor of steroid, used in the synthesis of all most all 
the steroidal hormones. The steroidal hormone synthesis is 
linked with the cholesterol synthesis which is catalyzed by 
HMG-CoA reductase, a rate controlling enzyme catalyze 
the synthesis of cholesterol and mevalonate pathways. 
The drugs like statins inhibit HMG-CoA reductase enzyme 
(3-hydroxy-3-methyl-glutaryl-CoA reductase) and applied 
for HMG-CoA reductase mediated cardiovascular drugs 
[5]. The drugs like statins have been used to inhibit 
HMG-CoA reductase enzyme for the management of 
cardiovascular diseases. Both enzymes are differently 
linked in a step of cholesterol synthesis. Thus, controlling 
the cholesterol synthesis could be helpful to manage many 
types of cancers including breast cancers and ovarian 
cancers and steroidal drugs are to be tested for search 
of alternative HMG-CoA reductase inhibitors. Estrogen 
synthesis is mediated by aromatase which depends on 
the synthesis of cholesterol. The exemestane inhibits the 
aromatase enzyme of estrogen synthesis and becomes 
the choice of drug for the management of breast cancer. 
Thus, the drugs targeting the aromatase enzyme to inhibit 
the cholesterol synthesis could be a target to HMG-CoA 
reductase and hope for emerging inhibitor for the enzyme 
HMG-CoA  reductase. Moreover, It is well reported that 
the pathogenesis of ovarian cancer is linked with the 
mevalonate pathway of cholesterol synthesis to potentiate 
the signaling of the oncogenic pathway [6].Cerivastatin 
inhibits enzyme 3-hydroxy-3-methylglutaryl coenzyme 
A reductase and contributes significantly to control the 
spreading of the breast cancer [7].

Chemically it is a 3-hydroxy-3-methylglutaryl 
coenzyme A reductase and help to convert covert to 
coenzyme A and mevalonate, a precursor of isoprenoid 
through the transfer of hydride and utilization two NADPH 
[8-9]. The researches have described that cholesterol 
biosynthesis is linked with cancer and cardiovascular 
disorder. Both experimental and clinical research studied 
have stated that cancer can be developed due to increased 
cholesterol synthesis or intake of diet rich in high 
cholesterol and fat [10-11].

Modification of geranylgeranyl pyrophosphate 
(GGPP) and/or farnesyl pyrophosphate (FPP) is essential 
for the function of small GTPases, lamins and other 
proteins involved in proliferation, survival, invasion, 
metastasis, inflammation and immune response [12]. 
Thus, by attenuating mevalonate synthesis, statins not 
only decrease cholesterol biosynthesis but have pleiotropic 
effects impinging on multiple cancer pathways [13]. 
The roles of enzymes aromatase and HMG-CoA reductase 
enzymes in the development of cancer have been well 
explored. Simvastatin controls cholesterol synthesis by 
inhibiting HMG-CoA reductase enzymes and has also 
been reported for anti-cancer activities. It has potentially 
induced apoptosis, the cell arrest at G1 and inhibited 
significantly proliferation of the cell. Moreover, due to 
inhibition of HMG-CoA reductase enzyme activity which 

results in cellular stress, DNA damage and inhibition of 
mTOR and MAPK pathways involved in ovarian cancers 
[6].

The suppression of ovarian tumor in, orthotropic 
mouse treated with simvastatin has been reported due to, 
decreased expression of phosphorylated-p42/44 protein 
and Ki-67, HMGCR [6] 

Thus, Metastatic and invasive properties of cancer cell 
are linked with HMG-CoA reductase signaling. Moreover, 
the epigenetic regulation is also affected by HMG-CoA 
reductase inhibitors [14-15] but extreme cost and length of 
time in discovery of novel drug and its development are 
suffering from the low rate of success, the researchers 
have been accelerated to explore the therapeutic area of 
existing drugs for new application in oncology.

