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ABSTRACT

BRCA-1 and BRCA-2 is the breast cancer susceptible gene whose mutations cause genetic
variation in DNA reparation proteins which ultimately increase the risk of cancer. Many epidemiological
studies elicited that serum vitamin D concentration has strong association with immune system and
confer a protective role against cancer cell growth and progression. 1., 25-dihydroxyergocalciferol (L1)
and 1a, 25-dihydroxycholecalciferol (L2) are the active form of vitamin D, and D. In the present studly,
molecular docking and quantum chemical computations through DFT were performed to investigate
anticancer efficiency of 1a, 25-dihydroxyergocalciferol (L1) and 1a., 25-dihydroxycholecalciferol (L2)
against BRCA-1(PDB ID: 5xst) and BRCA-2 (PDB ID: 5d2r) proteins. Our findings were compared
with talazoparib, a reference drug. Blind docking revealed that both ligands show higher binding
affinity for BRCA-1 (5xst) protein than talazoparib. Hence, we suggest that vitamin D may serve as
a promising therapeutic candidate for the treatment of breast cancer.

Keywords: Breast cancer, 1a, 25-dihydroxyergocalciferol, 1a, 25-dihydroxycholecalciferol,
DFT, Molecular docking.

INTRODUCTION

Breast cancer, one of the most appeared
and progressive diagnosed malignant disease
in woman all over the world. It is the second
commencing reason of cancer related death
among woman. The invaded rate of breast cancer
is prevalent among woman aged 45-55 years'.
80%-woman age more than 50 years old and 40%
woman within 65 years old are more susceptible to

breast cancer?*. Incidence of breast cancer turn
doubled in 60/120 countries within 1990 and 2016
and mortality rate also become doubled in 43/102
countries®. Diverse internal and external factors
are responsible for the development and incidence
of breast cancer®?® like BRCA-1/2 mutations,
hormonal influence, menopause, heredity, age,
obesity, life style, oral contraceptives, vitamin D
deficiency, environmental and social-psychological
factors®'°. It has been reported that 5-10% breast
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cancer can be stimulated due to genetic mutations
and 20% to 30% of breast cancers are due to
various modifiable factors'.

Breast cancer gene BRCA-1 and BRCA-2
is tumor suppressor gene that play important role
in fundamental cellular processes like chromatin
reconstruction, transcription, cell cycle regulation
and DNA repair processes™. They exhibit their
tumor suppressor activity by interacting with
numerous DNA reparation proteins'>-'. More than
90% hereditary breast cancers are supposed to
occur owing to BRCA-1/2 mutation'. Mutation in
BRCA-1 and BRCA-2 proteins results development
of reparation-deficient cell'*. Hence cannot preserve
genetic stability which incite uncontrolled breast
epithelium cell proliferation and enhance the risk
for breast cancer'.

For breast cancer treatment diverse
clinical methods are available including surgery,
radiation, chemotherapy, hormone therapy and
immunotherapy'’. Several nutriment and vitamins
are accessible that can inhibit the mutation of
BRCA-1/2 protein by modifying and regulating
chromatin structure and gene evolution. Several
studies demonstrate that serum vitamin D
concentration has converse interrelation with the
incidence of breast cancer. Low extent of vitamin
D in blood serum associated with provoked risk of
various cancers including breast cancer. Contrarily,
high extent of vitamin D in blood serum associated
with reduced risk of various cancer growths'®.

Vitamin D is a fat-soluble steroidal hormone
and micronutrient that exist in two forms: D,
and D,. The active form of vitamin D, is 1a,
25-dihydroxyergocalciferol which is emanated
exogenously via diet and active form of vitamin D,
is 1a, 25-dihydroxycholecalciferol which produced
endogenously in skin followed by UV-B light
absorption in the form of sun light'®2°. Though
calcium and phosphate homeostasis regulation
is their main function'®, several in vivo and in vitro
studies demonstrates that active form of vitamin D has
significant inhibitory potency against breast cancer
growth?'. They exert their inhibitory potency via its
nuclear receptor, vitamin D receptor (VDR). Upon
ligand knotting, they not only activate diverse biological
responses like chromatin structure, transcription of
targeted gene but also, they flourish cell differentiation
and inhibit specific cell proliferation?'.
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In this study, we docked 1a, 25-dihydro-
xyergocalciferol and 1a, 25-dihydroxycholecalciferol
against breast cancer receptor proteins BRCA-1
and BRCA-2. Then we investigate the interactions
that occur between them and ascertain their binding
affinity. After that obtained results were compared
with a reference drug. For this, we take out targeted
proteins BRCA-1 (5xst) and BRCA-2 (5d2r)
from RCSB Protein Data Bank with most stable
configuration. We also performed quantum chemical
calculations through DFT. Within the framework of
DFT, we analyzed dipole moment, frontier molecular
orbitals, chemical reactivity descriptors and Mulliken
atomic charges and then predict their sites of
interaction, relative chemical reactivity and stability.

