Open Journal of Nano

ISSN: 2147-0081
(2023) 8-1
Research Article

OPEN JOURNAL

Molecular Docking Study of Midostaurin, an Effective Drug in the
Treatment of Myeloid Leukemia

1.

“1 Sefa Celik', 2 Gozde Yilmaz'"/, * Aysen E. Ozel', * Sevim Akyiiz

1stanbul University, Science Faculty, Physics Department, 34134, Istanbul, Turkey.
2 2Istanbul Kltiir University, Vocational School, Opticianry Program, 34158, Istanbul, Turkey.

3 Istanbul Kltiir University, Science and Letters Faculty, Physics Department, 34156, Istanbul, Turkey

* Corresponding author, e-mail: scelik@istanbul.edu.tr
Tel: +90 212 455 5700 Faks: +90 212 455 5766

Submission Date: 12.04.2022 Acceptation Date: 14.07.2022

Abstract - Midostaurin (CssH3zoN4O4) is a multi-target kinase inhibitor used to treat some types of
acute myeloid leukemia in combination with other chemotherapy agents. Firstly, the structural
preferences of the Midostaurin were evaluated due to the importance to determine the most stable
conformer of a bioactive molecule to elucidate its bioactivity. The conformational analysis of the
Midostaurin molecule was performed using the PM3, a semi-experimental method. The three most
stable conformers and their relative energies were determined. The Epidermal Growth Factor
receptor (EGFR) is an integral membrane protein, and its over-expression is associated with the
development of a wide variety of tumors. For this reason, EGFR inhibitors can act as anticancer
drugs as preventing the growth of EGFR-expressing tumors and increasing the survival rates of
patients. On the other hand, DNA is an important target for anticancer drugs. To elucidate the
anticancer properties of Midostaurin, the molecular docking simulations were performed against
EGFR and DNA targets. The binding modes and binding affinities of the ligand-target receptor
complexes were determined. Midostaurin showed strong binding affinity to DNA (AG = -8.6
kcal/mol) and EGFR (AG = - 9.6 kcal/mol). The results revealed the significant anti-tumor effect of
Midostaurin.
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Introduction

Acute myeloid leukemia (AML) causes healthy hematopoietic cells to become mutated [1].
AML is defined as a malignant clonal disease that occurs as a result of incomplete maturation of blast
cells and accumulation of abnormal immature cells first in the bone marrow and then rapidly in the
blood [1-2]. It is known that AML disease has a genetic origin due to the transfer of mutated genes
[1]. Whole genome sequencing, RNA sequencing and whole exome sequencing studies of AML
disease have been important for a better understanding of its molecular structure. Genetic mutations,
signaling, transcriptional regulation, nucleocytoplasmic shuttle, and chromatin modification have all
been shown to produce genetic abnormalities in patients with AML [3].

Since AML is a heterogeneous disease, the response to treatment may vary depending on the
risk factors of the patient. Treatment of AML disease is applied as chemotherapy and/or
hematopoietic stem cell transplantation [4]. Nucleoside analogs and topoisomerase Il inhibitors are
two therapeutic chemotherapeutic agents used in the treatment of AML [5].
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Fms-like tyrosine kinase 3 (FLT3) is a receptor tyrosine kinase and is expressed almost
exclusively in the hematopoietic compartment. Mutations of the Fms-like tyrosine kinase 3 gene
(FTL3) are seen in 30% of adults with newly diagnosed AML . Midostaurin is a versatile small
molecule kinase inhibitor that is used to treat adult patients with AML who have AML FLT3
mutations [6-7]. In investigations employing animal models, midostaurin has been identified as an
FTL3 inhibitor [8].

Gl (gastrointestinal) toxicities such as vomiting, nausea, and diarrhea are the Midostaurin side
effects [9]. Patients in the Phase | study of midostaurin reported nausea and vomiting as adverse
effects. In another study, it was stated that no hematological toxicity and cardiac conduction
abnormality were encountered if Midostaurin was not used together with a different agent [10]. In
some studies, skin rash, gastrointestinal and hepatic toxicity were observed in midostaurin treatment
[11].

Anticancer drugs are divided into several classes as antitumor antibiotics, which reduce
DNA/RNA synthesis and hence slow cancer cell growth and division [12], mitotic inhibitors, which
interfere with the mitosis phase of cells [13], and topoisomerase inhibitors, which impede DNA
transcription [14].

The ErbB family of receptor tyrosine kinases has four members. EGFR is one of them. Many
malignancies have overexpressed or mutated the receptor, underlining its potential as a therapeutic
cancer diagnostic. EGFR has a role in a variety of biological activities, including proliferation,
angiogenesis, and cell death suppression. It is a transmembrane protein that transmits important
signals from the epithelial cell surface to the intracellular domain for cell proliferation, motility, and
adhesion regulation. Overexpressed EGFR sends various signals to cells, causing them to grow faster
and live longer [15-18]. It also plays a role in cancer carcinogenesis. A better understanding of
molecular signal transduction has led to the development of new cancer therapy tactics and
approaches. As a result, turning off EGFR's signal transduction is expected to stop cancer cells from
growing and surviving. Because EGFR plays such a significant role in cancer, it is being investigated
as a possible therapeutic target for cancer treatment [15-19].