Materials and Methods

Drug molecule preparation 
The three dimensional (3D) configuration of  

Anastrozole (DB01217), Exemestane (DB00990) 
and Letrozole (DB01006), and statin (DB00227) like 
molecules were obtained from DrugBank Database 
(www.drugbank.ca) [16-18]. It was further minimized 
by CHARMmforce field [19] minimization of energy 
procedure through Discovery Studio 2019.

Receptor molecule preparation 
The well-known protein structure database Protein 

Data Bank(PDB) governed by Research Collaborator of 
Structural Bioinformatics (RCSB) (www.rcsb.org) used to 
download the 3D structure of HMG-Co A reductase (PDB 
ID: 1DQ9). The structure was selected based on available 
experimental data like X-ray diffraction method used to 
develop the 3D structure with the obtained resolution of 
2.80 Å, R-value Free was 0.247 and R-value work was 
0.207. The water molecules and HETATM were removed 
from the PDB ID: 1DQ9. file and CHARMm force field 
applied for energy minimization [19] using Discovery 
Studio 2019 [19-20].

In silico interaction analysis 
MGL tool Autodock has been used to analyze the 

binding interaction between drug compounds and 
HMG-CoA reductase. The analysis of interaction was 
carried out through Lamarckian genetic algorithm 
(LGA) Molecular docking methods and then probing the 
best conformation of enzyme and drug complex on the 
calculation is done and obtained binding energy (∆G). 

∆G binding = ∆Ggauss + ∆Grepulsion + ∆Ghbond + 
∆Ghydrophobic + ∆Gtors

Here, ∆G gauss is dispersion of two gaussian functions, 
∆G repulsion is square of the distance if closer than 
a threshold value, ∆Ghbond & ∆Ghydrophobic are ramp 
function, also used for interactions with metal ions and 
ramp function respectively while ∆Gtors is relative to 
the no. of rotatable bonds [21-22].

Further water molecules were removed from the 3D 
structure of enzyme (PDB ID: 1DQ9) before docking 
and hydrogen atoms and finally salvation parameters 
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The docking features signified the HMG-CoA reductase 
inhibitory potential of studies letrozole, anastrozole, 
exemestane are shown in Figure 2b-3b; Table 1. 

The anastrozole has also been shown significant 
binding interaction with HMG-CoA reductase and 
binding energy of the enzyme ligand was -7.84 
kcal/mol (Figure 1; Table 1) but hydrogen bonding 
facilitated was due to involvement of amino acids 
which are as A:LYS691:HZ3-:UNK0:N2:UNK0:N3-
A:GLN766:O:UNK0:H6-A:MET655:SD:UNK0:H16 
A:GLN766:OE1:UNK0:H17,:GLU801:O amino acids and 
distance for hydrogen bond were 2.33883, 2.90861, 2.68592, 
1.9906, 2.2311 Å, respectively. The inhibition constant 
was 13.93uM and observed amino residues faceplate the 
hydrophobic interaction were Cys526, Met655, Met657, 
Asp690, Lys691, Tyr761, Gly765, Gln766, Asp767, 
Gln770, Glu801, Ile802, Gly803, Gly806, Gly807, 
Gly808 (Figure 2; (Figure 1a- Figure 2a and 3a; Table1). 
The letrozole has shown minimum binding interaction 
with the enzyme and analyzed binding energy was -6.66 
kcal/mol (Table 1). The observed hydrogen bond forming 
residues are A:MET655:HN-:UNK0:N2 with a distance 
2.82966 Å, UNK0:H1-A:GLY765:O (2.10095 Å), 
UNK0:H2- A: ASP690:OD2 (1.72832 Å), UNK0:C14-
A:GLN766:OE1 (3.71849 Å),UNK0:C14-A:GLY803:O 
(3.65332 Å),: UNK0:C14-A:THR809:OG1 and 3.68008 
Å hydrophobic interaction the involved amino acids are 
Cys526, Arg590, Met655, Met657, Asp690, Lys691, 
Gly765, Gln766, Asp767, Gln770, Gly803, Val805, 
Gly807, Gly808, Thr809 (Figure 1c and Figure 3c;). 
The observed binding energy of statin with HMG-CoA 
reductase was observed to be-7.16 kcal/mol, hydrogen 
bond length 2.23592 A0,and hydrophobic interaction was 
facilitated by A:ASN658:HD21 - :UNK0:O3, Cys526, 
Met655, Gly656, Met657, Asn658, Gly765, Gln766, 
Asp767, Gln770, Glu801, Ile802, Gly803, Thr804, 
Val805, Gly806, Gly807, Gly808,Thr809 amino acids 
(Figure 4a-c).

