& frontiers | Frontiers in Molecular Biosciences

’ @ Check for updates

OPEN ACCESS

EDITED BY
Tikam Chand Dakal,
Mohanlal Sukhadia University, India

REVIEWED BY
Fnu Jitender,

City of Hope National Medical Center,
United States

Dwijendra K. Gupta,

Allahabad University, India

Fejveer Singh,

University of Delhi, India

*CORRESPONDENCE
John J. Georrge,
johnjgeorrge@gmail.com

RECEIVED 27 June 2023
ACCEPTED 11 August 2023
PUBLISHED 23 October 2023

CITATION

Abouelwafa M, Ibrahim TM, El-Hadidi MS,
Mahnashi MH, Owaidah AY, Saeedi NH,
Attia HG, Georrge JJ and Mostafa A
(2023), Using CADD tools to inhibit the
overexpressed genes FAP, FN1, and
MMP1 by repurposing ginsenoside C and
Rgl as a treatment for oral cancer.
Front. Mol. Biosci. 10:1248885.

doi: 10.3389/fmolb.2023.1248885

COPYRIGHT

© 2023 Abouelwafa, Ibrahim, El-Hadidi,
Mahnashi, Owaidah, Saeedi, Attia,
Georrge and Mostafa. This is an open-
access article distributed under the terms
of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original author(s)
and the copyright owner(s) are credited
and that the original publication in this
journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Molecular Biosciences

TvpPE Original Research
PUBLISHED 23 October 2023
Dol 10.3389/fmolb.2023.1248885

Using CADD tools to inhibit the
overexpressed genes FAP, FN1,
and MMP1 by repurposing
ginsenoside C and Rqgl as a
treatment for oral cancer

Manal Abouelwafa?, Tamer M. Ibrahim?3, Mohamed S. El-Hadidi?,
Mater H. Mahnashi# Amani Y. Owaidah®, Nizar H. Saeedi®,
Hany G. Attia’, John J. Georrge®* and Amany Mostafa®

'Department of Bioinformatics, Christ College, Rajkot, Gujarat, India, 2Department of Pharmaceutical
Chemistry, Faculty of Pharmacy, Kafrelsheikh University, Kafrelsheikh, Egypt, *Bioinformatics Group,
Center for Informatics Sciences, School of Information Technology and Computer Science, Nile
University, Giza, Egypt, “Department of Pharmaceutical Chemistry, College of Pharmacy, Najran
University, Najran, Saudi Arabia, *Department of Clinical Laboratory Sciences, College of Applied Medical
Sciences, Imam Abdulrahman bin Faisal University, Dammam, Saudi Arabia, *Department of Medical
Laboratory Technology, Faculty of Applied Medical Sciences, University of Tabuk, Tabuk, Saudi Arabia,
’Department of Pharmacognosy, College of Pharmacy, Najran University, Najran, Saudi Arabia,
8Department of Bioinformatics, University of North Bengal, West Bengal, India, °Nanomedicine and Tissue
Engineering Laboratory, Medical Research Centre of Excellence, National Research Centre (NRC), Cairo,
Egypt

Oral cancer is one of the most common cancer types. Many factors can express
certain genes that cause the proliferation of oral tissues. Overexpressed genes
were detected in oral cancer patients; three were highly impacted. FAP, FN1, and
MMP1 were the targeted genes that showed inhibition results in silico by
ginsenoside C and Rgl. Approved drugs were retrieved from the DrugBank
database. The docking scores show an excellent interaction between the
ligands and the targeted macromolecules. Further molecular dynamics
simulations showed the binding stability of the proposed natural products. This
work recommends repurposing ginsenoside C and Rgl as potential binders for the
selected targets and endorses future experimental validation for the treatment of
oral cancer.
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1 Introduction

Computer-aided drug design (CADD) is a more time-efficient and cost-effective method
than traditional drug-design techniques. In the past, it could take approximately 13 years to
develop a treatment (Wooller, Benstead-Hume, Chen, Ali and Pearl, 2017). Drug targets
could be enzymes, proteins, or genes. These targets must either be inhibited in the case of
over-expression or activated in the case of downregulation (Smith et al., 2010; Rufer, 2021).
Finding ligands for particular targets could help in the next stage of drug discovery in vivo
and in clinical trials (Togre, Vargas, Bhargavi, Mallakuntla and Tiwari, 2022). Recently,
CAAD has become more developed and involves artificial intelligence and machine learning
(Deng, Yang, Ojima, Samaras and Wang, 2022).
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FIGURE 1

(A): The interaction with FAP protein, ginsenoside C, and Rgl showing the amino acids (B): The interaction between FN1 protein and ginsenoside C
showing the amino acids (C): The interaction between MMP1 protein and ginsenoside C showing the amino acids.

