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Abstract

BACKGROUND

It is known that p53 suppression is an important marker of poor prognosis of
cancers, especially in solid tumors of the breast, lung, stomach, and esophagus;
liposarcomas, glioblastomas, and leukemias. Because p53 has mouse double
minute 2 (MDM?2) as its primary negative regulator, this molecular docking study
seeks to answer the following hypotheses: Is the interaction between DS-3032B

and MDM2 stable enough for this drug to be considered as a promising neoplastic
inhibitor?

AIM
To analyze, in silico, the chemical bonds between the antagonist DS-3032B and its
binding site in MDM2.

METHODS

For molecular docking simulations, the file containing structures of MDM2
(receptor) and the drug DS-3032B (ligand) were selected. The three-dimensional
structure of MDM2 was obtained from Protein Data Bank, and the one for DS-
3032B was obtained from PubChem database. The location and dimensions of the
Grid box was determined using AutoDock Tools software. In this case, the
dimensions of the Grid encompassed the entire receptor. The ligand DS-3032B
interacts with the MDM2 receptor in a physiological environment with pH 7.4;
thus, to simulate more reliably, its interaction was made with the calculation for
the prediction of its protonation state using the MarvinSketch® software. Both
ligands, with and without the protonation, were prepared for molecular docking
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using the AutoDock Tools software. This software detects the torsion points of the drug and
calculates the angle of the torsions. Molecular docking simulations were performed using the tools
of the AutoDock platform connected to the Vina software. The analyses of the amino acid residues
involved in the interactions between the receptor and the ligand as well as the twists of the ligand,
atoms involved in the interactions, and type, strength, and length of the interactions were
performed using the PyMol software (pymol.org/2) and Discovery Studio from BIOVIA®.

RESULTS

The global alignment indicated crystal structure 5SWK was more suitable for docking simulations
by presenting the p53 binding site. The three-dimensional structure 55WK for MDM2 was selected
from Protein Data Bank and the three-dimensional structure of DS-3032B was selected from
PubChem (Compound CID: 73297272; Milademetan). After molecular docking simulations, the
most stable conformer was selected for both protonated and non-protonated DS-3032B. The
interaction between MDM2 and DS-3032B occurs with high affinity; no significant difference was
observed in the affinity energies between the MDM2/pronated DS-3032B (-9.9 kcal/mol) and
MDM2/non-protonated DS-3032B conformers (-10.0 kcal/mol). Sixteen amino acid residues of
MDM2 are involved in chemical bonds with the protonated DS-3032B; these 16 residues of MDM2
belong to the p53 biding site region and provide high affinity to interaction and stability to drug-
protein complex.

CONCLUSION
Molecular docking indicated that DS-3032B antagonist binds to the same region of the p53 binding
site in the MDM2 with high affinity and stability, and this suggests therapeutic efficiency.

Key Words: DS-3032B; Mouse double minute 2 antagonist; Molecular docking; Tumor suppressor p53

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The knowledge, at the molecular level, of the complexes formed by therapeutic drugs and their
target in the body are relevant to understand the efficiency of the drug. These data can be provided, with
high reliability, by bioinformatics tools, which saves time in relation to in vitro and in vivo analyses. The
drug DS-3032B has been a potential candidate for oncogenic treatment in preclinical trials, but clinical
studies are scarce. This work shows data on chemical interactions between this drug and its target, mouse
double minute 2, that corroborate the preclinical data and demonstrate the stability of the therapeutic
complex.

Citation: da Mota VHS, Freire de Melo F, de Brito BB, Silva FAFD, Teixeira KN. Molecular docking of DS-
3032B, a mouse double minute 2 enzyme antagonist with potential for oncology treatment development. World J
Clin Oncol 2022; 13(6): 496-504

URL: https://www.wjgnet.com/2218-4333/full/v13/i6/496.htm

DOI: https://dx.doi.org/10.5306/wjco.v13.16.496

INTRODUCTION

Cancer is a genetic disease whose evolution leads to numerous changes in DNA. According to a survey
conducted by the International Agency for Research on Cancer in 2018, cancer was considered the
second leading cause of death in the world, affecting 18.1 million people and causing the death of 9.6
million people around the world[1]. For Brazil, the estimate for the triennium 2020-2022 predicts that
625000 new cases of cancer will occur[2].

