Cancer Therapy & Oncology

International Journal
ISSN: 2473-554X

JuniI:U)er

o ) BLISHERS
- J key to the Researchers

Research Article Cancer Ther Oncol Int |

Volume 25 Issue 1 - September 2023

DOI: 10.19080/CTOI.2023.25.556153 Copyright © All rights are reserved by Phani Kumar Reddy

Targeting Overexpressed Aromatase in
Estrogen Positive Human Cancers:
Isorottlerin Emerged as Potential Inhibitor of
Aromatase in Computational Docking and Dynamics
Simulation Study

Phani Kumar Reddy'*, Aruna Talatam?, Anuradha Vanam?®* and Rao Gollapudi*
!Internal Medicine, NRI Academy of Medical Sciences, Guntur-522503, India

2Pulmonary Medicine, NRI Academy of Medical Sciences, Guntur-522503, India

3Sri Venkateswara University, Tirupathi-517502, India

“The University of Kansas, Lawrence, Kansas-66045, USA

Submission: August 26, 2023 Published: September 08, 2023

*Corresponding author: Phani Kumar Reddy, Internal Medicine, NRI Academy of Medical Sciences, Guntur-522503, India

Abstract

Background: Aromatase enzyme activity is a key step in the biosynthesis of estrogens. Aromatase is a monooxygenase coded by gene CYP19A1
which catalysis myriad biological reactions associated with the biosynthesis of steroids. Over expression of aromatase is routinely observed in
estrogen-responsive breast cancer cells of postmenopausal women. Aromatase inhibitors such as anastrozole, exemestane and letrozole are
predominantly utilized to treat these hormone dependent breast cancers. However, drug resistance and side effects are commonly associated in
such treatments.

Objective: The present study investigates the inhibitory activity of isorottlerin (a novel Mallotus philippinensis derived flavanone) compared
against known aromatase kinase inhibitors, namely anastrozole, exemestane and letrozole.

Methods: Anastrozole, exemestane and letrozole together with isorottlerin were docked on human placenta aromatase. The 3D structure of
aromatase (PDB id: 3s7s) employed for docking studies using Autodock vina, MGL tools as well as molecular dynamic studies utilizing the iMOD
server.

Results: Computational studies revealed isorottlerin as a competitive aromatase kinase inhibitor compared against FDA approved drugs,
specifically anastrozole, exemestane and letrozole. In addition, docking studies results suggested that similar interactions in the binding site
of aromatase. The binding energies of docked anastrozole, exemestane, letrozole and isorottlerin complexes with aromatase kinase were -7.8,
-10.7,-8.4 and -11.0 kcal/mol, respectively. The docking results were supported through molecular simulation studies using the iMOD server.

Conclusion: The in silico docking simulations of anastrozole, exemestane, letrozole and isorottlerin suggested that isorottlerin is a competitive
inhibitor of aromatase kinase.
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Introduction
and therapeutics, cancer incidences and associated mortalities

Cancer is responsible for the majority of deaths and health . . . . .
continue to rise at an alarming rate [1]. Cancer occurs in various

ailments in humans. In 2020, approximately 19.3 million new body parts resulting in a variety of cancer types. In stage 4,

cancer metastasizes through angiogenesis to other body parts via
circulatory and lymphatic systems. In the USA, lung and bronchial

cancer cases were reported globally of which 10.0 million resulted
in cancer related deaths. Despite the advancement in diagnostics
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cancer mortalities are higher than any other cancer types [2]. In
2020, the number of cancer cases and mortalities were predicted

as illustrated in the following pie chart (Figure 1) (GLOBCAN
2020).
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Figure 1: Estimated number of cancer cases and mortalities in 2020 (GLOBCAN 2020).
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The prognosis of breast cancer is relatively poor once it
spreads to distant organs via metastasis. Metastatic breast
cancer cells obtain aggressive characteristics from the tumor
micro-environment through epithelial-mesenchymal transition
and epigenetic regulatory mechanisms. Cytochrome p450
19A1 (CYP19A1; EXC 1.14.1) is an aromatase produced within
endoplasmic reticulum by estrogen-secreting cells that converts
androgensto estrogens. Human placental aromatase coded by gene
CYP19A1 located in chromosome 15 is essential for aromatization
of androstenedione to estrone. In female populations, breast
cancer is the leading cause of death. In healthy women, estrogen
is primarily secreted not only in ovaries but also in breast, bone,
skin and adipose tissues. However, post-menopause, estrogen
is produced primarily in breast tissue. In addition, around 60%
of pre- menopausal and 75% of post-menopausal cancers are
estrogen dependent. The transformation process of estrogen
biosynthesis comprises hydroxylation of androgens 19-metyl
group followed by concurrent elimination of the methyl group
which resulted in the aromatization of the A-ring (Figure 2) [3].

