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Abstract

Acute myeloid leukemia (AML) is responsible for more than 40% of adult patients suffering from adverse effects leading
to death around the world. The B-cell translocation gene 2 (BTG2) gene work as a tumor suppressor. In this study, a list of
medicinal herb compounds and drugs was investigated for their pharmacokinetic properties and cytotoxicity by applying
the SwissADME, pkCSM, and Molsoft LLC websites. The molecular docking between the medicinal herbs and AML-
standard drugs against the human BTG2 gene was carried out by Auto-dock Vina. Furthermore, protein-protein interactions,
gene ontology, and gene enrichment analysis were investigated to display the biological pathways related to BTG2. Also,
molecular dynamics simulation was examined to study the behavior of the BTG2 protein and the protein-ligand complex.
The present work exhibited that hesperidin displayed the highest binding affinity of —7.0 kcal/mol when interacting and
docked against the BTG2 protein, while Cytarabinee and daunorubicin had binding affinity of 5.0 and 5.8 kcal/mol,
respectively. The PPI highlighted 101 interactions with P-values less than 10 e6., and the highest similarity score of 0.13
was found in P53 transcriptional gene network pathways. Interestingly, gene enrichment analysis illustrated that RNA
degradation was the most significant enrichment pathway. Also, BTG2 contributes to the P53 signaling pathway in chronic
myeloid leukemia. Via GADDA45A gene. Molecular dynamics simulations were carried out for the highest binding docking
(BTG2-hesperidin) complex, and the results revealed conformational alterations with more pronounced surface residue
fluctuations in BTG2. The direct interaction of hesperidin with various crucial amino-acid residues like HIS 49, CYS 67,
ARG 69, ASN 71, ASP 75, ARG 112, and THR 101 causes modifications in these residues, which ultimately attenuate the
activity of the BTG-2 protein. The molecular dynamics determine the four numbers of H-bonds for executing the interaction
between BTG2 and hesperidin. The best residue with high energy around all poses is Arg69. Finally, the present work
highlighted that hesperidin was the highest phytochemical compound binding to BTG2 protein.
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tumor cells that are severed as tumor suppressors [4].
INTRODUCTION Interestingly, the interaction between BTG2 and miR-21
is observed in many human cells. The up-regulated of
miR-21 has appeared in different cancerous cells, such
as lung, gastric, and colon cancers [5]. Previous articles
i ) reported that BTG2 can be utilized as a promising
[2]'. European Leukemia Ne.t (ELN) _categorlz_ed AML biomarker for prognosis in cancer patients due to its
patients into three groups: poor, intermediate, and ability to be linked with various tumor suppressor genes

favorable, according to mutations in leading genes [3]. . .
BTG2 is included in different activities, especially in like PS3, P73, and RB [6]. Chemotherapy is the most

AML is a common cancer disease in the world
[1], which is characterized by the un-regularized growth
of abnormal leucocytes in the bone marrow and is
effective in the process of normal blood cell production
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conventional approach to remedying AML, but it causes
significant issues for patients due to its harmful effect on
normal cells. Hence, the scientists focus on other
approaches, such as herbal medicine, which
acknowledges medicinal chemistry or phytochemical
herbals [7, 8]. Hesperidin is considered a flavonoid
compound that belongs to the flavanone group, which
exists in citrus fruits. Hesperidin has been documented
to have antitumor potential due to its ability to activate
and organize many cells signaling pathways, such as
apoptosis, cell cycle arrest, and cell signaling pathways
[9]. Both oleuropein and ligstroside are enrichens with
phenolic compounds present in Extra Virgin Olive Qil
(EVOO) [10]. Previous experimental studies emphasized
the efficiency of olive leaf extract, including oleuropein,
in decreasing proliferation and motility in various cancer
cells, such as chronic myeloid leukemia and colon
carcinoma. The mechanism of action to inhibit the
cancerous cell by oleuropein depends on the
neutralization of the aerobic glycolysis exploited by
tumor cells [11, 12]. Salidroside, or p-
hydroxyphenethyl-b-D-glucoside, is the  main
constituent of Rhodiola rosea L. [13]. Post-studies
studies clarified the importance of salidroside in many
pharmacological activity processes, such as anti-
inflammatory, anti-aging, and anti-tumor properties [14].
Also, salidroside has a crucial role in inducing apoptosis
through the activation of the apoptosis-autophagy
mechanism [15]. Gallic acid is present in many foods,
such as gallnuts and blueberries [16]. Many documents
articulated the activities of gallic acid to work as anti-
metastasis, pro-apoptosis, and anti-proliferation against
types of cancerous cells, especially leukemia cancer cells
[17, 18]. Cinnamic acid has been well-known as an
anticancer agent for decades [19].

