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ARTICLE INFO ABSTRACT

Keywords: Objectives: To reveal the mechanisms underlying the epigallocatechin-3-gallate (EGCG)-mediated inhibition of
Oral leukoplakia o carcinogenesis and the related regulatory signaling pathways.

Oral submucosal fibrosis Design: The effect of EGCG on the proliferation of OSCC cells was examined. SuperPred, ChEMBL, Swiss Tar-

Oral squamous cell carcinoma

. . getPrediction, DisGeNET, GeneCards, and National Center for Biotechnology Information databases were used to
Epigallocatechin-3-gallate

predict the EGCG target genes and oral leukoplakia (OL)-related, oral submucosal fibrosis (OSF)-related, and
OSCC-related genes. The binding of EGCG to the target proteins was simulated using AutoDock and PyMOL. The
Cancer Genome Atlas (TCGA) dataset was subjected to consensus clustering analysis to predict the downstream
molecules associated with these targets, as well as their potential functions and pathways.

Results: EGCG significantly inhibited OSCC cell proliferation (p < 0.001). By comparing EGCG target genes with
genes linked to oral potentially malignant disorder (OPMD) and OSCC, a total of eleven potential EGCG target
genes were identified. Furthermore, EGCG has the capacity to bind to eleven proteins. Based on consensus
clustering and enrichment analysis, it is suggested that EGCG may hinder the progression of cancer by altering
the cell cycle and invasive properties in precancerous lesions of the oral cavity. Some possible strategies for
modifying the cell cycle and invasive properties may include EGCG-mediated suppression of specific genes and
proteins, which are associated with cancer development.

Conclusions: This study investigated the molecular mechanisms and signaling pathways associated with the
EGCG-induced suppression of OSCC. The identification of specific pharmacological targets of EGCG during
carcinogenesis is crucial for the development of innovative combination therapies involving EGCG.

1. Introduction 2014). The development of oral cancer involves epigenetic alterations

and discrete molecular genetic changes that are acquired from the loss of

Oral cancer is a common malignant tumor of the oral cavity (Parris genomic integrity after prolonged exposure to environmental or dietary

etal., 2014; Sand & Jalouli, 2014). The most frequent malignancy of the risk factors (Papagerakis et al., 2014; Wang et al., 2014). Thus, the

oral cavity is oral squamous cell carcinoma (OSCC), accounting for more development of oral cancer is a chronic process and mostly involves the
than 90 % of oral malignancies (Islam et al., 2014; Giineri & Epstein, transformation of oral potentially malignant disorder (OPMD).
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OPMDs are a major group of mucosal disorders that may precede the
diagnosis of OSCC (Warnakulasuriya et al., 2007). Oral leukoplakia (OL)
is the most frequently encountered representative OPMD (Aguirre-Ur-
izar et al., 2021). The previously reported rates of malignant trans-
formation for OL are highly variable (0.13-34.0 %) (Warnakulasuriya &
Ariyawardana, 2016). Additionally, oral submucosal fibrosis (OSF) is a
type of OPMD, which leads to stiffness in oral mucosa, fibrous banding,
limitation in mouth opening, and the development of OSCC (in some
cases) (Cox & Walker, 1996; Warnakulasuriya, 2018). Iocca et al.
recently reported that the overall global estimate of the malignant
transformation rate for OSF was 5.2 % (99 % confidence interval =
2.9-8.0 %) based on four studies (Iocca et al., 2020). Thus, there is an
urgent need to prevent the transformation of potentially malignant
diseases into cancer. Despite advancements in preventing and treating
oral diseases, there remain numerous obstacles, such as the unfavorable
reactions caused by medication and the inconsistent effectiveness of
treatment. As a result, the study of natural products has become a
prominent area of research.

In recent decades, numerous preclinical and epidemiological in-
vestigations have demonstrated the pivotal function of green tea in
averting various age-related ailments, such as cardiovascular disease,
diabetes, and even cancer (Filippini et al., 2020; Khan & Mukhtar, 2019;
Liu et al., 2008; Mu et al., 2003; Nakachi et al., 2000). Intriguingly,
consuming significant quantities of green tea can reduce the likelihood
of developing gastric cancer (Hou et al., 2013), liver cancer (Ni et al.,
2017), oral cancer (Wang et al., 2014), breast cancer (Sun et al., 2006),
and prostate cancer (Johnson et al., 2010). Epigallocatechin-3-gallate
(EGCQG) is the most abundant polyphenol in green tea. One cup of
1.25 % w/v green tea (250 mL) comprises approximately 177 mg EGCG
(Lambert & Yang, 2003; Yang et al., 2007). Several studies have
demonstrated the preventive effects of EGCG against cancers at various
sites, including the skin, lung, breast, colon, liver, stomach, and prostate
(Mukhtar & Ahmad, 2000; Yang et al., 2002). At present, there are
limited studies on the inhibitory effects of EGCG on oral cancer.Previous
reports have demonstrated that EGCG can impede the growth and
movement of oral cancer cells by reducing the phosphorylation of EGFR
(Belobrov et al., 2019). Furthermore, EGCG can induce G1 phase arrest
of tumor cells, which affects their ability to proliferate (Yoshimura et al.,
2019). Additionally, EGCG can impact the apoptosis and invasion of oral
cancer cells by modulating classical molecules and signaling pathways
such as CASP8, MYC, and Hippo pathway (Li et al., 2018; Irimie et al.,
2015). Nonetheless, there are still few studies regarding the specific
binding targets of EGCG in oral cancer.