While proto-oncogenes are genes responsible for the positive regulation of cell proliferation, tumor
suppressor genes are genes responsible for negative regulation; in other words, it inhibits cell
multiplication. An example of this class is the p53 gene, which is found mutated in about half of human
cancers[3]. p53 is a transcription factor activated by signs of stress, such as DNA damage, oncogenes
activation, and nutritional deprivation[4]; it also has an essential function in DNA damage repair and
antioxidant response regulation[5].

Therefore, overactivation of p53 is considered as an option for selective therapies against cancer,
providing a targeting of neoplastic cells and sparing unaffected normal tissue[6]. One proposed
treatment aims to inhibit tumor growth by activating the tumor suppressor protein p53 through
inhibition of the mouse double minute 2 (MDM2)[7].
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MDM2 is an E3 ubiquitin ligase enzyme that has a negative regulatory role of the tumor suppressor
p53. This enzyme controls transcriptional activity and stability of p53. MDM2 expression is regulated in
several tumors, resulting in loss of p53-dependent activities, such as apoptosis and cell cycle arrest[8].

p53 is targeted for degradation by the proteasome by MDM2. Through E3 ubiquitin ligase activity,
MDM2 promotes ubiquitination of p53, leading to increased p53 degradation. In some human tumors,
MDM2 has been shown to be abnormally upregulated leading to enhanced degradation and reduction
of p53 activity[9].

The molecule DS-3032B (Milademetan or RAIN-32) is an MDM2 antagonist that prevents its
interaction with p53. Clinical trials with DS-3032B have been conducted by the National Institute of
Health (phase I) in patients with leukemia and lymphoma and showed clinical efficacy[10]. A phase I
trial evaluated the safety, tolerability, efficacy, and pharmacokinetics of DS-3032B in Japanese patients
with solid tumors who relapsed after or refractory to standard therapy, and dose-limiting toxicities,
safety, tolerability, maximum tolerated dose, pharmacokinetics, and recommended dose for phase II
clinical trial were determined[11].

However, the trials are empirical, as the mechanism and biochemistry of interaction of DS-3032B with
MDM2 are not known. Although there is a lot of preclinical evidence of the action of MDM2 inhibitors
as monotherapy or in combination, clinical experience with these agents is limited. Thus, information, at
the molecular level, about the complex formed between the inhibitor and its target will help to clarify
the nature of the interaction and its stability[9].

Such information is important to understand the functioning of the compound and even increase its
efficiency through structural alterations. Since obtaining these data by crystallization and X-ray
diffraction is laborious and time consuming, a plausible alternative has been facilitated by computa-
tional methods, such as molecular docking that has proven useful and reliable for predicting the
possible interactions and affinity of ligands with macromolecules. In silico methods have been gaining
increasing prominence since the experimental determination of complex three-dimensional structures is
quite complex and costly[12]. Thus, the aim of this study was to analyze the interaction of the DS-3032B
to its binding site in MDM2, the chemical bonds between drug and protein, and the affinity of the
formed complex in order to clarify the stability of the interaction and thus help in elucidating the
molecular mechanism of therapeutic action of the antagonist.