To enlighten the anticancer activity of Midostaurin, conformational preferences of the
molecule were searched in this work the energetically favorable conformer was determined.
Afterwards, by using the most stable conformer of Midostaurin, molecular docking analysis into B-
DNA and EGFR tyrosine kinase domains were performed. The binding modes, and binding affinities
were determined.

2. Materials and Methods

The conformational analysis of the Midostaurin was performed with Spartan06, a molecular
modelling and computational chemistry program [20]. The semiempirical PM3 method [21-24],
which provides a reasonably accurate, rapid estimation of the probable conformations of a molecule,
was used. The obtained most stable conformation of the Midostaurin was used as the initial
conformation of the ligand molecule for docking studies. For docking studies, the crystal structure of
DNA (PDB ID: 1BNA) and EGFR tyrosine kinase domain (PDB ID: 2GS2) were obtained from the
protein data bank (http://www.rcsb.org/pdb). The CAVER program [25] was used to determine the
possible binding sites on the receptor surface. On the obtained active sites, molecular docking was
performed using AutoDock-Vina software [26]. For docking simulations, a semi-flexible docking
protocol was applied, where the target receptors (DNA or EGFR) were kept rigid while the ligand
was kept flexible for being docked upon.
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3. Results and Discussions

3.1. Structure

Midostaurin has the five lowest energy conformers, as revealed by a conformational study. Table
1 lists the relative energies of the most stable three conformers, and Figure 1 depicts their molecular

geometries.
Table 1. The energies of the most stable three conformations of Midostaurin.
Conformers Total energy (kJ/mol) Relative energy (kJ/mol)
Conformer | -62.46 0
Conformer 1l -62.45 0.01
Conformer Il -61.64 0.82

(Hr)

Figure 1. The obtained three lowest energy conformers of Midostaurin by conformational analysis.

3.2. Molecular Docking

As Midostaurin is known to have anticancer properties [27-28] we performed molecular docking
studies with DNA and EGFR. Since DNA is the genetic information carrier, and the ability of
anticancer agents to interfere the transcription and DNA replication has importance. On the other
hand, EGFR is the target for anticancer agents, due to its role of signaling in proliferation,
angiogenesis and suppression of cell death causing cancer.

AutoDockVina [26] was used to perform docking analyses. From the protein database [29], the
crystal structure of DNA (PDB ID: 1BNA) was obtained and prepared for docking analysis. Water
molecules were deleted, polar hydrogens were added, and Kollman's DNA charges were determined.
The partial charges of the Midostaurin were computed using the Geistenger approach, and the active
region of DNA was identified using a grid size of 40x40x40. The Midostaurin was found to interact
with the nucleic acids DT8, DC9, DG10, DC13, and DC15 of DNA, through pi-alkyl, pi-pi-T shaped
and pi-donor hydrogen bond interactions (Figure 2). The molecular docking simulations revealed the
binding affinity (AG) of Midostaurin to DNA as -8.6 kcal/mol. The interactions between Midostaurin
and DNA's nucleic acids are: Pi-alkyl interaction between DT8 and Midostaurin with a length of 5.28
A; pi-pi-T shaped interactions between DC9 and Midostaurin with 5.23 and 5.28 A lenths; pi-pi-T
shaped and pi-donor hydrogen bond interactions between DG10 and Midostaurin with a length of
5.22 and 3.04 A, respectively: pi-donor hydrogen bond interaction between DC13 and Midostaurin
with a length of 3.15 A; pi-donor hydrogen bond interactions between DC15 and Midostaurin with
2.57 and 3.24 A lengths.

In the molecular docking study of 5-chlorouracil (5-FU) into DNA, 5-FU was found to interact
with DG10, DC15 and DG16 nucleic acids, through hydrogen bond interactions [30]. In the molecular

4

Open Journal of Nano - Sefa CELIK
DOI: 10.56171/ 0jn.1102513


https://doi.org/10.56171/ojn.1102513

OPEN JOURNAL OF

Open Journal of Nano ?

ISSN: 2147-0081 .}}..’{.
(2023) 8-1 ..,.‘d}..
Research Article .}‘ i"{.

docking simulations, the docked cyclic dipeptide, cyclo(Ala-His), into DNA, it was found that the
peptide interacted with nucleic acids DC9, DG10, DC11, DG16 and DA17 of DNA through hydrogen
bonding interactions with 3.1, 2.39, 2.96, 2.53, 2.39 and 2.99 A lengths, respectively [31]. In the
molecular docking studies of Acalabrutinib, an anticancer drug, and DNA, Acalabrutinib was found
to interact DG10 (2.11 and 2.14 A) and DG16 (2.06 and 2.47 A) by hydrogen bond interactions [32].
In another study, the N4-tetradentate thiosemicarbazone docked into DNA was found to interact with
the DT8, DC9, DG12, DG16, DA17 and DA18 residues [33]. The results indicated that Midostaurin
was docked in a similar active region of DNA as described in the literature [30-33].