The over expression of aromatase plays a vital role in the
development and progression of estrogen receptor alpha (ERa)
positive breast cancers ultimately acquiring “anoikis” resistance.
To prevent metastasis, cells normally experience a form of
apoptosis known as “anoikis”, a form of cell death as a result of
loss of contact with the extracellular matrix or adjacent cells.
Nevertheless, cancer cells develop “anoikis” resistance to survive
after disengaging from the primary locations and migrating
through the circulatory and lymphatic systems that distribute
throughout the body leading to metastasis [4]. Estrogens
overexpression promotes cancer cell growth, proliferation,
metastasis, and recurrence of hormonal dependent breast
cancers. Therefore, reduction of estrogen levels through catalytic
aromatase inhibition is effective in breast cancer management.
In the early 1970s, the most successful breast cancer treatment
involved the discovery of drugs targeting estrogen signalling
pathways [5]. Increased aromatase activity is generally influenced
by age, alcohol consumption, obesity, as well as gonadotropin and
insulin concentrations. In males, sudden bursts in testosterone
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levels contributed towards increased aromatase activity. The
reduction of estrogen levels in males is a potential treatment for
myriad of disorders including andropause, gynecomastia and
pubertas praecox [6]. Furthermore, over expression of aromatase
had also been noticed in hepatitis and hepatocellular carcinomas
[7]. Multiple studies implicated that aromatase inhibitors are
superior to anti-estrogens in the treatment of breast cancers [8].
A plethora of drugs in treatment of estrogen receptor-positive
breast cancer commonly interfere with either estrogen production
or estrogen action [9]. At present, third generation non-steroidal

aromatase inhibitors like anastrozole and letrozole are utilized
in the treatment of post-menopausal breast and ovarian cancers
[10]. In addition, the steroid, exemenstane is used to irreversibly
bind to the aromatase enzyme and thereby inhibiting the enzyme
activity [11]. Nonetheless, the side effects of non-steroidal
drugs, anastrozole and letrozole include joint and muscle pain,
menopausal symptoms, depression, sleeplessness, osteoporosis,
high cholesterol, carpal tunnel syndrome, blood clots and fatigue
[12,13]. Therefore, there is an increased demand for discovery of
potent and novel aromatase inhibitors with reduced side effects.

s a\
OH OH
oo Aromatase
-
eo -HCO2H
o HO
Testosterone Esztradiol
Figure 2: The conversion of testosterone to estradiol by aromatase enzyme.
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The plant species, Mallotus philippinensis (Family: costs. The leading hits should not disobey more than one criterion
Euporbiaceae) is a rich source of natural compounds which as defined by the Lipinski’s “rule of five”. These rules include
includes cardenolides, coumarins, diterpenoids, flavonoids, molecular weight (no greater than 500 Daltons or g/mol),
isocoumarins, phenols, steroids, and triterpenoids. The octanol-water partition coefficient (Logp of 5 or less), hydrogen

flavanones isolated from M. philippinensis such as isorottlerin,
kamalachalcone A, kamalachalcone B, mallotophilippinen A-E
and rottlerin exhibited antimicrobial, antioxidant, antiviral,
anti-inflammatory, cytotoxicity, immuno-regulatory protein
inhibition activity against variety of cancer cells [14-17]. A novel
flavanone, isorottlerin with a distinctive ring system resulted by
dimerization between a dimethylchromene ring and a phenoxyl
group was isolated from kamala dye (M. philippinensis) [18].
In the present investigation, M. philippinensis flavonoids;
isoallorottlerin, isorottlerin, kamalachalcone A, kamalachalcone
B, mallotophilippen A-E and rottlerin (Figure 3) were investigated
by molecular docking studies to establish their inhibitory potency
against aromatase enzyme activity.

The resultant data was compared against approved aromatase
inhibitor drugs, namely anastrozole, letrozole, and exemestane
(co-crystallized with aromatase enzyme) (Figure 4). Subsequently,
the most effective inhibitor, isorottlerin was subjected to
molecular dynamic simulation studies along with exemestane to
further support the results of the molecular docking observations.