MATERIALS AND METHODS

Receptor preparation

For molecular docking simulations, the structures of MDM2 (receptor) and the drug DS-3032B (ligand)
were selected. The three-dimensional structure of MDM2 was selected from Protein Data Bank (PDB) (
http:/ /www.resb.org/pdb/home/home.do) after a previous global alignment of all available primary
sequences using CLUSTAL X 2.0 software. The 3D structure file was obtained in the extension ".pdb"
(input file). The selected receptor’s three-dimensional structure was prepared for molecular docking
simulations using AutoDock Tools software; the water molecules were deleted, since they do not belong
to the molecule and can interfere in the docking process and hydrogen atoms were also added. Then it
was determined through the AutoDock Tools software the location and dimensions of the Grid (virtual
box that delimits the region where the ligand will perform possible interactions with the receptor). In
this case, the dimensions of the Grid encompassed the entire receptor. The Grid data and coordinates
were used in molecular docking.

Ligand preparation

The three-dimensional structure of the drug DS-3032B was solved experimentally and deposited in the
PubChem database (https://pubchem.ncbi.nlm.nih.gov/); the file was obtained in the extension ".sdf"
and converted to “.pdb” (input file). The ligand DS-3032B interacts with the MDM2 receptor in a
physiological environment with pH 7.4; thus, to simulate more reliably, its interaction was made with
the calculation for the prediction of its protonation state using the MarvinSketch 5.7° software from
ChemAxon®. Both ligands, with and without the protonation, were prepared for molecular docking
using the AutoDock Tools 1.5.6 software. This software detects the torsion points of the drug and
calculates the angle of the torsions.

Molecular docking

Molecular docking procedures for a rigid protein and a flexible ligand were used. A grid of points in x,
y, and z directions was built with a grid spacing of 1.0 A using the AutoGrid component of the software.
Molecular docking simulations were performed using the tools of the AutoDock platform (http://auto
dock.scripps.edu/) connected to the Vina 1.1.2 software (http://vina.scripps.edu/). The software used
associates two components: A search algorithm and a score function. First, the algorithm was
responsible for the search of possible combinations in the bonds, exploring the rotational, translational,
and conformational degrees of freedom of the ligand as well as of the proteins. Then, the score function
was used to choose the best binding modes. These functions were obtained according to the force fields
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of molecular mechanics and empirical parameters from free energy calculations.

In silico analysis of drug-protein interactions

The analyses of the amino acid residues involved in the interactions between the receptor and the
ligand, as well as the twists of the ligand, atoms involved in the interactions, and type, strength, and
length of the interactions were performed using the PyMol 2.5 software (pymol.org/2) and Discovery
Studio from BIOVIA®.

RESULTS

Receptor and ligand selected

During the search for the three-dimensional structure of the receptor, the alignment of primary
sequences of three-dimensional structures available in the PDB corresponding to MDM2 was
performed. The 5SWK, from Homo sapiens, was indicated as the best structure by having structure
resolved by X-ray crystallography with high resolution (1.92 A) and greater coverage of the site
responsible for the antagonism of the protein. The antagonist binding site is located in chain A of
MDM2, so chain A was isolated to perform molecular docking simulations. Figure 1 shows the primary
sequence alignment between 5SWK chain A (153 residues) from PDB and whole MDM2 (466 residues).
The consensus region presents the binding site for the MDM2 receptor antagonist. The three-
dimensional structure of the antagonist DS-3032B was obtained from PubChem database with the CID
(compound identification number) 73297272. MarvinSketch® software showed that at pH 7.4, 97.37% of
DS-3021B was distributed in its protonated form.

Analysis of the drug-protein complex

A ranking of nine conformations presenting different affinity energies was obtained in molecular
docking for each ligand (protonated and non-protonated), and the conformation with the lowest energy
(Figure 2) was selected for subsequent analysis of drug-protein interactions. In addition, two root mean
square deviation (RMSD) metric variants are also available: RMSD/L.b. (lower limit of RMSD) and
RMSD/u.b. (upper limit RMSD), which differ by the way the atoms are matched in the distance
calculation. While in RMSD/u.b. each atom is matched in one conformation to itself in the other
conformation, ignoring any symmetry, in RMSD/L.b., each atom is matched in one conformation to the
nearest atom of the same element type in the other conformation. No significant difference was
observed between the affinity energies between both MDM2/ protonated DS-3032B and MDM2/non-
protonated DS-3032B conformers (Table 1); therefore, the protonated form, which prevails under
physiological conditions, was better analyzed in this study. Sixteen amino acid residues of MDM2 are
involved in chemical bonds with the protonated DS-3032B. Polar bond, hydrophobic interactions (pi-
sigma and alkyl), and Van der Waals were observed (Table 2). These 16 residues of MDM2 chain A
belong to the p53 biding site region. Four out of 16 interactions are more relevant, and they range from
2.18 t0 3.96 A; the shortest bond is a hydrogen bond between an oxygen atom of leucine residue 54 (LEU
54) of MDM2 and a nitrogen atom of one of the rings of the DS-3032B antagonist (Figure 3).

