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ABSTRACT:
Estrogen receptors (ER) are overexpressed in human breast cancers and associated with differentiated tumors with a
more favorable prognosis. Paradoxically, these receptors mediate the mitogenic action of estrogens in human breast
cancer cells and the efficacy of antiestrogens in adjuvant therapy of primary tumors. The mode of action of
overexpression.Estrogen receptors (ER) protein plays a critical role for causing the breast cancer. The exact
mechanism underlying the ER protection against cancer progression to metastasis remains to be investigated. Here
in this study we show that Pharmacophores of Diethylstilbestrol and other four drugs molecules were designed and
screened. The main objective of this study is to design a New scaffold to block the estrogen receptor through
‘Molecular Docking approach’ by using the In silico tools. Further, Chemical Diversity and ADME screening are
also desired which increase our ability to predict and model the most relevant pharmacokinetic and metabolic
endpoints, thereby accelerating the drug discovery process.
Keywords: Estrogen Receptor, Docking, Breast Cancer, chemical diversity etc.

INTRODUCTION
Breast cancer is the most frequent malignancy
diagnosed in women in western countries and
estrogen receptor (ER) is overexpressed in about
two thirds of breast tumors. Estrogens are the
major sex steroid hormones involved in the
development of normal mammary gland and in
the etiology of human breast cancer. The
promoter role of estrogens in breast cancer has
been evidenced by epidemiological studies
indicating an increased incidence in women with
prolonged exposure to estrogens and a drastic

decrease of incidence in women having non
functional ovaries [1].The cancerous cells which
have the estrogen receptor on their surface are
thus called as estrogen receptor-positive cancer
or ER-positive cancer. The proteomics of
estrogen receptor signifies that it is of two
different forms, which is usually referred to as α
and β5. These are encoded by two different genes
ESR1 and ESR2 which are present on the sixth
and fourteenth chromosomes respectively. The
ERα protein is expressed in the breast cancer
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cells, endometrial, and epithelium of efferent
ducts. The expression of the ERβ is found in
kidney, brain, bone, prostate, heart, lungs, and
endothelial cells [2]. The binding and the
functional selectivity of the ER helix with 12
domains play a vital role in the determination of
the binding interactions with co activators and co
repressors along with the effect of the ligand on
their respective agonists and antagonists[3].
Estrogens play key roles in development and
maintenance of normal sexual and reproductive
function. In addition, in both men and women
they exert a vast range of biological effects in the
cardiovascular, musculoskeletal, immune, and
central nervous systems [4]. The most potent
estrogen produced in the body is 17β-estradiol
(E2). Estrogens, such as 17-β estradiol (E2) in
human, are steroidal sex hormones that are
synthesized from cholesterol and primarily
secreted by the ovaries. They play a major role in
the development and maintenance of the
reproductive tract as well as in the development
of the mammary glands. Estrogens also maintain
bone density and reduce cardiovascular system
by regulating cholesterol levels and influence
some brain structures However, besides their
physiological functions, estrogens are also
involved in the development and progression of
breast and the uterus cancers and can maintain
tumor cell proliferation [5, 6].Estrogens are
steroid hormones that regulate growth,
differentiation, and function in a broad range of
target tissues in the human body. The most
potent and dominant estrogen in humans is 17βestradiol, but lower levels of the estrogens
estrogen and estriol are also present. The
biological effects of estrogens are mediated
through estrogen receptor (ER) α and β, which
are members of a large super family of nuclear
receptors. These receptors act as ligand activated
transcription factors. The classical mechanism of
ER action involves estrogen binding to receptors
in the nucleus, after which the receptors dimerize
and bind to specific response elements known as
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estrogen response elements (EREs) located in the
promoters of target genes [7]. Hormone binding
also induces a conformational change within the
ligand binding domain of the receptors, and this
conformational change allows coactivator
proteins to be recruited [8].Estrogen action is
primarily mediated by two types of estrogen
receptors (ERs), i.e. ER α and ER β. ERs are
members of the superfamily of nuclear receptors
[9,10]. ERs in the cell nucleus mediate