Based on clinical trials examining EGCG intervention in cervical
cancer (Garcia et al., 2014), breast cancer (Arikawa et al., 2017; Dostal,
Arikawa et al., 2016; Dostal, Samavat et al., 2016; Samavat et al., 2016;
Samavat et al., 2019), and bladder cancer (Kumar et al., 2017; Kumar,
Pow-Sang, Spiess, Park, Salup et al., 2016; Kumar, Pow-Sang, Spiess,
Park, Chornokur et al., 2016; Zhang et al., 2016), it has been revealed
that EGCG is well-tolerated and safe when administered during the
advanced stages of cancer or following cancer surgery, but it is not
effective in treating tumors. However, in a clinical trial focusing on
precancerous lesions of prostate cancer, researchers discovered that
EGCG has the potential to inhibit tumor growth and recommended early
intervention during cancer cell transformation (Bettuzzi et al., 2006;
Brausi et al., 2008; Aggarwal et al., 2022). This suggests that EGCG has
substantial potential as a preventive treatment for potential malig-
nancies, but there are currently no reports on its preventive treatment
effect in suppressing the progression of potential malignant diseases in
the oral cavity to cancer.

This study validates the growth-suppressing effects of EGCG on OSCC
and predicts, for the first time, its possible direct binding targets and
related signaling pathways that could obstruct the transformation pro-
cess of oral cancer. This study utilized bioinformatics analysis of avail-
able data and molecular docking techniques to explicate the potential
molecular targets and mechanisms of EGCG in hindering the
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transformation of oral cancer (Fig. 1). Hence, it establishes a theoretical
basis for translating the preventative efficacy of EGCG in precancerous
lesions into clinical applications and potentially serves as a natural
remedy for early preventive treatment of potential malignant diseases in
the oral cavity.

2. Materials and methods
2.1. Cell culture

HNG6 and CAL-27 cells were cultured in Dulbecco’s modified Eagle’s
medium (Gibco, USA) supplemented with 10 % fetal bovine serum
(Gibco, USA) in a humidified cell culture incubator at 37 °C and 5 %
CO,.

2.2. Cell proliferation

To determine the optimal concentration of EGCG, the HN6 cells
seeded in 6-well plates at a density of 2.0 x 10° cells/ well were treated
with 50, 100, and 200 pM EGCG (Selleck, USA, S2250). The treated cells
were trypsinized every 24 h, and the number of cells was quantified
using the CountStar automated cell counter. To evaluate cell prolifera-
tion, HN6 and CAL-27 cells were seeded in 6-well plates at a density of
2.0 x 10° cells/well. After the cells were completely adherent, 200 pM
EGCG was added. The images were captured from the central region at
24 and 48 h at a magnification of 20 x. The cells were digested for
counting after capturing representative images of the morphology of
each specimen.

2.3. Cell migration (Wound healing assay)

HN6 and CAL-27 cells (2 x 10° cells/well) were seeded in 6-well
plates. After the complete adherence of cells, the cells in the experi-
mental and control groups were incubated with 200 pM of EGCG and an
equal volume of dimethyl sulfoxide, respectively, for 24 h in a cell
incubator. A pipette tip was used to scratch the surface of the cell
monolayer in a straight line. The images of the monolayer were captured
at 24 h post-scratching.

2.4. Predicting the potential targets of EGCG

The following three databases were used to predict the targets of
EGCG: SuperPred Database (https://prediction.charite.de/) (Nickel
etal., 2014), ChEMBL (https://www.ebi.ac.uk/chembl/) (Gaulton et al.,
2017), and Swiss TargetPrediction (http://www.swisstargetprediction.
ch/) (Daina et al., 2019).

2.5. Disease-related gene sets

The following three databases were used to retrieve genes related to
OL, OSF, and OSCC: DisGeNET (http://www.disgenet.org/home/)
(Pinero et al., 2015), GeneCards (http://www.genecards.org/) (Safran
et al., 2010), and National Center for Biotechnology Information (NCBI;
https://www.ncbi.nlm.nih.gov/gene/) (Sayers et al., 2022).