DISCUSSION

The MDM2, also called E3 ubiquitin ligase enzyme, is commonly overexpressed in various cancers[13],
inactivating directly p53 by interacting with its transcriptional activation domain and inducing its
degradation through ubiquitination[4]. DS-3032B is a compound derived from dispiropyrrolidine, also
called milademetan. It impairs the binding of MDM2 to the transcriptional activation domain of p53[14].

Pharmacological inhibition of the p53-MDM2 interaction has been evaluated as a therapeutic
approach to exert p53-mediated antitumor effects. Because MDM2 antagonists can produce nongen-
otoxic activation of wild-type p53, leading to anticancer activity, these agents are candidates to improve
the therapeutic index of current chemotherapy regimens while minimizing the risk of resistance to
single-agent MDM?2 inhibition[15]. MDM2 inhibitors have demonstrated in preclinical and clinical
studies their antineoplastic effects arising from p53 activation caused by negative regulation of MDM2
in solid and hematological tumors.

Identifying the interactions between drugs and their targets is critical in the discovery of new drugs.
This helps to understand better the mechanism of the disease and to identify unexpected therapeutic
activity or adverse side effects of the drugs. Therefore, the prediction of interaction between drugs and
targets becomes important in the context of pharmacology and drug redefinition[16]. The precise and
efficient identification of interactions between drugs and their targets in the body can reveal hidden
functions of these drugs and target proteins as well as speed up the drug development process[17].
Drug development is a time-consuming process, the experimental identification of interactions between
drugs and their targets is very costly, and modern technologies have mitigated this problem. The
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Table 1 Affinity energy and RMSD values of both conformers mouse double minute 2/protonated DS-3032B and mouse double minute

2/non-protonated DS-3032B

. Dist. From
Conformer Affinity energy (kcal/mol)
RMSD Lb. RMSD u.b.
MDM2/protonated DS-3032B -10.0 0.000 0.000
MDM2/non-protonated DS-3032B -9.9 0.000 0.000

MDM2: Mouse double minute 2; RMSD: root mean square deviation; RMSD Lb.: RMSD lower limit; RMSB u.b.: RMSD upper limit.

Table 2 Chemical interactions between mouse double minute 2 receptor and protonated DS-3032B antagonist
Residues of MDM2 Interaction Bond size (A)
Leu 54 Hydrogen bond 218

Leu 57 Alkyl 3.92

Ile 61 Alkyl 3.91

Tyr 67 Pi-Sigma 3.96

Tle 103 Van der Waals -

Phe 86 Van der Waals -

Phe 91 Van der Waals -

Ile 99 Van der Waals -

Tyr 100 Van der Waals -

Val 75 Van der Waals -

Val 93 Van der Waals -

Gln71 Van der Waals -

GIn 72 Van der Waals -

Gly 58 Van der Waals =

His 73 Van der Waals -

Met 62 Van der Waals -

MDM2: Mouse double minute 2.

wjco |

JBaishideng®

computational prediction of drug target interactions has been shown to be fundamental for the study of
drugs, since it reduces the time and costs of the process[18].