Materials and Methods
Lipinski’s rule of five

At the initial stages of drug discovery, the evaluation of drug-
likeness of lead molecules abets in decreasing the operational
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bond donors (5 or less) and acceptors (10 or less). The drug-
likeliness tool software (DruLiTo) was used to determine the
physicochemical characteristics of isoallorottlerin, isorottlerin,
kamalachalcone A, kamalachalcone B, mallotophilippen A-E
and rottlerin including anastrozole, and letrozole along with
co-crystallized ligand, exemenstane (RCSB PDB ID: 3s7s) [19].
Nonetheless, Lipinski’s rule of five does not apply to the substrates
of biological transporters or natural products. Certain high-
profile drugs such as lipitor and singulair fail more than one of the
Lipinski’s rules. Besides, the mean molecular properties of new
pharmacological compounds are still credited Lipinski compliant
although their property distributions are distant from historical
standards. Hence, widely used rules for new drug discovery do
not have to comply with Lipinski’s rule of five [20].

Receptor protein preparation

The X-ray diffraction crystal structure of aromatase domain
and co-crystalized ligand complex (PDB ID: 3s7s) with 2.75 A
resolution was retrieved from RCSB protein data bank. The protein
structure of aromatase in complex with ligand and co-crystallized
water contributed for elevated resolution and stability of protein.
Therefore, water molecules and ligand were removed using
Discovery Studio software, 2021 retaining chain A of aromatase
for docking study.
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Figure 3: Structures of isoallorottlerin, isorottlerin (blue), kamalachalcone A, kamalachalcone B, mallotophilippen A-E and rottlerin.
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Ligands and target preparations

Thetwo-dimensionalstructuresofisoallorottlerin,isorottlerin,
kamalachalcone A, kamalachalcone B, mallotophilippen A-E,
rottlerin, anastrozole, and letrozole were designed with the help
of ChemDraw 21.0 and later converted to 3D structure using
Chem3D 21.0 software. The 3D structure of exemestane was
extracted from the aromatase co-crystalized ligand complex (PDB
ID: 3s7s).

Docking between aromatase kinase and ligands

Molecular docking studies were achieved with the help of
AutoDock 4.6.2 software to generate PDBQT files of ligands and

aromatase kinase from PDB files. The Kollman partial charges were
allocated to each specific atom of the protein for PDBQT format
whereas Geister charges were assigned to ligands. Molecular
docking of ligands with aromatase kinase was performed using
Autodock Vina 1.1.2 (Windows) to explore the best sites for
receptor-ligand bonding and to establish the most stable free

energy of the receptor-ligand complex.

The 3D grid box with X=25, Y=25 and Z=25 dimensions
containing a grid box center with x=86.012, y=54.602 and
z=46.539 coordinates were used to cover the active binding site of
the receptor molecule. These parameters were used to generate
a configuration file for grid mapping and docking for Autodock
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Vina study. An independent run was conducted for each ligand
and each apparent conformer was docked in a randomized order
into the binding pocket of aromatase kinase. The data obtained
for each docked receptor ligand complex was analyzed [21].
Subsequently, LigPlot+ v.4.5.3 software was employed to compute
the number of hydrophobic and hydrogen bonds between ligands
and aromatase kinase complexes at the binding site. The type and
number of amino acids that are in the binding site were identified
by LigPlot + 4.5.3 software [22].

Molecular dynamics simulation study

The iMOD software and server (iMODS) generates Molecular
Dynamic (MD) simulations to conduct Normal Mode Analysis
(NMA) in internal coordinates (IC) on protein atomic structures
to reconstruct the collective functional motions of biological
macromolecules. The iMOD server allows the generation of
feasible transition pathways between two homologous molecular
structures. The specific internal coordination increases the
efficacy of normal mode analysis (NMA) while extending its
application and simultaneously maintaining stereochemistry.

Vibrational analysis, motion animations as well as morphing

trajectories can be accomplished at different resolutions. In this
framework, iMOD offers progressive visualization capabilities for
depicting collective motions and an improved affine-model-based
arrow depiction of domain dynamics. The resulting all-heavy-
atoms confirmations are applicable for more advanced modeling
that utilizes structural flexibility. The binding effects of ligands
on aromatase kinase were estimated basing on conformational
stability of protein/ligand complex interactions with NMA
using iMOD server. During this time, several properties such as
deformability and eigenvalues of protein/ligand interactions,
variance, covariance and elastic factors were considered [23,24].