and charge (Kollman united) were added to the PDB 
ID: 1DQ9. Drug compounds with Gasteiger charge was 
used to conduct the study. To cover highest part of drug 
compounds and PDB ID: 1DQ9, a Grid box set was 
selected and set to 60×60×60° values at all  three axis of 
grid point. A 0.375 Å of space was selected as default grid 
points. The docking analysis for (PDB ID: 1DQ9)-drug 
compounds was performed through Lamarckian Genetic 
Algorithm (LGA) [23-24].

The default LGA parameters like population size 
(ga_pop_size) 150, energy evaluations (ga_num_
generation) 2500000, mutation rate 27000, crossover 
rate 0.02 and 0.8 and step size 0.2 Å were set and 10 
runs of LGA set to complete the study. After successful 
execution of docking steps obtained conformations of 
PDB ID: 1DQ9 and drug compounds complexes were 
analyzed for the interactions and binding energy using 
Discovery Studio 2019 molecular visualization software.

Results 

Thus, in this study, Insight structural recognition and 
binding pattern analysis of HMG-CoA reductase with 
drugs like exemestane, anastrozole, and letrozole have been 
conducted to explore the therapeutic use of these drugs to 
control the ovarian and breast cancers. Recently published 
reports have shown that exploration of therapeutics uses 
of established drugs have been accelerated. Similarly, 
explorations of therapeutics use of these drugs conducted 
in this study, have shown the significant binding affinities 
with enzyme HMG-CoA. Among the studied drugs the 
exemestane has showed the maximum negative binding 
energy -8.74 kcal/mol Figure 1b; Table 1. The enzyme 
ligand interaction was facilitated by hydrogen bond 
observed at A:ASN658:HD21-:UNK1:O6H position and 
observed bond distance was 1.97513 Å. The hydrophobic 
binding interaction also observed with the involved Met 
655, Gly656, Met657, Asn658, Met659, Tyr761, Gln766, 
Asp767, Gln770, Glu801, Ile802, Gly803, Thr804, Val 
l805, Gly80, Gly807, Gly808, Thr809 amino acids. The 
observed values for inhibition constant is 395.14 nM. 

Figure 1. 3D Graphics Showing (a) Ana (b) exe and (c) Let (shown in green stick pattern) Interaction with HMG 
receptor Amino acid Residues (shown by surrounded stick pattern) Involved in Hydrophobic Interaction. Blue 
dotted lines showing hydrogen bonds and length in Angstrom. Graphics generated by Discovery Studio Visualizer. 
ana, anastrozole; exe, exemestane and let, letrozole. 
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Discussion

The drugs targeting the aromatase enzyme to inhibit 
the cholesterol synthesis could be target to HMG-CoA 
reductase to control the cholesterol synthesis and could 
be a hope for these as emerging inhibitor of HMG-
CoA reductase. Moreover, the mevalonate pathway 
linked with cholesterol, is thought to be a potential 
oncogenic pathway in the pathogenesis of ovarian 
cancer [6]. Molecular mechanism of the anti-cancer 
activity of cerivastatin, an inhibitor of HMG-CoA 
reductase, on aggressive human breast cancer cells [7]. 
HMG- CoA reductase, a 3-hydroxy-3-methyl-glutaryl-
CoA reductase is involved in synthesis of cholesterol. 
Cholesterol linked with mevalonate pathway which is 
reported to be a key oncogenic series of the reaction of 
the progression of ovarian cancer [7]. The use of statins in 
cancer was described in the early 1990s. The pro-apoptotic 
and anti-proliferative effects of statin have been well 
explored in many animal models and different types of 
cell lines. Many anti-tumorigenic drugs have been widely 
used as HMG-CoA reductase inhibitors to control 
cholesterol synthesis. HMG-CoA reductase involved in 
cellular proliferation, cell cycle regulation. The drugs 
like simvastatin inhibiting HMG-CoA reductase have 
been well reported to control cell proliferation, induced 
apoptosis and DNA damage as well as cell arrest at G1 
phase including inhibition of the mTOR and MAPK 
pathways to control ovarian cancers. The inhibition of this 
enzyme also decreases the level of cholesterol, low-density 
lipoprotein (LDL) and suppression of atherosclerotic 