MATERIALS AND METHODS

All quantum mechanical calculations
were performed using the Gaussian 09W software
package?®. The 3D structures of the studied ligands
were constructed and visualized using Gauss View
6.0.16 software?®. Geometry optimization of the
studied ligands was accomplished in the framework
of DFT by using B3LYP method and 6-311+G(2d,p)
basis set®*?". After that, prepared ligands were
imported into the PyRx AutoDock Vina Wizard?®
software for molecular docking. Docking simulations
were performed to evaluate the binding affinity and
to explore the interactions between ligands and
targeted proteins BRCA-1 (5xst) and BRCA-2 (5d2r).
During docking simulations, protein macromolecules
were treated as rigid, while ligands were considered
flexible with rotatable bonds.

Fig. 1. Optimized structures of the studied ligands (L1and L2).
The color code for atoms: black for C, red for O and white for H
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Preparation of Proteins

The X-ray crystallographic structures of
breast cancer suppressor gene BRCA-1(5xst) and
BRCA-2 (5d2r) were accessed from the RCSB
Protein Data Bank at a structural resolution of 2.30
A and 1.90 A. To optimize the crystal structures
and to ensure the crystal structures of the targeted
proteins were in least energy Swiss-PDB viewer
software package (version 4.1.0) was used®. All
heteroatoms, water molecules and inhibitors of
the proteins are removed and missing hydrogen’s
is added to the protein structures to construct the
receptor for docking by using BIOVIA Discovery
Studio Visualizer version 21.1.0.20298%.

Molecular docking Studies

The docking analysis was performed
using PyRx virtual screening tool in the protocol of
Autodock Vina software. To execute docking proteins
and ligands are taken into PDBQT format. Receptor
grid box was place with such a measurement as it
encircled the entire protein, where the centre was X:
28.6842,Y:-15.1989, Z:-20.2053 and the dimensions
were X: 63.1249, Y: 54.2676 andZ: 71.8659 for
BRCA-1 (PDB ID: 5xst). For BRCA-2 (PDB ID: 5d2r),
the centre was X:-0.4808, Y: 32.2325, Z: 14.7683
and the dimensions were X:61.2031, Y: 65.8440 and
Z: 88.2615. The docking results were exposing as
binding affinity energy and binding affinity energies
were computed as negative scores in kcal/mol unit.
The 2D and 3D binding pose of the docked protein-
ligand complex were visualized by BIOVIA Discovery
Studio Visualizer version 21.1.0.20298%.

RESULTS AND DISCUSSION

Electric Dipole Moment

Density functional theory (DFT) is an
efficient quantum mechanical framework for driving
structure reactivity descriptors and to superintend
the interactions immersed between the protein-ligand
and drug-receptor®'. The dipole moment is a crucial
parameter that reflects the polarity of a molecule
and the distribution of electronic charge. It influences
molecular solubility, permeability, and potential
interactions with proteins®?%, The calculated dipole
moments of L1 and L2 (Table 1) suggest that both
compounds possess considerable polarity, which may
enhance their binding interactions with target proteins.