For centuries, drug discovery was a very long and complex method
that cost substantial money and time, and led the loss of patients during
experiments. After discovering in silico studies, the impact on humanity
was significant. Due to the increasing number of diseases, researchers
could develop drug discovery methods. Molecular docking is one of the
most effective drug discovery tools. It is a way to find out the
mechanism of the ligand or molecule in defense of the disease.
Many CAAD tools are available to predict adverse effects, target
fishing and profiling, drug repurposing, and the prospective drug
target (Pinzi and Rastelli, 2019).

Small molecules are docked into macromolecular structures
using a method known as molecular docking to score their
complementary values at the binding sites (Saikia and Bordoloi,
2019). Many CAAD tools can accurately model and predict target
protein’s active sites. Molecular docking strategies, such as structure
and ligand-based methods, are used in drug discovery (Ferreira, Dos
Santos, Oliva and Andricopulo, 2015). More attractive and well-
designed tools will be available as long as there is a demand for drug
discovery. Since it provides a more significant percentage of the
interaction, the simulation approach was created as a technique for
drug design. The physiological environment can demonstrate the
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true stability of the binding sites for ligands and macromolecules
(Lin et al., 2020).

Precancer describes the signs in a normal cell that could transform
to cancer. (Lopez-Lopez et al., 2015). searched pre-oral cancer lesion
prevention keywords from 2005 to 2015 and clinical trials from
January 2011 to 2015. The authors referred to the less significant
patterns between pre-oral cancer lesions and early diagnosis (Lopez-
Lopez, Omana-Cepeda and Jane-Salas, 2015). However, some oral
conditions might present before oral cancer, such as erythroplakia,
leukoplakia, lichen planus, and submucosal fibrosis (Abati, Bramati,
Bondi, Lissoni and Trimarchi, 2020). The normal oral microbial flora
is pivotal in maintaining a normal oral physiological environment. On
the other hand, insufficient self-hygiene can lead to oral diseases like
periodontal and tooth loss. In a small number of cases, the oral
microbiome can be developed into oral cancer or a chronic disease.
The oral cavity can contain over 700 microbial species such as
bacterium, fungi, and viruses, which can change the mechanism of
cells by unhealthy practices (chewing tobacco) and cause oral cancer,
similar to the case of H. Pylori causing gastric cancer (Gholizadeh
et al,, 2016). Candida is one of these fungi infections, which is very
normal, but in abnormal circumstances, it can cause oral cancer
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(A-C): protein total residues, chain atoms, heavy atoms, and charged atoms for the four complexes.
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(A—C): Root mean square fluctuation (RMSF) for four complexes in which the mean is not over 2.5 A”.
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(A—C): Protein secondary structure elements (SSE); alpha shown in red and beta strands shown in blue.
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(A—-C): ligand properties for four ligands as root mean square (RMSD) for ligands, radius of gyration (rGYr), intramolecular hydrogen bonds (intra HB),
molecular surface area (MolSA), solvent accessible surface area (SASA), and polar surface area (PSA).

(Tarapan et al,, 2019). Another type of risk factor for oral cancer is
herpes simplex virus (HSV), which can form oral squamous cell
carcinomas and interfere with the cell cycle by encoding viral
oncoproteins. The mechanism of this development is that
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HSV1 causes ocular and oral infections, and HSV2 leads to genital
infections (D’Souza and Addepalli, 2018). All these risk factors can
lead to oral cancer, but one cannot be sure that these factors are the
main reason for oral cancer.
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(A-C): Ligand's torsion plot.
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(A—-C): The ligand root mean square fluctuation (L-RMSF) for the four complexes.