MATERIAL AND METHODS

Bioinformatic analysis of BTG2 protein

Determine the binding sites of the target protein
(BTG2)

The crystal structure of the BTG2 gene (3dju)
was retrieved from the protein data bank
(https://www.rcsh.org/structure/3DJU)  [20].  Then,
applying the FT Map Webserver (https://ftmap.bu.edu/)
to evaluate the availability of all residues to form
hydrogen bonds and hydrophobic interactions [21].

Gene ontology analysis

The expression patterns of every single gene in
specific biological processes as well as metabolic
molecular  pathways. The determination and
identification of molecular pathways by KEGG were
carried out by using ENRICHER [22] and shinyGO [23].
The functional gene ontology is enriched and visualized.
Herein, we applied the p < 0.05 value corrected by using
the Benjamini & Hochberg algorithm, which was

assigned as the suitable threshold for identifying
biological processes and pathways [24]. Protein-protein
interaction (PPI) was applied by using an online website
(STRING v. 12.0); (http://string-db.org/, accessed on
March 7, 2024) [23]. The medium confidence score was
0.4, which is considered a significant value. Protein-
protein interaction was analyzed and visualized by
utilizing Cytoscape software [24]. Also, we applied
molecular complex detection (MCODE) to clarify and
find gene clusters in the PPI [25, 26].

Ligand Preparation

The 2D structures of Hesperidin, Ligustroside,
Salidroside, Oleuropein, Hesperetin, Gallic Acid,
Cinnamic Acid, Cytarabinee, and Daunorubicin were
retrieved from the PubChem database (PubChem CID:
10621, 14136859, 159278, 5281544, 72281, 370,
444539, 6253, and 30323) are illustrated in Figure 1.
According to Rasool et al. (2018) [27], all the 2D were
converted into 3-dimensional and the energy was
minimized by applying Avogadro 1.2.0 software [28].

Molecular Docking

The target protein BTG2 (3dju) was prepared
by a regular process including removing water, adding
hydrogens, adding polar hydrogen, and Gasteiger
charges using AutoDock Tools 4.2.6. The prepared
structures were saved as PDBQT files [29]. The software
AutoDock 1.5.2 was applied to do all molecular docking
calculations. The main cavity point axes of BTG2 protein
were (center_x: -13.296, center_y: 14.374, center_z: -
9.45). The binding affinity was measured using a scoring
function that was carried out by AutoDock Vina [30].

Molecular Dynamic Simulation

Molecular dynamics simulation of 100 ns was
applied for the best binding score by applying
GROMACS-2023.1. The CHARMM36 force field was
utilized to prepare the protein topology, and the General
Force Field (CGenFF) server was used to prepare the
ligand topology. The system was solved in in TIP3P
water box of size 12A buffer to avoid the interaction of
atoms when moving off the box edge. lons were added
using the steepest descent minimization algorithm, and
sodium and chloride ions were used for protein
neutralization. Energy minimization was applied to the
complex to avoid steric clashes using the steepest
descent minimization algorithm; the force cutoff was set
to 10.0 kJ/mol, and the maximum number of steps was
50000. Next, two equilibration processes were applied:
NVT and NPT equilibration using a modified Berendsen
thermostat and leap-frog integrator for 50000 steps,
which are equivalent to 10 ps. Finally, the MD
simulation runs for 100 ns, with 2 fs at each step [30].
the data were analyzed for the RMSD, RMSF (root mean
square fuctuation), hydrogen bond distribution, and Rg
using VMD v1.9.3 program [31, 32].
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Figure 1: 2D structures of natural phytochemicals and standard drugs are used against acute myeloid leukemia (AML)

ADMET and Drug-Likeness Properties

The  pharmacokinetics of  Hesperidin,
Ligustroside, Salidroside, Oleuropein, Hesperetin, Gallic
Acid, Cinnamic Acid, Cytarabinee, and Daunorubicin
were determined by utilizing the online websites
SwissADME (http://www.swissadme.ch/), accessed on
March 2, 2024, and pkCSM
(https://biosig.lab.ug.edu.au/pkcsm/),  accessed  on
March 1, 2024. Furthermore, the drug-likeness scores
were measured by using the Molsoft LLC website,
(https://www.molsoft.com/mprop/ (accessed on March
6, 2024), Importantly, Lipinski’s rule of five (ROF) was
determined to screen the opportunity of the above
medicinal herbals to serve as a standard drug [33, 34].