Fig: 1. Schematic Illustration of ER Signaling
Mechanisms

the effects of the ligand E2 by functioning as
transcriptional regulators that access various
target gene promoters either by directly binding
to specific estrogen response elements (EREs)
within the promoter or indirectly by interacting
with other transcriptional regulators bound to the
promoter. Further, several cases of ligandindependent activation of ERβ mediated by its
phosphorylation by various signaling pathways
have been reported [11]. Estrogens exert some of
their effects through the action of ERs on gene
expression, but a number of other effects of
estrogens are so rapid that they cannot depend on
the activation of RNA and protein synthesis.
These actions are known as nongenomic actions
and are believed to be mediated through
membrane associated ERs. The actions are
frequently associated with the activation of
various protein-kinase cascades [12].A number
of studies have shown that ERs can regulate
transcription without binding directly to DNA.
The receptors in such cases are tethered through
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protein-protein interactions to a transcription
factor complex that contacts the DNA, as
illustrated in [Figure-1]. ERs regulate by this
mechanism the expression of a large number of
estrogen-responsive genes that do not contain
EREs. The mechanism is commonly used by
members of the nuclear receptor superfamily and
is often referred to as transcriptional cross talk
[13].
Diethylstilbestrol (DES,
former BAN stilboestrol)
is
a
synthetic
nonsteroidal estrogen that was first synthesized
in 1938 in [Figure-2]. It is also classified as an
endocrine disruptor. Human exposure to DES
occurred through diverse sources, such as dietary
ingestion from supplemented cattle feed and
medical treatment for certain conditions,
including breast and prostate cancers. From
about 1940 to 1970, DES was given to pregnant
women in the mistaken belief it would reduce the
risk of pregnancy complications and losses. In
1971, DES was shown to cause a rare vaginal
tumor in girls and women who had been exposed
to this drug in utero. The United States Food and
Drug Administration subsequently withdrew
DES from use in pregnant women. Follow-up
studies have indicated DES also has the potential
to cause a variety of significant adverse medical
complications during the lifetimes of those
exposed [14].

In this present studies, the new scaffold were
designed using diethylstilbestrol derivatives of
the, Raloxifene, Tamoxifen, Abiraterone,s
Exemestane,
and
Diethylstilbestrol drug
molecules.
1)Raloxifene: Raloxifene is an oral selective
estrogen receptor modulator (SERM) that has
estrogenic actions on bone and anti-estrogenic
actions on the uterus and breast. It is used in the
prevention of osteoporosis in postmenopausal
women.
2)Tamoxifen: Tamoxifen is an antagonist of the
estrogen receptor in breast tissue via its active
metabolite, hydroxytamoxifen. In other tissues
such as the endometrium, it behaves as an
agonist, and thus may be characterized as a
mixed agonist/antagonist. Tamoxifen is the usual
endocrine (anti-estrogen) therapy for hormone
receptor-positive breast cancer in premenopausal women, and is also a standard in
post-menopausal women although aromatase
inhibitors are also frequently used in that
setting.(y4)
3)Abiraterone: Abiraterone is a drug used in
castration-resistant prostate cancer (formerly
hormone-resistant or hormone-refractory prostate
cancer) -- i.e., prostate cancer not responding to
androgen deprivation or treatment with
antiandrogens.
4)Exemestane: Exemestane is a drug used to
treat breast cancer. It is a member of the class of
drugs known as aromatase inhibitors. Some
breast cancers require estrogen to grow. Those
cancers have estrogen receptors (ERs), and are
called ER-positive. They may also be called
estrogen-responsive, hormonally-responsive, or
hormone-receptor-positive.
5)Diethylstilbestrol: Diethylstilbestrol is a
synthetic nonsteroidal estrogen. It is also
classified as an endocrine disruptor. Human
exposure to DES occurred through diverse
sources, such as dietary ingestion from
supplemented cattle feed and medical treatment