The frequency of oral cancer has increased over the past
10 years, and it is typically diagnosed later when symptoms first
appear. According to data from the Global Cancer Observatory
(GCO), there were 377,713 new cases of oral squamous cell
carcinoma (OSCC) reported annually in the world in 2020, with
Asia recording the highest number of cases (248,360), followed
by Europe (65,279) and North America (27,469) (Deng et al.,
2022). Cases found in young patients were linked to alcohol and
tobacco use, and insufficient self-care habits (Macfarlane et al,,
1994; Sciubba, 2001; Ali et al., 2017; Ghantous and Elnaaj, 2017).
The estimated 5-year overall survival rate for oral cancer has
stayed at a dismal 50% over the past several decades. It has been
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among the worst cancer death rates, being much lower than
cancer of colorectal, cervical, and breast origin. The lack of early
detection and diagnosis mainly causes this. Although there have
been considerable advancements in cancer treatment, the best
method to preserve patients’ lives and enhance their quality of
life is through early detection of oral cancer and its treatable
antecedents (Napier and Speight, 2008; van der Waal, 2010).
FAP, FN1, and MMP1 are overexpressed as well as playing a vital
role in anti-apoptosis and leading to oral cancer (Nariai,
Mishima, Yoshimura and Sekine, 2011; Ying et al., 2022).
Moreover, FN1 could affect the immune response in oral
cancer cells (Peng et al., 2023).
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(A—C): The Root Mean Square Deviation (RMSD) for the four complexes Protein RMSD: The above plot shows the RMSD evolution of a protein (left
Y-axis). All protein frames are first aligned on the reference frame backbone, and then the RMSD is calculated based on the atom selection. Ligand RMSD:
Ligand RMSD (right Y-axis) indicates how stable the ligand is regarding the protein and its binding pocket. In the above plot, "Lig fit Prot’ shows the RMSD of
a ligand when the protein-ligand complex is first aligned on the protein backbone of the reference, and then the RMSD of the ligand heavy atoms is

measured.

This study aimed to learn more about oral cancer and discover a
cutting-edge treatment. One of the most crucial techniques in drug
design is repurposing already approved medications. We currently
have three possible therapeutic targets that may influence future
research on oral cancer. One of the most used techniques in the
pharmaceutical industry is computer-aided drug discovery. The
study provides a novel therapy strategy for oral cancer, for
which, considered to be one of the most severe diseases, there is
little knowledge of effective treatments. More research is necessary
to stop the rising incidence of oral cancer patients.

2 Materials and methods
2.1 Retrieval of protein 3D structure

Many genes can affect oral cancer expression. These genes can be
up-regulated or down-regulated. When overexpressed, they enhance
the cancer cells. Fibroblast activation protein (FAP), Fibronectin 1
(FN1), and Matrix metalloproteinase-1 (MMP1) are overexpressed
genes that are associated with oral cancer prognosis (Syed et al,
2020; Zhang et al, 2022; Zhou et al, 2022). The FAP, FNI, and
MMP1 proteins were obtained from the Protein Data Bank (PDB)
(https://www.rcsb.org/), one of the largest databases for 3D structures
(Berman et al., 2000). FAP, FN1, and MMP1 proteins were identified as
PDB IDs: 1268, 3m7p, and 3shi, respectively.

Frontiers in Molecular Biosciences

2.2 Ligand construction

A total of 2021 approved drugs were retrieved from the
DrugBank (https://go.drugbank.com/) database. The approved
drugs can be repurposed, which means one drug can be used for
more This
bioinformatics/cheminformatics resource that combines drug data

than one disease. drug database is a
with comprehensive drug target information (Wishart et al., 2006).
LigPrep modules of Schrodinger version 12.8 prepared the ligands.

The OPL4 force field was used to prepare the ligands.

2.3 Molecular docking

Molecular docking studies were performed using the virtual
screening workflow of Schrodinger version 12.8. The top 10% of
molecules from each step, high-throughput virtual screening
(HTVS), standard precision (SP), and extra precision (XP), were
screened out, and the results were analyzed.

2.4 Molecular dynamics

Molecular dynamics simulation was done using Desmond v. 12 to
examine the stability of the interaction of the molecules in the complexes
FAP protein and ginsenoside C (1z68- DB06748), FAP protein and Rgl
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(A—C): A timeline representation of the interactions and contacts (H-bonds, Hydrophobic, lonic, Water bridges) of all four complexes.

(1z68-DB06750), N1 protein and ginsenoside C (3m7p-DB06748), and
MMP1 protein and ginsenoside C (3shi-DB06748).