In fact, through in silico approach, it was possible to observe that DS-3032B is able to connect to the
p53 binding site of MDM2 chain A with a significant affinity. The interaction between the antagonist
and MDM2 involves 16 amino acid residues by polar and nonpolar bonds throughout the entire
structure of the drug. The arrangement of the connections contributes to the low bind energy value and
consequently to the stability of the complex. Complex stability and high affinity indicate promising
therapeutic potential for DS-3032B.

There are three clinical studies of MDM2 inhibitors in various cancers, including the MDM2
antagonist, DS-3032B, still in early phase (solid tumors and lymphoma: NCT01877382; myeloma:
NCT02579824; leukemia: NCT02319369; acute myeloid leukemia: NCT03671564; acute myeloid
leukemia, being associated with Quizartinib: NCT03552029; refractory leukemia, being associated with
Cicarabine: NCT03634228)[19]. Clinical responses in these trials have been limited overall, but some
patients have clearly achieved clinical benefit through monotherapy with MDM2 inhibitors[20].
Although monotherapy with MDM2 inhibitors has benefits, clinical responses are usually modest;
association with other inhibitors has shown synergism and more efficient clinical responses[9].
However, the association of more medications can increase the presence of unwanted effects and even
decrease patients' adherence to therapy. The action of drugs is related to their interaction with their
therapeutic target; drug-protein affinity predicts complex stability, longer interaction time, and greater
pharmacological effectiveness.
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MDM2
SSWK_A|Chains

MDM2
SSWK_A|Chains

MDM2 STSSRARAISETEENSDELSG 152
SSWK_A|Chains 153
MDM2 ERQRKRHKSDSISLSFDESLALCVIREICCERSSSSESTGTPSNPDLDAGVSEHSGDWLD 212
SSWK_A|Chains 153
MDM2 QDSVSDQF SVEFEVESLDSEDYSLSEEGQELSDEDDEVYQVTVYQAGESDTDSFEEDPEL 272
SSWK_A|Chains 153
MDM2 SLADYWKCTSCNEMNPPLPSHCNRCWAL RENWLPEDKGKDKGEISEKAKLENSTQAEEGF 332
SSWK_A|Chains 153
MDM2 DVPDCKKTIVNDSRESCVEENDDX I TQASQSQESEDYFQPSTSSSITYSCQEDVKEFERE 392
SSWK_A|Chains 153
MDM2 ETQDKEESVESSLPLNATEPCVICOGRPENGE IVHGK TGHLMACF TCAKKLKKRNKPCPY 452
SSWK_A|Chains 153
MDM2 CRQPIQMIVLTYFP 466

SSWK_A|Chains 153

DOI: 10.5306/wjco.v13.i6.496 Copyright ©The Author(s) 2022.

Figure 1 Global alignment between 5SWK chain A (153 residues) and whole mouse double minute 2 (466 residues). Consensus region is
located at position 56 - 153 of 5SWK chain A. The color of the residues represents the chemical characteristic of their side chains. MDM2: Mouse double minute 2.

DOI: 10.5306/wjco.v13.i6.496 Copyright ©The Author(s) 2022.

Figure 2 Mouse double minute 2/protonated DS-3032B conformer. Mouse double minute 2 (MDM2) receptor is shown in ribbon and DS-3032B is shown
in sticks. Only LEU 57, ILE 61, and TYR 67 bonds are shown. Bond size in A.

Thus, knowledge about the molecular interactions between the test drug and its therapeutic target
becomes interesting to predict the behavior of the drug in the body, predict its efficiency and stability,
and can help predict how this drug can affect the physiology of the individual. Since in silico studies can
provide this data satisfactorily and reliably and much faster compared to in vitro and in vivo studies, this
methodology has been used to support scientific studies. The analyses performed in this study, with the
DS-3032B, indicate that the complex formed between this drug and its target is quite stable, indicating
high therapeutic efficiency. This efficiency, measured indirectly, through affinity energy may be
responsible for the good preclinical results of ds-3032B, and it may be more effective as monotherapy
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Figure 3 Two-dimensional diagram demonstrating interactions between mouse double minute 2 chain A (5SWK) and protonated DS-
3032B. Light green: Residues involved in Van der Waals interactions. Green: Residue involved in hydrogen bond. Lilac: Residue involved Pi-Sigma interaction. Pink:
Residues involved in alkyl interactions. Numbers in spheres indicate the residue position. Bond size are shown (A).
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than current inhibitors.