2.6. Molecular Docking

The compound name, molecular weight, and three-dimensional (3D)
structure were determined using the PubChem database (https://pubch
emdocs.ncbi.nlm.nih.gov/) (Kim et al., 2021). The 3D structure corre-
sponding to the active components was downloaded from the RCSB PDB
database (http://www.rcsb.org/) (Berman et al., 2003). AutoDock and
PyMOL were used to prepare the ligands and proteins for molecular
docking. The crystal structure of the target proteins required pretreat-
ment, including removal of water molecules, hydrogenation, modifying
amino acids, optimizing energy, and adjusting the force field
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Fig. 1. Flowchart for elucidating the molecular mechanisms of epigallocatechin-gallate (EGCG).

parameters, to satisfy the low-energy conformation of the ligand struc-
ture. Finally, the target structure and the active component structure
were docked using vina implemented in PyRx software (Eberhardt et al.,
2021). To verify the accuracy of our docking results, we performed
redocking using Schrodinger as well (Bhachoo & Beuming, 2017). The
affinity (kcal/mol) value, which represents the binding ability of the two
substances, is inversely proportional to the binding between the ligand
and the receptor. The results were analyzed and visualized using the
Discovery Studio software.

2.7. Molecular Dynamics (MD) simulation

We utilized the Gromacs 2022 software along with the AMBER 19
force field to simulate the complex (Pronk et al., 2013). Our initial step
involved implementing a periodic boundary condition and surrounding
all atoms with a cubic box that had a distance of 10 A. To solvate the
system, TIP3P water molecules were introduced with a density of
0.10 g/mL. Throughout the simulation, we maintained a temperature of
298 K and a pressure of 1 bar. To calculate long-range electrostatic in-
teractions, we used the particle mesh Ewald method with an 8 A cutoff.

Throughout the MD simulation, we used a 2 fs time step and saved
simulation snapshots at 25 ps intervals. We conducted a 100 ns

simulation for each system and analyzed the complex RMSD and protein
RMSF by scrutinizing the MD trajectories. To analyze the binding en-
ergy, we employed gmx MMPBSA (Valdés-Tresanco et al., 2021).

2.8. Consensus clustering analysis

Consensus clustering analysis was performed with the TCGA dataset
based on eleven target genes using the R package DESeq2 (Love et al.,
2014) for differential analysis according to the subgroup. The criteria for
the differentially upregulated genes were as follows: log fold change
(FC) > 1 and adjusted P-value < 0.05. Meanwhile, the criteria for the
differentially downregulated genes were as follows: log FC < —1 and
adjusted P-value < 0.05. Heatmap was constructed for targeted and
differential genes using the pheatmap package, and the differential gene
results were saved for subsequent enrichment analysis.

2.9. Enrichment analyses

Gene ontology (GO) analysis (Gene Ontology Consortium, 2015) is
commonly used to perform large-scale functional enrichment analyses
based on the enrichment of genes in the terms biological process (BP),
cellular components (CC), and molecular functions (MF). Meanwhile,
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Kyoto Encyclopedia of Genes and Genomes (KEGG) (Kanehisa & Goto,
2000) is a widely used database of genomes, biological pathways, dis-
eases, and drugs. The R package clusterProfiler was used to perform GO
annotation analysis and KEGG pathway enrichment analysis with the
potential target genes of EGCG involved in OSCC carcinogenesis. Dif-
ferences were considered significant at a false discovery rate of < 0.05.

Gene set enrichment analysis (GSEA), which is a computational
method to analyze if a particular gene set is significantly different be-
tween two biological states, is commonly used to estimate changes in
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biological process and pathway in the expression datasets of samples.

2.10. Statistical analysis

All statistical analyses were performed using the R program (https://
www.r-project.org/ Magi version 4.0.2). For continuous variables, the
means of normally distributed variables were estimated using
independent-samples t-test. Meanwhile, the means of non-normally
distributed variables were analyzed using Mann-Whitney U-test (or
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Fig. 2. Epigallocatechin-3-gallate (EGCG) inhibited oral squamous cancer cell proliferation and migration. A-B. The representative images of cell proliferation assays
with HN6 and CAL-27 cells. C-D.The representative images of wound healing assays with HN6 and CAL-27. (magnification = x20).


https://www.r-project.org/
https://www.r-project.org/

F. Jing et al.

Wilcoxon rank sum test). All statistical tests were two-sided. Differences
were considered at P < 0.05.