Frontier Molecular Orbitals and Chemical
Reactivity Descriptors
The energies of HOMO and LUMO are
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important parameters for predicting the chemical
reactivity of a compound. HOMO and LUMO energies
were computed using DFT (B3LYP/6-311+G(2d,p))
and results are incorporated in Table 1. lonization
potential (1), electron affinity (A), chemical hardness
(n), chemical softness (o), electronegativity (y),
chemical potential (), electrophilicity index () and
maximum charge transfer index (AN __) are the
important chemical reactivity descriptors which assist
to understand various aspects of chemical reactivity
and kinetic stability of a compound. The energy of
HOMO suggests the electron donating efficiency of
a molecule while the energies of LUMO suggest the
electron accepting competency of a molecule. These
parameters can therefore help ascertain which
molecular groups exhibit nucleophilic or electrophilic
character. The HOMO-LUMO energy gap for both
ligands is small, indicating higher chemical reactivity
and polarizability. lonization potential (I) and electron
affinity (A) are very important two parameters from
which we get information about how much energy
is release or absorbed during electron transfer in
a molecule. Both L1 and L2 show low ionization
potential, suggesting that they require less energy
for electron excitation, enhancing their potential
to interact with target proteins. Negative chemical
potential (u) and small electrophilicity index (w) of
the studied ligands indicates that both ligands act
as good nucleophile. The maximum charge transfer
index (AN, . ) for both ligands is also high, reflecting
a strong tendency for electron uptake that may
increase their binding affinity for the target proteins.
Table 1: Calculated total energy (joule), dipole moment

(C.m) and chemical reactivity descriptors (joule) of
the studied ligands (L1 and L2)

Parameters L1 L2

Etotal -5.752520x10"  -5.586466x10"°

Dipole moment 6.6232x10-%° 1.1583x102°
EHOMO (J) -8.97x10° -7.28x101°
ELUMO (J) -1.68x107° -1.85x107°
Energy gap 7.28x10™° 5.43x10"

Chemical reactivity descriptors

lonization potential (1) 8.97x107° 7.28x10°
Electron affinity (A) 1.68x10°1° 1.85x107"°
Chemical hardness (n) 3.65x10™ 2.72x10"°
Chemical softness (o) 1.82x10"° 1.36x10"°
Electronegativity (x) 5.33x10"° 4.56x107"°
Chemical potential (p) -5.33x107° -4.56x107°
Electrophilicity index (o) 3.89x107"° 3.82x10"°
Maximum charge transfer 2.33x107° 2.67x107

index (AN

)

l=-Eouo A=-E o n=>1-A)2,6=12n,y=(+A)2, p=
-(I+A)2, 0=p2/2nand AN __ =-u/m.
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Fig. 2. HOMO-LUMO plots and energy gap for ligand
L2 calculated at B3LYP/6-311+G(2d,p) level of DFT

Mulliken Atomic Charges

Mulliken atomic charge analysis was
conducted to identify the most reactive atomic sites
at the B3LYP/6-311+G (2d, p) level of DFT and
obtained results are tabulated in Table A1 (shown
in the supplemental material). For ligand L1 and L2,
the highest positive charges were found at C65 and
C63, indicating their susceptibility to nucleophilic
attack, while the most negative charges at C29
and C60 suggest favorable sites for electrophilic
interactions. These polar regions may influence the
ligand’s binding and biological activity.