RESULTS
The binding sites of BTG2 protein

The binding sites elucidated the specific amino
acids available for binding to the ligand. The binding
sites are divided into two categories: hydrogen bond
interaction, including the combination between protein
(BTG2) and ligand through a hydrogen bond, and non-
hydrogen interaction, involving covalent interaction
between ligand and protein. Figure 2a illustrates the
highest possibility of interacting with ligands via a
covalent bond: HIS 49 has a high non-bond interaction
with 11%; the following high non-bond interaction
percentages were Ser21 and TRP 103 with percentages
of 10.3 and 9.8, respectively. Figure 2b revealed the
probability of the specific amino acid combining with the
ligand throughout the H-bond interaction. The amino
acids that can bind to ligands by hydrogen bond were
HIS 49 and ASP 75, with 14 and 10%, respectively.
Hence, the amino acid HIS 49 in the BTG2 protein can
improve the combination with the ligand.
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Figure 2: Binding Site Map of the Target Protein (BTG2). A) FT mapping for non-H bond interaction. B) FT mapping for H-
interaction

Gene Ontology Analysis
e PPl interaction

Figure 3A demonstrated that the number of
BTG2-related targets (nodes) was 21, the edges between
targets were 101, the average node degree was 9.62, and
the PPI enrichment P-value was less than 10 e*6. The
main protein that interacts with BTG2 is total protein 53
(TP53). TP53 regulates the transcription of the addition
of cell cycle genes such as CCR4-NOT (CNOT®6),
CNOT6L, CNOT7, CNOT8, CNOT9, CNOT10, and
CCNOT11. the CNOT gene family, CCR4-not
transcriptional regulation, as well as the deadenylase
complex. The CNOT gene was functionalized as a

regulator of transcription and DNA templated.
Interestingly, BTG2 also interacts with growth arrest and
the DNA-damage-inducible protein GADD45 alpha,
which contribute to treatment with DNA-damaging
agents (mutagens). Also, GADDA45A is interceded via
the P53 mechanism (independent and dependent
mechanisms). Also, it contributes to the activation of the
p38/INK pathway by activating the MTK1/MEKKA4
kinase. In addition, BTG2 is related to Fos proto-
oncogene (FOS), which enters the apoptosis process.
The Fos gene is expressed mainly in bone marrow.

© 2024 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 86



Amr Hassan et al, Sch Int J Biochem, Nov, 2024; 7(7): 83-98

e ShinyGO

Figure 3B displays the KEGG pathway
enrichment with fold enrichment scores (FDR) as well as
a tree. The enrichment analysis shows the differentially
expressed genes were magnificence enriched in RNA
degradation, thyroid cancer, colorectal cancer,
endometrial cancer, Basel cell carcinoma, melanoma,
non-small cell lung cancer, P53 signaling pathway,
glioma, pancreatic cancer, chronic myeloid leukemia,
apoptosis, small cell lung cancer, breast cancer, NF-B
kap signaling pathway and MAPK signaling pathway.
Figure 3C highlights the relation between BTG2 and

RNA degradation with similar score of 4.6 12, MAPK
signaling pathway has 2.1 e, NF kap singling pathway
has 5e2, small cell lung cancer has 4.2 e?, chronic
myeloid leukemia, pancreatic cancer, Basel cell
carcinoma, pancreatic cancer, melanoma, non-small cell
lung cancer, P53 signaling pathway, endometrial cancer
glioma, and has the same value branch 3.1e?. Breast
cancer, apoptosis, and thyroid cancer have the same
value of 1.8 e Finally, colorectal cancer has 6.9 e3.
Figure 3D represents the schematic diagram of the
contribution of BTG2 in the P53 signaling pathway in
chronic myeloid leukemia throughout GADD45A.
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Figure 3: A) PPI of the Target Protein (BTG2). B) Tree of Target BTG2 Protein. C) Biological pathway of BTG2 protein. D)
KEGG pathway enrichment of BTG2 protein
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e Wiki pathway

The Wiki pathway was investigated to
determine the importance of BTG2 protein during the
biological pathway. The Wiki pathway obtained by
applying the Cytoscape website (https://cytoscape.org/).