Regarding the in silico analyses performed, the ligand position is selected based on calculations that
are ranked according to docking score that represents the binding affinity between the ligand and the
receptor and is expressed in kcal/mol[21]. Molecular docking is an established in silico structure-based
method widely used in drug discovery. Docking enables the identification of novel compounds of
therapeutic interest, predicting ligand-target interactions at a molecular level[22]. In this study it was
obtained as a result of molecular docking, the ranking of the nine conformations with the highest
affinities for the receptor, in parallel with two metric variants of RMSD: RMSD/L.b. and RMSD/u.b.,
which differ by the way the atoms are matched in the distance calculation. While in RMSD/u.b. each
atom is matched in one conformation to itself in the other conformation, ignoring any symmetry, in
RMSD/L.b. each atom is matched in one conformation to the nearest atom of the same element type in
the other conformation. Whereas that for RMSD, the tolerance value respected is at most 2.0A[23]. In
addition, the affinity of the conformation presents the binding energy between the receptor and the
ligand, being considered significant values less than -6.0 kcal/mol[13]. The compound that requires
lower energy for the interaction to occur forms a more stable complex, in other words, has greater
biological activity[24].

It is important to highlight that the DS-3032B, in addition to presenting satisfactory preclinical data
regarding its anti-tumor potential, which are supported by computational findings, this drug is
administered orally[11]. Thus, the DS-3032B becomes an attractive therapy compared to invasive and
uncomfortable administrations for the patient.

CONCLUSION

In this study, higher biological activity means greater antagonism of MDM?2 and consequent restoration
of the tumor suppressor, p53. The confirmation was provided by the results obtained during molecular
docking calculations, given that the conformer with the highest affinity showed -9.9 kcal/mol and
therefore can be considered a promising candidate to inhibit the MDM2 protein. These dyspyrolidine-
derived compounds may represent a starting point for the development of new drugs to treat cancers
with overexpression of the MDM2 protein. The identified results reinforce that bioinformatics offers
great direction in the search and validation of treatment targets, because it presents itself as a starting
point for improving the knowledge involving drug- protein interactions. In addition, it also promotes
cost and time reduction when compared to traditional research methods and directs the treatment so
that the new drugs have their side effects minimized. However, in silico processes are complementary
and do not rule out the need for in vitro and in vivo tests.
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ARTICLE HIGHLIGHTS

Research background
Mouse double minute 2 (MDM?2) is the main negative regulator of tumor suppressor p53; in this context,
the effective inhibition of MDM2 is an alternative for cancer treatments.

Research motivation
DS-3032B is an MDM2 antagonist, and its activity is known only empirically, so bioinformatics analyses
can point to molecular characteristics of complex interaction.

Research objectives
To analyze, in silico, the interactions between the antagonist DS-3032B and MDM2 and infer the antineo-
plastic potential of the drug.

Research methods
The analysis of chemical bonds, interaction of the drug-protein complex, and its stability were done by
molecular docking.

Research results
Molecular docking simulations between MDM2 chain A (PDB: 5SWK) and DS-3032B (CID: 73297272) in
its protonabed form indicated a complex with significant affinity energy, -10.0 kcal/mol. The results

indicate a stable complex, maintained by hydrophilic and hydrophobic bonds involving 16 amino acid
residues of MDM2.

Research conclusions
DS-3032B is able to bind to MDM2 with high affinity and stability, suggesting therapeutic efficiency.

Research perspectives
Analyze the DS-3032B/MDM2 complex using molecular dynamics and verify the possibility of
structural changes of the drug to increase its efficiency.
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