Fig. 3. Atomic charge distribution in ligand L1

Fig. 4. Atomic charge distribution in ligand L2

Evaluation of Binding Affinity and Mode of
Interactions of the Studied Ligands

We performed molecular docking
simulations to score binding affinity and to explain
the mode of interaction between the studied
ligands and targeted proteins. Table 2 shows the
binding affinity (kcal/mol) of our ligands against
BRCA-1(5xst) and BRCA-2 (5d2r) receptor
proteins. The ligands targeting 5xst and 5d2r
receptor proteins showed binding affinities
of -7.7 to -7.8 kcal/mol and -6.7 to -8.1 kcal/
mol respectively. Both ligands exhibit strong
hydrogen bond and hydrophobic interactions
which promoted the nonbonding interactions and
made it stable inside the cavity. We also docked a
standard drug (talazoparib) against the targeted
proteins and outcomes were compared to the
investigated ligands. Relative to talazoparib,
the studied ligands established more favorable
interactions with 5xst amino acids and exhibited
potent inhibition with binding affinities of -7.7
and -7.8 kcal/mol. Non-bonding interactions
between the studied ligands and targeted
proteins shown in Fig. 5. L2 exhibited the
strongest binding affinity -7.8 kcal/mol for BRCA-
1 and -8.1 kcal/mol for BRCA-2, outperforming
the reference drug talazoparib. When L2 ligand
is docked with 5d2r, it forms hydrogen bond
between the hydrogen of hydroxyl group and
oxygen of LYS269, the hydrogen of hydroxyl
group and oxygen of GLY362. It also exhibits
some hydrophobic interactions with PRO282
and VAL 364 which assist to strengthening its
affinity for the corresponding protein. Ligand L2
also make stable complex with 5xst protein by
forming two hydrogen bonds with ARG217, four
hydrophobic interactions with LYS42, PRO220,
LEU108, and VAL112. Ligand L1 form complex
with 5xst and 5d2r proteins and possess
significant binding affinity with a docking
score of -7.7 and -6.7 kcal/mol. The hydrogen
bonding and hydrophobic interactions between
the ligands and proteins are depicted in Fig.
B1 (shown in the supplemental material). The
findings of blind docking studies demonstrated
that the above-mentioned ligands form stable
complex with the targeted proteins and may
cause significant resistibility against cancer cell
and cancer progression.
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Table 2: Docking results of the studied ligands and reference ligand against
BRCA-1(5xst) and BRCA-2 (5d2r) proteins
BRCA-1(5xst) BRCA-2 (5d2r)
Ligands Binding affinity Hydrogen bonds  Hydrophobic interaction Binding affinity ~Hydrogen bonds Hydrophobic
energy with residues energy interaction

(kcal/mol) (kcal/mol) with residues

L1 -7.7 A:ARG217:HN.-- A:LEU108-N: -6.7 A:VAL364:HN---O: A:LYS280 - N:
O:UNK1:N(2.33649) UNK1(4.03362) UNK1:N (1.97857) UNK1(5.47511)

N:UNK1:H---OD2: N:UNK1:H---O: A:PRO282 - N:

ASP105:A(2.73861) VAL364:A (2.59699)  UNK1(4.77641)

L2 -7.8 A:ARG217:HN.-- A:LYS42-N: -8.1 N:UNK1:H---O: A:PRO282-N:
O:UNK1:N(2.28436) UNK1(4.51738) GLY362:A (2.24056)  UNK1(3.78563)

N:UNK1:H---O: A:LEU108-N: N:UNK1:H---O: A:VAL364 - N:

ARG217:A(2.36075) UNK1(5.41316) LYS269:A (2.27319) UNK1 (4.388)

A:VAL112-N:
UNK1(5.39433)
A:PRO220-N:
UNK1(5.03229)

Talazoparib -7.5 A:HIS161:HD1--- N:UNK1-A: -8.1 A:GLY385:HN--N: A:PHE337-N:
LYS158(4.43363) UNK1:F(2.95396) UNK1 (4.76492)

N:UNK1:0(2.24739) N:UNK1-A: A:SER387:HG---N: N:UNK1-A: PRO

LYS158(3.91411) N:UNK1:H---A: 394(4.80583)

N:UNK1-A: GLU391:0(1.93717)  N:UNK1-A: ILE

LYS158(3.7077)

A:ASN382:HD21---N:

UNK1 (3.02661)

A:ASN382:HD21---N:

UNK1(2.98033)
N:UNK1:H---A:
HIS292(3.12935)

384(5.18524)

Ligands BRCA-1(5xst) BRCA-2 (5d2r)
Docked conformation 2D interaction diagrams between  Docked conformation 2D interaction diagrams between
amino acid residue and ligand amino acid residue and ligand
L1
L2
Talazoparib

Fig. 5. Visualization of docked conformation at the active site of BRCA-1
(5xst) and BRCA-2 (5d2r) proteins and their 2D interactions
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CONCLUSION

In this study, we employed molecular
docking and DFT-based analysis to investigate
the anticancer potential of vitamin D analogues
(L1 and L2) against BRCA-1 and BRCA-2 proteins.
To get information about relative chemical reactivity
and stability of ligands L1 and L2, we investigate
dipole moment, frontier molecular orbitals, chemical
reactivity descriptors and Mulliken atomic charges in
the framework of DFT utilizing B3LYP method with
6-311+G(2d,p) basis set. The data attained from
molecular docking study are compared with the FDA
approved drug talazoparib. Our findings suggest that
both ligands exhibit favorable electronic properties
and strong binding interactions, particularly L2.
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These results indicate the potential of these
compounds as anticancer agents, though further
experimental validation is necessary.
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