The BTG2 gene enters the cell cycle process with
GADD45 during the P53 transcription regulation with a
similarity of 0.13 and a P-value equal to 1.37 e It
indicated the importance of BTG2 in the P53 regulation
process (dependent and independent), as illustrated in
figure 4.
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Figure 4: The Wiki pathway of BTG2 contributes to the P53 transcription regulation pathway

Molecular docking

Figures 5 and 6 displayed the interaction
between phytochemical medicines and the targeting
protein BTG2 (3DJU) throughout the molecular docking
simulation. Hesperidin interacts with BTG2 through H-
bonds with His 49, Cys 67, Arg 69, Asn 71, Asp 75, Arg
112, and Thr 101, with distance bond lengths of 2.35 A°,
279 A°, 278 A°,2.41 A°,2.54 A°,2.43 A° ,and 2.76 A",
respectively. The AG of the interaction of hesperidin
with BTG2 is equal to -7.0 kcal/mol, as figures 5a, and
5b revealed. In addition, the BTG2 protein binds to
hesperidin by carbon-hydrogen via Glu 99 and Pro 76,
with bond lengths equal to 3.6 and 3.6, respectively.
Ligustroside interacts with BTG2 by h-bond binding
with Cys 67, Arg 69, lle 70, Asn 71, His 72, and Asp 75
with distance bond lengths of 2.02 A°, 2.21 A®, 2.5 A°,
2.31 A%, 2.3 A°, and 2.6 A°, respectively. The AG of the
interaction of Ligustroside with BTG2 equals 6.1
kcal/mol. As figures 5b, and 6b. Salidroside interacts

with BTG2 by h-bond binding with Typ 65, Arg 69, and
Asn 71, with distance bond lengths of 1.87 A" and 2.98
A°, respectively. While Arg 69 and Lys 73 interact with
BTG2 through the pi-alkyl bond, their bond lengths were
4.25 A® and 5.45 A°, respectively. The AG of the
interaction of salidroside with BTG2 is equal to -6.1
kcal/mol as figures 5c, and 6¢ shown. Oleuropein can
bind to BTG2 through hydrogen bonds His 49, Asn 71,
Lys 73, and Arg 80, with bond lengths of 2.37 A°®, 2.53
A°®,2.37 A°, and 2.37 A°. Also, oleuropein binds to Cys
67 by a carbon-hydrogen bond with a bond length of
3.51A. In addition, oleuropein interacts with Arg 69 by a
pi-alkyl bond with a bond length of 4.22 as figures 5d,
and 6d displayed. The AG of the interaction of
oleuropein with BTG2 is equal to -6.1 kcal/mol.
Hesperetin can bind to BTG2 through hydrogen bonds
with the following amino acids: Arg 69 and Asp 75, with
bond lengths equal to 2.3 A® and 2.41 A°. While the other
amino acids His 72 and Lys 73 bind to hesperetin by a
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pi-alkyl bond with binding energies of 4.20 A® and 4.88
A’, respectively. Additionally, Arg amino acid combines
with hesperetin by a p-cation bond with a bond length of
4.15 A’. The AG of the interaction of hesperetin with
BTG2 is equal to -5.6 kcal/mol (Figures 5e, and 6e).
Gallic acid combines with BTG2 by associating a
hydrogen bond by interacting with gallic acid and the
following amino acids: Arg 69, lil 70, Glu 99, and Thr
101, with bond lengths equal to 2.84 A°, 1.83 A®, 2.42
A°, and 2.57 A°. Gallic acid forms a carbon-hydrogen
bond with Glu 115 with a bond length of 3.71. The AG
of the interaction of gallic acid with BTG2 is equal to -
4.7 kcal/mol (Figures 5f, and 6f). Cinnamic acid interacts
with BTG2 by h-bond binding with His 49 and Cys 67,
with bond lengths of 2.25 A® and 2.16 A°, respectively.
While Arg 69, and Lys 73 amino acids bind to cinnamic
acid by a pi-alkyl bond with bond lengths of 4.16 A° and
5.31 A°, respectively, the AG of the interaction of