For docking study of Midostaurin into EGFR, the crystal structure of EGFR tyrosine kinase
domain (PDB ID: 2GS2) was obtained from the protein database [34] and prepared for docking
analysis. Water molecules were deleted, polar hydrogens were added, and EGFR tyrosine kinase
domain charges of Kollman were determined. The partial charges of the Midostaurin were computed
using the Geistenger approach, and the active region of the EGFR tyrosine kinase domain was
identified using a grid size of 40Ax40Ax40A.

(a) (b)

Figure 2. Molecular docked model of Midostaurin with DNA (a), The interactions between the Midostaurin and
DNA are labeled using colored dashed lines (b) (AG = -8.6 kcal/mol).

After preparing the EGFR tyrosine kinase domain and the ligand for molecular docking analysis,
docking simulations were conducted on the active site of the target protein. The binding affinity of
the investigated ligand was found to be -9.6 kcal/mol. Figure 3 shows a 3D view and interactions of
docked Midostaurin in the active region of the EGFR tyrosine kinase domain.

The interactions between Midostaurin and the EGFR target receptor are as follows:

A 4.74 A length pi-alkyl interaction with Leu694; 4.51 A length pi-alkyl interaction with Ala698;
4.58 and 4.87 A lengths pi-alkyl and 5.38 A length alkyl interactions with Val702; 4.73 A length pi-
alkyl interaction with Ala719; 4.63 A length alkyl interaction with Lys721; 5.49 A length pi-sulfur
interaction with Met742; 5.06 and 5.42 A lengths pi-alkyl interactions with Leu820.
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Figure 3. Molecular docked model of Midostaurin with EGFR tyrosine kinase domain (-9.6 kcal/mol) (a), 3D and
2D representations describing bindings of Midostaurin with the active site of EGFR tyrosine kinase
domain (b-c).

Bahmani et al. investigated the pyrazolopyrimidine-based derivatives as EGFR inhibitors by
molecular docking and multi-QSAR methods [35]. It was reported that the docked 1u compound of
pyrazolopyrimidine-based derivative into EGFR, which showed the lowest binding energy to EGFR,
was located in the locality of several hydrophobic amino acid residues including Phe699, Ala731,
lu735, Val762, phe832, and Leu834. The result concluded that hydrophobic interactions play the
most important role in the formation of the 1u-EGFR complex. In addition, it was reported that 1u
compound interacted with Lys721, Glu722, Glu734, Asp737, Glu738 and Lys836 residues by
electrostatic interactions and formed a hydrogen bond with Gly833 [35]. In the molecular docking
study of the cyclic octopeptide CVRACGAD into EGFR, cyclic octopeptide was found to interact
with Lys721, Thr766 andAla719, Asp831, Gly695, Gly772, Leu694, Leu768 residues of target
receptor [36]. In silico docking studies of a series of 6, 7-dialkoxy-4-anilinoquinazolines against
EGFR showed that compound 33 interacted with the Ser696, Gly700, Val702, Val704, Ala719,
Lys721, Thr766, Met769, Glu738 and Asn818 residues of the target receptor, that were the same
residues that the well-known anticancer drug Gefitinib interacted [37]. The comparison of the
literature results with the molecular docking results of Midostaurin into EGFR revealed that
investigated ligand was docked in a similar active region of EGFR as described in the literature [35-
37].

To determine the binding free energy of small ligands to biological macromolecules, molecular
mechanics Poisson-Boltzmann Surface Area (MM/PBSA) and molecular mechanics generalized born
surface area (MM/GBSA) techniques are often used [38-43]. Since both the MM/PBSA and
MM/GBSA techniques are important, Wang et al. (2019) [42] created a software that combines the
two as the MM/PB(GB)SA approach.

The binding free energies of Midostaurin with DNA and the EGFR tyrosine kinase domain were
computed in this investigation using Wang's program [42], which is based on the MM/PB(GB)SA
approach. Using the MM/PB(GB)SA methods with the GAFF2 and ff14SB force field combinations
and the GB6 process [42], the predicted binding free energies of Midostaurin with DNA and with the
EGFR tyrosine kinase domain were -14.63 and -30.42 kcal/mol, respectively.
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4. Conclusions

The conformational preferences of the Midostaurin were investigated using PM3 which is semi-
experimental approach. The docking simulations were used to enlighten the biological activity of the
title molecule in its most stable conformation. Because DNA and the EGFR tyrosine kinase domain
are both prominent targets for anticancer medicines, docking simulations of Midostaurin with DNA
and the EGFR protein were done to predict anticancer efficacy. Based on the binding affinity of -8.6
and -9.6 kcal/mol to DNA and EGFR, respectively, and their interactions with targets, molecular
docking simulations suggest that Midostaurin ligand will have a significant anti-tumor effect.
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