One of the quickest simulation tools is Desmond of Schrédinger,
which runs at a rate of 471 nanoseconds per day on the 1,024 cores of
the InfiniBand cluster (Chow et al,, 2008). Designing proteins with
capped termini and hydrogen bonds required Maestro 12.7. Desmond
was used to do simulations and molecular minimization using default
settings (Li et al,, 2019). The system designed to limit the shape of water
molecules and heavy atom bond lengths with hydrogen used the
counter ions shake technique. Using the Particle Mesh Ewald (PME)
approach and orthorhombic equations, the electrostatic interaction was
implemented as periodic boundary conditions (PBC) (Srivastava, Garg,
Srivastava and Seth, 2021). It was important to choose the protein-
ligand with the lowest binding energy.

Frontiers in Molecular Biosciences

3 Results
3.1 Molecular docking

The purpose of including this database is to repurpose
approved drugs to cure oral cancer. After complete docking
with all approved drugs, the results were very promising. They
showed that ginsenoside molecules interacted well with the three
proteins with good docking scores. In addition, ginsenoside C
(DB06748) interacted with all proteins as FAP (-12.142 kcal/
mol), FN1 (-14.142 kcal/mol), and MMP1 (-9.415 kcal/mol).
Moreover, DB06750 (ginsenoside Rgl) interacted with FAP
with the best score (-11.303 kcal/mol). Supplementary Table
S1; Figure 1A show the amino acid interaction FAP protein
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(A—C): Protein-ligand interactions (or ‘contacts’) are categorized into Hydrogen Bonds, Hydrophobic, lonic and Water Bridges. Each interaction type
contains more specific subtypes, which can be explored through the ‘Simulation Interactions Diagram’ panel. The stacked bar charts are normalized
throughout the trajectory: for example, a value of 0.7 suggests that the specific interaction is maintained for 70% of the simulation time. Values over
1.0 are possible as some protein residue may make multiple contacts of the same subtype with the ligand.

with ginsenoside C and Rg1 (1268- DB06748 and 1268-DB06750)
1 (B) show the amino acid interaction between FN1 protein and
ginsenoside C (3m7p-DB06748), and 1 (C) show the amino acid
interaction between MMP1 protein and ginsenoside C (3shi-
DB06748).

3.2 Molecular dynamics

3.2.1 Protein information

Figures 2A-C depicts the total protein residues, and chain,
heavy, and charged atoms for the four complexes 1268-DB06748,
1268-DB06750, 3m7p-DB06748, and 3shi-DB06748, respectively.
The RMSF A’ (root mean square fluctuation) for the three targeted
proteins (FAP, FN1, and MMP1) with (Ginsenoside C and Rgl)
ligands is not greater than 2.5 A°, as shown in Figures 3A-C.
Furthermore, Figures 4A-C depicts the protein’s secondary
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structure elements, with alpha strands in red and beta strands
in blue.

3.2.2 Ligand information

Figures 5A-C displays the properties of four ligands,
including the root mean square (RMSD) for the ligands, the
radius of gyration (rGYr), the number of intramolecular
hydrogen bonds (intra HB), the molecular surface area
(MoISA), the solvent accessible surface area (SASA), the
surface area of a molecule that is accessible by a water
molecule, and the polar surface area (PSA). The ligand torsion
diagram shown in Figures 6A-C depicts the conformational
evolution of each rotatable bond (RB) along the simulation
trajectory (0.00-100 nsec).

Figures 7A-C illustrates the calculation of root mean square
(L-RMSF) to maintain the changes in the locations of the ligand
atoms. According to the 2D structure in the top panel, L-RMSF
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1268-DB06750

3shi-DB06748

(A—C): A schematic of detailed ligand atom interactions with the protein residues. Interactions that occur more than 30.0% of the simulation time in

the selected trajectory (0.00 through 100.00 nsec).

displays the ligand’s fluctuations broken down by the atom. We
can understand how ligand fragments interact with proteins and
have an entropic role in the binding event by using the ligand
RMSE. The “Fit Ligand on Protein” line in the bottom panel
displays the ligand fluctuations concerning the protein. The
protein-ligand complex is first aligned on the protein
backbone before measuring the ligand RMSF on the ligand-
heavy atoms. The “Ligand” line depicts fluctuations where the
ligand in each frame is lined up with the ligand in the reference
frame. The fluctuations of this line are measured for the ligand-
heavy atoms. These RMSF values represent the ligand’s internal
atom variations.