cinnamic acid with BTG2 is equal to -4.6 kcal/mol
(Figures 5g, and 6g). Cytarabinee and daunorubicin are
standard drugs used to treat AML patients. Cytarabinee
interacts with BTG2 by h-bond binding with His 49, Asn
71, and Asp 75, with bond lengths of 2.91 A®, 2.42 A°,
and 2.37 A°, respectively. While Arg 69 amino acid
binds to Cytarabine by pi-alkyl bond with energy 5.04,
the AG of the interaction of Cytarabinee with BTG2 is
equal to -5.0 kcal/mol (Figures 5h, and 6h).
Daunorubicin interacts with BTG2 by h-bond binding
with Typ 65 and Lys 73, with bond lengths of 2.37 A°
and 2.40 A°, respectively. Arg 69 combines with
daunorubicin by a carbon-hydrogen bond with a bond
length of 2.45 A°. Pro 76 amino acid interacts with
Daunorubicin by pi-alkyl with a bond length of 5.03 A°.
The AG of the interaction of daunorubicin with BTG2 is
equal to -5.8 kcal/mol, as figures 5i, and 6i displayed.
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Figure 5: The molecular docking of BTG2 with docked phytochemical herbs as 2D representation. A) Hesperidin. B)
Ligustroside. C) Salidroside. D) Oleuropein. E) Hesperetin. F) Gallic acid. G) Cinnamic acid. H) Cytarabine and I)
Daunorubicin
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Figure 6: The molecular docking of BTG2 with docked phytochemical herbs as 3D representation. A) Hesperidin. B)
Ligustroside. C) Salidroside. D) Oleuropein. E) Hesperetin. F) Gallic acid. G) Cinnamic acid. H) Cytarabine. and 1)
Daunorubicin

Molecular Dynamic simulation

The purpose of this work is to study the
conformational change in BTG2 protein when it interacts
with the leading compound, hesperidin, compared with
the unbound protein state (Apo) of BTG2. This
investigation was determined via molecular dynamics
(MD) simulations lasting 100 nanoseconds (ns), Key
structural parameters, including root-mean-square
deviation (RMSD), radius of gyration (Rg), and solvent
accessible surface area (SASA), which were calculated
using the GROMACS software package, with the
complex re-centered and re-wrapped within the unit cells
before analysis.

Figure 7A displays the fluctuations around 1.40
nm for the apoprotein, suggesting inherent flexibility,
while the slight decrease in Rg to 1.37 nm upon binding
with limonin indicates a more compact or stabilized
conformation of the protein-Hesperidin complex. The
alternation of Rg is indirectly dependent on the
flexibility of the protein structure.

Figure 7B illustrates the root mean square
deviation (RMSD) of the protein without hydrogens,
reflecting the degree of deviation in protein
conformations  throughout the simulation. The
fluctuations of all complexes, including BTG2 (Apo)
protein, were observed towards the end of the simulation,
indicating a magnificent change in protein
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conformations. The interaction with Hesperidin induced
higher RMSD fluctuation, increasing from 0.5 to 1.5 nm
at 20 ns by the simulation's conclusion. Furthermore, the
compactness of the protein backbone across the three
complexes was assessed through Rg analysis during the
simulation period. Interaction with Hesperidin induced
higher RMSD fluctuation, increasing from 0.2 to 0.4 nm
at 20 ns by the simulation's conclusion. Furthermore, the
compactness of the protein backbone across the
complexes was assessed through Rg analysis during the
simulation period, as shown in Figure 7B.

BTG2 demonstrated enhanced compactness
and stability in its Apo state. But when APO protein
interacted with the Hesperidin complex, it remained
stable until around 20 ns before experiencing a sharp
increase in fluctuation, with the RMSD jumping from 0.2
to 20 nm. These findings highlight the dynamic nature of
protein conformations and underscore the influence of
ligand binding on protein stability and structural
dynamics throughout the simulation period.

In Figure 7C, the root mean square fluctuation
(RMSF) analysis reveals the variability in atomic
positions within the protein structure across different
regions. All two complexes display similar RMSF
patterns, with residues involved in ligand interactions
exhibiting minimal fluctuation (<0.2 nm). The first and
last 50 residues show slight changes, indicating
flexibility and distance from the binding pocket.

In Figure 7D, the solvent-accessible surface
area (SASA) analysis reveals differences in the exposed
surface area of the protein-ligand complexes.
particularly the SASA area for the protein-hesperidin
complex, which consistently remained the lowest,
fluctuating between 70 and 66 nm. The binding stability
was studied by determining the number of H-bonds
formed during simulation time (100 ns). Hesperidin
forms four stable H-bonds, as shown in Figure 7E. The
behavior aligns with the RMSD plot. Figure 7F
illustrates the large number of hydrophobic residues,
including a great amount of energy in Hesperidin binding
to its active pocket with a high energy range of -3 to -6

Kcal/mol. The key interactions in the BTG2-Hesperidin
complex appear to be Arg 69.