Results
Lipinski’s rule of five for ligands

The drug likeliness tool software (DruLiTo) was utilized to
evaluate the physicochemical features of the molecular weight,
Logp, H-donors and H acceptors of isoallorottlerin, isorottlerin,
isorottlerin, kamalaflavanone B, mallotophilippen A-E, rottlerin,
anastrozole and letrozole along with the co-crystallized ligand
exemestane with aromatase kinase (RCSB PDB ID: 3s7s) (Table 1).

Table 1: Lipinski rule of five for ligands. The FDA approved drugs are displayed in italics.

e Ve Mol. Wt Logp H-Donors H-Acceptors
(£500) (=5) (£5) (=10)
[soallorottlerin 518.55 435 5 8
Isorottlerin 516.18 3.719 4 8
Isorottlerin 656.76 8.084 3 7
Kamalaflavanone B 836.92 8.953 6 11
Mallotophilippen A 498.23 4.673 5 8
Mallotophilippen B 470.19 4.127 5 8
Mallotophilippen C 476.23 6.39 3 5
Mallotophilippen D 492.25 6.527 4 6
Mallotophilippen E 490.24 6.229 4 6
Rottlerin 528.21 5.304 3 7
Anastrozole 293.16 1.244 0 5
Exemestane 296.18 3.819 0 2
Letrozole 285.1 -0.195 0 5
Docking study Isorottlerin formed four hydrogen bonds at Arg115 (2.82 Ao),

The anastrozole, exemestane and letrozole, along with
naturally isoallorottlerin,
isorottlerin, isorottlerin, kamalachalcone A, kamalaflavanone B,
mallotophilippen A-E, rottlerin docked with aromatase are listed
in Table 2.

eleven occurring flavanonoids:

The results from molecular docking of isorottlerin with
aromatase kinase were used to reveal the best sites for the
interactions of ligand to receptor in addition to specify the most
stable free energy of ligand/receptor along with exemestane.
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Arg145 (3.19 Ao), Thr 310 (2.00 Ao) and Arg435 (2.74 Ao) as well
as hydrophobic interactions at 1le133, Phe148, Glu302, Met303,
Ala306, Ala307, Thr310, Met311, Met364, Val370, Leu372,
Pro429, Ala438, Phe430, Gly436, Cys437, Ala443, Met446, amino
acid residues of aromatase kinase. Nonetheless, exemestane
formed two hydrogen bonds at Argl15 (2.80 Ao) and Met374
(2.80 Ao) as well as hydrophobic interactions Ile133, Phe221,
Trp224, Ala306, Asp309, Thr310, Val370, Leu372, Val373 and
Leu477 amino acid residues of aromatase kinase (Figure 5).
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Figure 4: Structures of anastrozole, exemestane and letrozole.
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Molecular Dynamic Simulation study

The stability of each protein-ligand complex was assessed
through Molecular Dynamic (MD) simulations utilizing iMOD
software and server (iMODS) to conduct NMA in internal
coordinates (IC) on protein atomic structure of aromatase.
Comparative analysis of the aromatase-ligand complexes
suggested that isorottlerin displayed equally good data analogous
to those of exemestane. Specifically, the Deformability (A),
B-factor (B), Eigenvalue (C), and Variance (D) plots for each
complex were almost identical to one another. In addition, the

binding interactions of isorottlerin and exemestane induced
almost identical changes within the aromatase kinase receptor,
as evidenced by the fact that the covariance maps (E) and elastic
network models (F) for each complex were indistinguishable from
one another. The molecular dynamics simulation data generated
by the external iMOD server for Deformability (A), B-factor (B),
Eigenvalue (C), Variance (D) plots; Covariance map (E) and Elastic
network model (F) of aromatase -isorottlerin and aromatase-
exemestane complexes are presented in Figure 6. Exemestane
(Left) vs Isorottlerin (Right) (No deviation observed in data)
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Figure 6: Exemestane-aromatase (Left) and Isorottlerin-aromatase (Right) complexes: Deformability (A), B-factor (B), Eigenvalue (C),
Variance (D), Covariance map (E) and Elastic network model (F).
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Table 2: Ligands and aromatase kinase binding energies, inhibitory constants and hydrogen bonds. Isorottlerin is displayed in bold representing highest

binding energy. The FDA approved drugs are displayed in italics.