The ligand-receptor complex’s stability can be forecast by RMSD
readings. A minor adjustment to the RMSD could result in increased
binding stability. Figures 8A-C displays the RMSD of the four
9A-C  depict the
interactions as H-bonds, hydrophobic, ionic, and water bridges.

complexes.  Figures representation  of

The number of distinct interactions the protein has with the ligand
overall during the trajectory is displayed in the top panel. The
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residues that interact with the ligand in each trajectory frame are
shown in the bottom panel. According to the scale to the right of the
plot, some residues have multiple specific contacts with the ligand,
which is depicted by a darker orange color. These interactions are
shown in Figures 10A-C. Moreover, the schematic detail of the
ligand-atom interaction with protein residues are shown in Figures
11A-C.

4 Discussion

Cancer comes from gene dysfunction, leading to cell
proliferation mutations and irregularly affecting cell growth.
Different oncogenes families can affect cancer proliferation as
RAS, especially in human genes. The specific role of the RAS
family is unclear, but by further studying oncogenes, it becomes
more likely that the progression of cancer could be stopped (Benisty,
Weber, Hernandez-Alias, Schaefer and Serrano, 2020). Oral cancer
is one of the most perilous types because of the alteration of genes

frontiersin.org


https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org
https://doi.org/10.3389/fmolb.2023.1248885

Abouelwafa et al.

related to some behaviors. Many studies state that the main reason
for gene alteration and silent mutation in oral cancer is having bad
habits such as smoking and chewing tobacco. One of the reasons for
the difficulty of studying the genetics of oral cancer is its type, being
related to solid tumors that are not stable (Ali et al., 2017). As there
are no specific biomarkers for oral cancer, this in silico study could
help in the prognosis and diagnosis of the disease.

Molecular docking studies could lead to drug discovery. MD
simulation has given many possibilities for novel drugs and drug
repurposing to be used in defense of cancer (Yalcin-Ozkat, 2021). As
it is widely used in Chinese medicines, Lin et al. examined
hydroxychloroquine (HQ) to know more about its mechanism
against prostate cancer using molecular docking (Lin et al., 2022).

Our study’s molecular docking results show high docking scores
between the three target proteins (FAP, FN1, and MMP1) and
ginsenoside C & Rgl. This creates four stable complexes (1z68-
DB06748, 1268-DB06750, 3m7p-DB06748, and 3shi-DB06748). The
three (FAP, FNI1, and MMPI) overexpressed genes show a
significant potentiality for oral cancer development (Wang et al,
2014; Yang et al,, 2021; Wu et al,, 2022). The suggested way to
control oral cancer is to inhibit and downregulate the targeted genes.

Using the DrugBank database as a ligand library, the approved
drugs were repurposed to be used against oral cancer targets. The
results show the interaction with ginsenoside derivatives, a natural
base product that showed an effect against certain cancer types. The
main role of ginsenosides is stopping the cell cycle by inducing
apoptosis and inhibiting angiogenesis. Ginsenoside has attracted
considerable attention for its use in cancer treatments (Wang,
Anderson, Du, He and Yuan, 2016). Tang et al. showed that
ginsenoside Rgl plays a vital role in cell proliferation inhibition
in acute myeloid leukemia (LAM) patients (Tang et al, 2020).
Moreover, ginsenoside Rgl significantly influences breast cancer
treatment by inhibiting the expressed genes (Li et al., 2014).

The docking results show that the interaction between the molecules
and the particular amino acids might inhibit the expression of our
targeted proteins (FAP, FN1, and MMP1). The MD simulation process
gave an accurate image of the possibility of oral cancer target inhibition.
The protein-ligand complexes show stability under the physiological
environment, creating significant possibilities in oral cancer treatment.
This study not only refers to oral cancer treatment but also provides a
comprehensive overview of the prospective targets.

5 Conclusion

In this study, we focused on oral cancer, which threatens future
generations and is increasing rapidly because of a lack of information
and many other factors, such as drinking alcohol, smoking, chewing
tobacco, viruses, and other habits and infections. A person’s lifestyle
may play an important role in the development of oral cancer
symptoms. However, new factors have been identified in the
attempt to avoid oral cancer, and new information and the latest
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