ADMET and Drug-Likeness Properties

The aim is to study the ADMET properties of
the phytochemicals to certify the accessibility of the
following herbal medicine as a feasible and desirable
drug. Tables 1 and 2 summarize the parameters
depending on Lipinski's rules to determine the best
herbal that can be recommended as a drug. The
molecular weights of the following phytochemicals:
Hesperidin, Ligustroside, Salidroside, Oleuropein,
Hesperetin, Gallic acid, and Cinnamic acid are 610.565,
524,519, 300.307, 540.518, 302.282, 170.12, and
148.161, respectively. The number of hydrogen bond
acceptors is the following: 15, 12, 7, 13, 6, 4, and 1 for
Hesperidin, Ligustroside, Salidroside, Oleuropein,
Hesperetin, Gallic Acid, and Cinnamic Acid,
respectively. The number of hydrogen bond donors is the
following: 8, 5, 5, 6, 3, 4, and 1 for Hesperidin,
Ligustroside, Salidroside, Oleuropein, Hesperetin, Gallic
Acid, and Cinnamic Acid, respectively. The synthetic
accessibility of Hesperidin, Ligustroside, Salidroside,
Oleuropein, Hesperetin, Gallic Acid, and Cinnamic Acid
is 6.34, 6.18, 4.26, 6.22, 3.22, 1.22, 1.67, 3.84, and 5.77,
which indicates that Hesperidin, Ligustroside,
Salidroside, and Oleuropein can be synthesized, while
Hesperetin, Gallic Acid, and Cinnamic Acid can be
prepared easier or harder in the laboratory or
manufacturing according to the scale of synthesis, which
ranges from 1 (easy to prepare) to 10 (hard to prepare).

The bioavailability of Hesperidin, Ligustroside,
Salidroside, Oleuropein, Hesperetin, Gallic acid, and
Cinnamic acid was 0.17, 0.11, 0.55, 0.11, 0.55, 0.56, and
0.85. Cytochrome P450 protein families responsible for
the metabolism of drugs include 1A2, 2C9, 2C19, 2D6,
and 3A4, among which the most important is the 3A4
enzyme. All the phytochemical herbs are non-toxic.
Figure 8 refers to the possibility of the compounds being
an efficient drug. Hesperidin, oleuropein, hesperetin,
Cytarabine, and daunorubicin have a positive value,
which indicates the tendency of the above compounds to
use drugs. Finally, hesperidin showed accessibility and
ADMET properties; hence, it can be assessed as a
potential drug agent.
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Figure 7: Molecular dynamics simution of the BTG2 inteacts with Hesperidin. A) RMSD of Structural dynamics of BTG2. B)
Radius of gyration of Structural dynamics of BTG2. C) RMS fluctation of gyration of BTG2 during Molecular dynamics
simution. D) Complexes SASA values of BTG2 during Molecular dynamics simution. E) Number of H- Bond between BTG2
target with the Hesperidin. F) Residues energetic components binding free energies estimated for BTG2 target with the
Hesperidin hits by MM/GBSA method.
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Table 1: Drug-likeness properties of Phytochemical compounds and standard leukemia drugs