plaque synthesis [25]. It has been earlier reported that 
many steroidal drugs inhibit the cholesterol synthesis [10]. 
The non-steroidal drugs like exemestane, anastrozole, 
and letrozole have replaced tamoxifen and become the 
choice of treatment for the estrogen receptor of the breast 
cancer [26]. 

These drugs already have also been used as a choice of 
breast cancer therapeutics. The interaction analyses from 
this study explore the therapeutic area of these drugs. 
The docking study represented a significant binding of 
these drugs with HMG-CoA reductase and could be 
used as a choice of drugs for the treatment of ovarian 
cancers, breast cancer and cardiovascular diseases. 
The results of this study indicated that these exemestanes 
has maximum binding energy which is followed by 
anastrozole and letrozole and could be used as inhibitors 
to control cholesterol mediated cancers. Recently, many 
natural compounds and their in silico inhibitory binding 
interaction with HMG-CoA reductase has been described 
[27-28]. Moreover, small-molecules like rottlerin and 
Statin were reported as HMG-CoA reductase inhibitors 
to prevent metastasis and progression of colon cancer 
via MACC1 [29]. The concentration and time-dependent 
anticancer effect of lovastatin, mevastatin, and rottlerin 
were reported due to suppression of MACC1 mRNA and 
protein expression [29]. Moreover, it also was described as 
the anticancer potentiality of HMG-CoA inhibitors [30].

Thus, based on above finding it is concluded that these 
drugs could be used as HMG-CoA reductase inhibitors 
and they could be a choice of drugs not only in the 

Table 1. Showing Docking Analysis of Anastrozole, Exemestane, Letrozole and Statin with HMG-CoA Reductase 
Enzyme
S.No Hydrogen Bond Hydrogen Bond 

Distance (Å)
Binding 
Energy

Inhibition 
Constant

Residues involved in 
Hydrophobic interaction

1. Anastrozole A:LYS691:HZ3 - :UNK0:N2
:UNK0:N3 - A:GLN766:O

:UNK0:H6 - A:MET655:SD
:UNK0:H16 - A:GLN766:OE1

:UNK0:H17 - A:GLU801:O

2.33883
2.90861
2.68592
1.9906
2.2311

-7.84 kcal/mol 13.93uM Cys526, Met655, Met657, 
Asp690, Lys691, Tyr761, 
Gly765, Gln766, Asp767, 
Gln770, Glu801, Ile802, 
Gly803, Gly806, Gly807, 

Gly808
2. Exemestane A:ASN658:HD21 - :UNK1:O6 1.97513 -8.74 kcal/mol 395.14 nM Met655, Gly656, Met657, 

Asn658, Met659, Tyr761, 
Gln766, Asp767, Gln770, 
Glu801, Ile802, Gly803, 
Thr804, Val805, Gly80, 

Gly807, Gly808, Thr809
3. Let A:MET655:HN - :UNK0:N2

:UNK0:H1 - A:GLY765:O
:UNK0:H2 - A:ASP690:OD2

:UNK0:C14 - A:GLN766:OE1
:UNK0:C14 - A:GLY803:O

:UNK0:C14 - A:THR809:OG1

2.82966
2.10095
1.72832
3.71849
3.65332
3.68008

-6.66 kcal/mol 108.27 uM Cys526, Arg590, Met655, 
Met657, Asp690, Lys691, 
Gly765, Gln766, Asp767, 
Gln770, Gly803, Val805, 