Ligand Name Bing(igagliﬁzggies Inhibitor Constant Lidioesniionds
Isoallorottlerin -10.3 24.36 nM (nanomolar) Thr310
Isorottlerin -11.0 1.80 nM (nanomolar) Argl15, Arg145, Thr310, Arg435
Kamalachalcone-A -5.8 12.85 nM Argl15, Arg435
Kamalachalcone-B -4.8 7.82 nM Pro429, Phe430,
Mallotophilippen-A -9.5 74.34 nM Cys437, Ala438
Mallotophilippen-B -9.0 411.33nM Argl115, Thr310
Mallotophilippen-C -10.5 6.85 nM Argl15
Mallotophilippen-D -10.5 23.46 nM Argl15
Mallotophilippen-E -9.9 32.24 nM Argl15
Rottlerin -9.9 9.09 nM Leu372, Met374
Anastrozole -7.8 2.32 uM Ala306, Thr310,
Exemestane -10.7 61.64 nM Arg115, Met374
Letrozole -8.4 945.95 nM -

mM = Micro-molar; nM = Nano-molar; pM= Pico-molar
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Figure 7: Anastrozole (red), exemestane (yellow), letrozole(blue) and isorottlerin (green), in the active binding site of.
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Discussion is less estrogen present to induce further ER+ breast cancer cell

Aromatase inhibitors can reduce the over production of
estrogen in the body. Estrogen receptor positive (ER+) breast
cancers utilize estrogen for cell proliferation. Prior to the
menopause (pre-menopause), estrogen is predominantly
produced in the ovaries. The ovaries cease estrogen production
after the menopause (post-menopause). However, small quantities
of estrogen are still produced in adipose tissues with the aid of
the aromatase enzyme. As such, aromatase inhibitors prevent

the aromatase enzyme from generating estrogen and thus there

proliferation [25]. The over expression of aromatase plays a vital
role in the development and progression of “anoikis” resistant
ERa breast cancers. Numerous FDA approved reversible non-
steroidal (anastrozole and letrozole) and irreversible steroidal
(exemestane) aromatase kinase inhibitors induce promising in
vitro as well as in vivo anticancer activities against a variety of
cancertypes[26]. The currentstudy revealed thatamongthese FDA
approved therapeutics, exemestane (-10.7 kcal/mol) produced
the greatest binding energy in complex with the aromatase kinase
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enzyme. Furthermore, in silico studies found that isorottlerin
produced even greater binding energy (-11.0 kcal/mol) with
the aromatase enzyme. In this context, isorottlerin being a non-
steroidal aromatase inhibitor with higher binding energy might
be functioning as a reversible non-steroidal aromatase inhibitor.
The iMODS data revealed that both complexes exhibited almost
similar behaviour. Exemestane can produce a variety of negative
side effects such as arthralgias and myalgias, decreased libido, and
sleep disturbances [27]. Combined, these MD data generated by
external iMOD server strongly suggests that isorottlerin could be
a better alternative to exemestane. The interactions of anastrozole
(red), exemestane (yellow), letrozole (blue) and isorottlerin
(green), in the active binding site of aromatase kinase were
generated using Chimera as displayed in Figure 7.

Conclusion

Cancer is the second most common cause of death in the
United States, next to heart disease. Computational approaches
have been utilized for the discovery and development of new
drugs as multi-targeted inhibitors for diseases caused by a
variety of overexpressed proteins. The present study focused
on targeting the excessive aromatase kinase levels responsible
for uncontrolled cell growth in a plethora of cancers. Molecular
docking of aromatase kinase with a variety of inhibitors revealed
that isorottlerin-aromatase complex (11.0 kcal/mol,) produced a
higher binding energy compared to that of Exemestane-aromatase
(10.7 kcal/mol). Thus, isorottlerin exhibited significantly higher
binding affinity towards the active binding site of aromatase
kinase comparable to FDA approved orphan drug, Exemestane.
Therefore, isorottlerin could be a promising lead candidate helpful
in the treatment of aromatase kinase overexpressed cancer for
the prevention of cell cycle progression. Consequently, in vitro,
and in vivo evaluation of isorottlerin as a novel aromatase kinase
inhibitor is recommended.
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