Compound Absorption Intestinal | Distribution Metabolism AMES
Human Absorption g Toxicity
ElE|2 2 2|8/2 4
- 4 —_ o
Z1E 2 E|IE|2|2 ¢
[92] (92] —_ o —_ —_ —_ g
[(e] <t N i (2] (o] < —_—
o » Q1S ISR |88
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s} o > | > > > | > > | > S)
- | @] (@] (@) O (©) O] (®) (ol
Hesperidin 31.481 -1.1566 -4.33 No | No | No | No | No | No | No | 0.211 | No
Ligustroside 52.557 -0.3398 -0.3398 | No | No | No | No | No | No | No | 1.428 | No
Salidroside 45.49 -1.2488 -0.97 No | No | No | No | No | No | No | 0.187 | No
Oleuropein 44.206 -0.6342 -2.38 No | No | No | No | No | No | No | 1.176 | No
Hesperetin 70.277 2.5185 -4.27 No | Yes | No | No | No | No | No | 0.044 | No
Gallic Acid 43.374 0.5016 -2.34 No | No | No | No | No | No | No | 0.518 | No
Cinnamic Acid 94.833 1.7844 -2.54 No | No | Yes | No | Yes | No | No | 0.781 | No
Cytarabinee 58.476 -2.563 -0.09 No | No | No | No | No | No | No | 0.503 | No
Daunorubicin 73.176 1.0289 -5.35 No | No | No | No | No | No | No | 1.026 | No
Table 2: Drug-likeness properties of Phytochemical compounds and standard leukemia drugs
Compound Molecular | HBA | HBD | mlogP | Synthetic Bioavailability | Lipinski Drug
Weight Accessibility Violation | Likeness
Hesperidin 610.565 15 8 -3.04 |6.34 0.17 3 No
Ligustroside 524.519 12 5 -0.86 | 6.18 0.11 2 No
Salidroside 300.307 7 5 -1.22 | 4.26 0.55 0 yes
Oleuropein 540.518 13 6 -1.34 | 6.22 0.11 3 No
Hesperetin 302.282 6 3 0.41 3.22 0.55 0 Yes
Gallic Acid 170.12 4 4 -0.16 1.22 0.56 0 Yes
Cinnamic 148.161 1 1 1.90 1.67 0.85 0 Yes
Acid
Cytarabinee 243.219 8 4 -2.29 3.84 0.55 0 Yes
Daunorubicin | 527.526 11 5 -1.35 5.77 0.17 2 No
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Figure 8: Drug-Likeness scores of the Phytochemicals compounds

DISCUSSION

Acute myeloid leukemia is defined as the
uncontrolled growth of abnormal leucocytes inside bone
marrow and peripheral blood cells. one-third of AML
patients are young. The main issue is the resistance of
AML to conventional therapy like Cytarabinee,
anthracycline, and daunorubicin [35, 36]. BTG2 belongs
to the BTG/TOB gene family. It contributes to many
biological pathways, such as cell cycle regulation, DNA
damage repair, and cell proliferation and differentiation
[37]. Both BTG1 and BTG2 are tumor suppressors
against lymphoma and solid tumors. Interestingly, BTG1
and BTG2 are capable of protecting cells from any
neoplastic transformation. Furthermore, it has the

essential function of controlling and regulating gene
expression through interaction with transcriptional
cofactors [38]. In this study, the PPI interaction
illustrated the relationship between BTG2 and RNA
degradation. Many studies have exhibited the activity of
BTG1/BTG2 deadenylation and degradation of mRNA
[39]. Importantly, the PPl analysis exhibited a
relationship between BTG2 and many cancer types.
Previous articles demonstrated the relationship between
the expression level of BTG2 and many cancer types,
such as bladder cancer [40], pancreatic cancer [41], and
lung cancer [42]. BTG2 enters the P-53 pathway through
cell cycle arrest, as shown in Figure 4 [43]. BTG2 has a
crucial role in cell growth. Past studies showed the
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activity of cisplatin to ameliorate protestant cancer cell
proliferation by decreasing the expression level of BTG2
via the p53-dependent pathway or the p53-independent
NF-kB pathway [44]. Ryu et al reported that BTG2 is
increased by PKC-6 in U937 cells, and induces G2/M
arrest and cell death through restricted cyclin B1-Cdc2
binding [45]. BTG2 stimulates PRMT1 (protein arginine
methyltransferase 1), also, it induces and accelerates the
promotion of DNA repair in DSBs and Mre 11
methylation [46-47]. Interearingly. BTG2 induces
apoptosis by upregulating the Bax gene [48]. Hence,
BTG2 has a vital role in tumor progression and
development. Currently, scientists focus on the
utilization of natural products, particularly to attenuate
and inhibit the activity of cancer cell proliferation and
progressive pathways. In this study, the phytomedicine
herbals were used to study its activity against BTG2
which has good activity as an anti-cancer agent,
comparable with standard drugs against AML like
Cytarabinee and daunorubicin. Interestingly, the
application of computerization insights studies,
including molecular docking and molecular dynamics
simulation, as well as studying the toxicity and
biocompatibility of the selective compound, has had a
great effect on the advancement and development of the
pharmaceutical industry and saved a crucial amount of
time to improve and fabricate novel drugs against
difficult diseases such as cancer. In our work, molecular
docking, molecular dynamics simulations, and
pharmacokinetics were used to assess the ability of
Hesperidin, Ligustroside, Salidroside, Oleuropein,
Hesperetin, Gallic acid, Cinnamic acid, Cytarabinee, and
daunorubicin to inhibit BTG2. Hesperidin has the
highest binding scoring due to the interaction of
hesperidin with BTG2 amino acid residues such as His
49, Cys 67, Arg 69, Asn 71, Asp 75, Arg 112, and Thr
101 by H-bond interaction (Fig 5a, Fig 6a). The AG
equals -7 kcal/mol, while the standard drugs
(Cytarabinee, and daunorubicin) have a AG equal to -5,
and 5.8 kcal/mol for Cytarabinee daunorubicin,
respectively. Previous studies demonstrated a significant
impact of Hesperidin on the prevention of cancer by
restricting the cell cycle in MG-63 cell lines of human
osteosarcoma. Hesperidin interacts with the G2/M phase
of cell cycle arrest at high doses [48, 49]. Furthermore,
another study exhibited the downregulation of STATS3,
STAT2, and STAT1 activity in endometrial carcinoma
cells as a result of Hesperidin administration at high
doses  [50]. Interestingly,  Hesperidin-stopping
hepatocarcinogenesis occurred with diethylnitrosamine
(DEN) through suppressing the PI3K/Akt signaling
pathway. Another work illustrated that Hesperidin
stimulates ERK1/2 and leads to paraptosis [51]. The
molecular dynamics simulation has studied the validity
of the BTG2-hesperidin interaction. The MD study aims
to exhibit the dynamic behavior of BTG2 and
Hesperidin. Also, the determination of the residue of the
active site in BTG2 is needed to work out the catalytic
interaction with the ligand (Hesperidin) and evaluate the
number of H-bonds that will be performed during the