Fig: 2. Structure of Diethylstilbestrol
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for certain conditions, including breast and
prostate cancers.
MATERIALS AND METHODS
Selection of Target Protein and its Structure
Preparation:
The Estrogen receptor protein (PDB ID: 1S9P)
was downloaded from RCSB PDB database.
Protein Data Bank (PDB) is a repository of 3-D
structural data of bio macromolecules. The
structure of crystal structure of the ligand –
binding domain of the estrogen-related receptor
gamma in complex with diethylstilbestrol which
shown in [Figure-3].
Screening of Novel Compound using
PharmaGist:The five drug molecules Raloxifene(CID 5035),
Tamoxifen(CID 2733526), Abiraterone(CID
5035),
Exemestane(CID
132971)
and
Diethylstilbestrol (CID 60198) were obtained
from PubChem in SDF format and converted into
.mol2 format using Marvin Sketch and uploaded
in
PharmaGist to obtain pharmacophores.
PharmaGist is a free web server for detecting
pharmacophores which are the spatial
arrangement of features that enables a molecule
to interact with a specific target receptor. The
candidate pharmacophores were computed by
multiple flexible alignments of the input ligands.
Selection
of
Novel
Scaffold
Using
ZINCPharmer
All aligned drug molecules which were retrieved
by PharmaGist were loaded through Load
Features caption in ZINCPharmer. It is an online
interface for searching the purchasable
compounds of the ZINC database using the
Pharmer pharmacophore search technology.
ZINCPharmer is capable of automatically
extracting a pharmacophore from an interaction.
This can be done by editing the properties of the
query or by applying filters to the results like
Max. Hits per Conf., Max. RMSD, Molecular
Weight, Rotatable Bonds. An orientation of a
conformer is only returned as a hit if all the
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matching features are within the specified search
tolerances of the query. From ZINCPHARMER,
185 hits were obtained out of which 95 hits were
unique.
Molecular Docking by Autodock 4.0
AutoDock uses one of several conformational
search algorithms to explore the conformational
states of a flexible ligand, using the maps
generated by AutoGrid to evaluate the ligandprotein interaction at each point in the docking
simulation. For proper interaction of ligand with
the target molecule requires identification of
active sites. The active site of the target was
obtained using PDBsum from EBI. From
LigPlot, active sites residues were found to be
HIS434 and GLU275.The coordinates of the grid
box used were (52.765, 37.287, 54.176), since it
contains the active site. The 96 molecules (95
Hits and Diethylstilbestrol molecules) were
docked in estrogen receptor (PDB Id 1S9P) using
AutoDock4 software. After analyzing the
docking of these 96 molecules, only 41
molecules were docked at proper active site.
Screening of Diverse Compounds Using
Knime:Knime software is used for finding chemical
diversity of drug molecules using Pubchem
Substructure fingerprint. These fingerprints are
used by PubChem for similarity neighboring and
similarity searching. A substructure is a fragment
of a chemical structure. A fingerprint is an
ordered list of binary (1/0) bits. Each bit
represents a Boolean determination of, or test for,
the presence of, for example, an element count, a
type of ring system, atom pairing, atom
environment (nearest neighbors), etc., in a
chemical structure. The diversity of the grouped
and ungrouped hit lists was measured by
pairwise Tanimoto distance which is a method of
classification based on a similarity ratio, and
derived distance function.
The 41 molecules obtained after docking were
screened for chemical diversity using Knime.
Out of these, only 15 molecules showed the
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chemical diversity with 3 drug molecules
Abiraterone, Exemestane, and Diethylstilbestrol.
Screening ADME Properties using RAASI
Software
ADME , which are major parts of
pharmacokinetics. These four criteria all
influence the drug levels and kinetics of drug
exposure to the tissues and hence influence the
performance and pharmacological activity of the
compound as a drug. RAASI software was used
to predict the ADME properties of all docked
molecules. Out of 41 molecules screened, 30
molecules showed the ADME properties
following Lipinski’s “Rule of five”.
RESULTS AND DISCUSSIONS
Three molecules (Abiraterone, Exemestane, and
Diethylstilbestrol) which were aligned show
maximum features (10) using PharmaGist. 185
hits were obtained from ZINCPharmer which is
minimized by refining the query and becomes 95
hits. The 96 molecules were docked in estrogen
receptor having PDB Id 1S9P using AutoDock4

software. Out of 96 the 41 molecules were
docked at the active sites, showing hydrogen
bonds with active site residues HIS434 and
GLU275 in [Figure-4(a)].The ADME properties
of 41 docked molecules were determined using
RAASI software and only 30 molecules which
followed the Lipinski’s “Rule of Five” were
obtained. Diversity of 41 docked compounds
were screened using Knime software, in which
only 15 molecules show the chemical diversity.
Out of 15 molecules, 2 molecules show the
maximum diversity i.e. 76%, ZINC16158867
and ZINC16158868 in [Table-2].The binding
energy of the 41 drug molecules were tabulated
in the Table 3. Best docked molecules with its
lowest binding energy are Zinc71770281 and
Zinc71769806 [Figure-3(b)]. and which having
binding
energy of Zinc71770281
and
Zinc71769806 is -11.01 and -10.32. [Table-1]
among
between
these
two
ligands,
Zinc_71770281 had high affinity against the
target i.e. estrogen receptor.

Fig.3:-Crystal structure of lignad-binding domain of the estrogen-related gamma in complex with diethylstilbestrol
by Rasmol.
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Fig:4(a)

Fig:4(b)
Fig.4: (a) Ligplot showing active site and active site residues. (b) Molecule Zinc71770281 bound to active site
residues HIS 434 and GLU 275.
Sr.
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-0.3
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-0.08
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1

HIS434
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Table: 1. Autodock results showing the molecules having best binding energy
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Molecule

ZINC Database

Name

compound

Exemestane

Tanimoto

Diversity

ZINC16158867

0.248869

76%

ZINC16158868

0.248869

76%

Table 2. Knime results showing the best diverse molecules.

CONCLUSION
The binding interaction of the ligand-protein has
a significant role in the structural based drug
designing. This approach has been successful in
demonstrating
that
the
two
ligands
Zinc_71770281 and Zinc_71769806 showed
high binding affinity towards the protein,
estrogen receptor. Among these two ligands,
Zinc_71770281 had high affinity against the
target, estrogen receptor. Diversity of drug
molecules helps in finding the novel compound
which is an important aspect in drug discovery
field, two drug molecules shows 76% diversity
which may give a novel compound after
experimentation in lab. ADME prediction also
has a great opportunity for the development of
novel approaches and methodologies that will
increase the likelihood of survival of drug
candidates through the development process.
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