Gly807, Gly808, Thr809

Control
Statin A:ASN658:HD21 - :UNK0:O3

:UNK0:H2 - A:GLY803:O
:UNK0:H2 - A:THR809:OG1

A:ILE802:CA - :UNK0:O4
A:GLY807:CA - :UNK0:O

2.23592
3.00617
1.87243
3.38298
3.66334

-7.16 kcal/mol 5.63 uM Cys526, Met655, Gly656, 
Met657, Asn658, Gly765, 
Gln766, Asp767, Gln770, 
Glu801, Ile802, Gly803, 
Thr804, Val805, Gly806, 

Gly807, Gly808, Thr809
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Figure 2. 2D Graphics Showing (a) Ana (b) Exe and (c) Let (shown in green stick pattern in the middle) Interaction 
with HMG Receptor Amino acid Residues (shown by surrounded round shaped pattern) Involved in Different Types of 
Molecular Interaction. Graphics Generated by Discovery Studio Visualizer. ana, anastrozole; exe, exemestane and let, 
letrozole.

Figure 3. 3D Graphics Showing (a) Ana (b) Exe and (c) Let (shown in green stick pattern) Interaction with HMG 
Receptor Pocket. Blue Dotted Lines Showing Hydrogen Bonds and Length in Angstrom. Graphics Generated by 
Discovery Studio Visualizer. ana, anastrozole; exe, exemestane and let, letrozole.

Figure 4 a-b. 3D Graphics Showing Statin Interaction (shown in green stick pattern) Interaction with HMG Receptor 
Amino acid Residues (shown by surrounded stick pattern) Involved in Hydrophobic Interaction. Blue Dotted Lines 
Showing Hydrogen Bonds and Length in Angstrom. c, Statin Interaction with HMG-COA Reductase Pocket, Graphics 
Generated by Discovery Studio Visualizer.
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treatment of breast cancers but also in the management 
of colon cancer, ovarian cancers, brain tumors, pancreatic 
cancer, castration-resistant prostate cancer, lung cancer 
like those cancers where cholesterol play a significant 
role in the progression of cancers. Moreover, they 
also have been reported to increase the synthesis of 
proapoptotic protein Bax but decrease antiapoptotic 
protein Bcl-2 synthesis [31-33]. Thus, these drugs in a 
combination of meclofenamic acid and simvastatin could 
be a significant strategy for the treatment of cancers 
including castration-resistant prostate cancer.

In conclusion, this is the first study exploring the 
new target of drugs for the treatment of cancers and 
these drugs could be an alternative choice to inhibit 
HMG-CoA reductase and their use in cancer patients 
especially to the patient with cardio vascular complication. 
HMG-CoA reductase inhibitors play a significant 
role in the management of cardiac diseases. Statins 
are some of the most widely used medications in the 
world with significant input for primary and secondary 
prevention of cardiovascular diseases. The anticancer 
properties of these drugs have also been suggested and 
are attracting increasing interest among the biomedical 
society. Although, these drugs are safely used to manage 
these disease but due to short elimination, fast achieving 
concentration and low systemic bioavailability of these 
molecules make an need to search new cheap and potential 
anticancer molecules. On the whole, this in silico study 
suggest that exemestane, anastrozole and letrozole could 
be used as HMG-CoA inhibitors and might be promising 
potential cancer therapeutic, given a hope for fast clinical 
translation.

Thus, these studies molecules are well tested molecules 
and their in vitro-in vivo exploration will be helpful for 
the management of many types of cancers. Further 
investigations are needed for an advanced clarification of 
the antitumor potential of statins (including particular 
cancer type (s), dosage and type of statin, treatment 
schedule and biomarkers to predict patient’s sensitivity 
to this class of medications, etc.
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