simulation time (100 ns) [46]. In our study, figure 7B
reveals the fluctuations of all complexes containing
BTG2 protein that were observed towards the end of the
simulation, which indicated a significant change in
protein conformations. According to Schreiner and
colleagues, the RMSD refers to the degree of deviation
in protein and protein-ligand complexes due to changes
in protein conformation. Hence, the stability of the
predicted docking BTG2-hesperidin complex (Figure 7b,
7c) provides a significant change in protein
conformation. Interestingly, figure 7f exhibits the
highest number of catalytic residues in all proteins that
can interact with ligands; the Agr 69 residue in the BTG2
protein has a high energy range of -3 to -6 kcal/mol. This
result agrees with the FT mapping in figures 1a, and 1b,
which indicates the best catalytic positive or residue to
interact with ligand, as well as the docking of BTG2 with
Hesperidin; hence, the MD confirmed the predicted
docking between BTG2 and Hesperidin. The
pharmacokinetics of the phytomedicinal herb mentioned
above illustrated the advantages of using Hesperidin as a
potential drug against BTG2 for many reasons, like non-
toxicity, bioavailability, and synthetic accessibility.
Finally, Hesperidin has been made into a stability
complex with BTG2 by applying molecular docking and
molecular ~ dynamics  simulation,  also,  the
pharmacokinetics and Lipinski’s rule.

CONCLUSION

In this study, protein-protein interactions, gene
ontology, and gene enrichment analysis were
investigated to identify the biological pathways related
to BTG2 gene. Then, we examined the pharmacokinetic
properties and toxicity of a group of flavonoid medicinal
herb compounds and drugs using the SwissADME,
pkCSM, and Molsoft LLC websites. Interestingly, the
molecular docking between the medicinal herbs and
AML-standard drugs against the human BTG2 protein
was performed by Auto-dock Vina, and molecular
dynamics simulation was executed by the GROMACS
software package to study the behavior between the
BTG2 protein and the protein-ligand complex. The
results highlighted that the PPI interrelates with those
found in P53 transcriptional gene network pathways, and
gene enrichment analysis exhibited that RNA
degradation was the most significant enrichment
pathway. The results showed that Hesperidin displayed
the highest docking score of —7.0 kcal/mol when
interacting and docking against the BTG2 protein, while
Cytarabinee and Daunorubicin had docking scores of 5.0
and 5.8, respectively. The molecular dynamics results
show conformational alterations with surface residue
fluctuation in BTG2 protein. The best residue in the
BTG2 protein is Arg 69. Finally, hesperidin is a potential
drug against leukemia by inhibiting BTG2 in
computation insight, but we recommend performing
more in vitro and in vivo studies.
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