3. Results
3.1. EGCG inhibited the proliferation and migration of OSCC cells

HN6 cells were treated with different concentrations of EGCG to
define the optimal concentration that exerts growth-inhibitory effects on
OSCC. At a concentration of 50 pM, EGCG markedly inhibited the pro-
liferation of OSCC cells. Additionally, EGCG dose-dependently inhibited
the proliferation of OSCC cells (Supplementary Fig. 1), and 200 pM was
chosen for further experiments. The results of experiments with HN6
and CAL-27 cells treated with 200 pM EGCG were similar to those of the
preliminary experiments (Fig. 2A-B). In addition to the inhibition of cell
proliferation, EGCG significantly altered cell morphology. This indi-
cated that EGCG also regulated the relevant functions of the
cytoskeleton.

To examine the effect of EGCG on the migration of OSCC cells,
wound healing assays were performed with EGCG-treated HN6 and CAL-
27 cells. The cells in the control group migrated to the wound area. In
contrast, EGCG-treated cells did not migrate to the wound area
(Fig. 2C-D). This indicates that EGCG significantly inhibited the
migration of oral tumor cells.

EGCG target genes  OSF related genes

EGCG target genes
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3.2. Molecular mechanism of EGCG

Next, the molecular mechanism underlying the tumor suppressor
effects of EGCG was evaluated. SuperPred, ChEMBL, and Swiss Target-
Prediction databases were used to predict the potential target genes of
EGCG. Simultaneously, genes related to OSF, OL, and OSCC were
retrieved from DisGeNET, GeneCards, and NCBI databases. The poten-
tial target genes of EGCG were intersected with the disease-related
genes. A Venn diagram was used for visualizing the intersecting genes
(Fig. 3A-C). Finally, the target genes of EGCG related to OSF, OL, and
OSCC were intersected to obtain the key genes targeted by EGCG that
may play a role in carcinogenesis (Fig. 3D). All target genes of EGCG
were visualized using Cytoscape software (Fig. 3E).

3.3. Molecular docking and molecular dynamics

To examine the binding of EGCG to the target proteins, simulated
molecular docking and visualization were performed using the Auto-
Dock, PyMOL, and Discovery Studio software. EGCG exhibited differ-
ential binding capacities with MMP2 (Fig. 4A), HIF1A (Fig. 4B), MMP9
(Fig. 4C), VEGFA (Fig. 4D), NOS2 (Fig. 4E), CA9 (Fig. 4F), ITGB1
(Fig. 4G), CDK1 (Fig. 4H), BCL2 (Fig. 41), TERT (Fig. 4J), and APEX
(Fig. 4K) (Supplementary Table S1). The 3D models of EGCG in the
active sites of proteins are shown in the ray tracing diagram.
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Fig. 3. Target genes of epigallocatechin-3-gallate (EGCG) involved in carcinogenesis. A-C. Venn diagram of EGCG target genes and oral submucosal fibrosis (OSF)-
related, oral leukoplakia (OL)-related, and oral squamous cell carcinoma (OSCC)-related genes. D. The intersection of the EGCG target genes and the OSF-related, OL-
related, and OSCC-related genes. E. Target genes of EGCG involved in carcinogenesis.
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Fig. 4. Molecular docking using vina of epigallocatechin-3-gallate (EGCG) with target proteins. A-K. Binding of EGCG with MMP2 (A), HIF1A (B), MMP9 (C), VEGFA

(D), NOS2 (E), CA9 (F), ITGB1 (G), CDK1 (H), BCL2 (I), TERT (J), and APEX (K).

We employed the Schrodinger software to re-dock the molecules
(Supplementary Fig. 2), which uncovered that EGCG could bind to
eleven proteins (Supplementary Table S2). To authenticate this discov-
ery, we screened for two proteins, namely CDK1 and NOS2, with good
binding affinity, as well as two proteins, ITGB1 and VEGFA, with poor
binding affinity, based on the molecular docking free energy. Subse-
quently, we conducted a molecular dynamics analysis to investigate the
binding of EGCG with these four proteins. We extracted the root mean
square deviation (RMSD), root mean square fluctuation (RMSF) of the
small molecule and protein complexes, as well as the number of
hydrogen bonds between the protein and small molecule over time from
the 100 ns trajectory (Supplementary Fig. 3). Following 50 ns, the
RMSD of the CDK1-EGCG complex, NOS2-EGCG complex, and ITGB1-
EGCG complex achieved a steady state of around 0.2 nm, indicating
that these three proteins and the small molecule reached equilibrium.
However, the RMSD of the VEGFA-EGCG complex exhibited slight
fluctuations, suggesting a less stable binding between VEGFA and EGCG.

Additionally, the RMSF of VEGFA-EGCG was slightly larger due to its
poor binding affinity. The number of hydrogen bonds between CDK1-
EGCG and NOS2-EGCG reached a stable state of 4 and 3, respectively,
after 50 ns, while the hydrogen bonds of ITGB1-EGCG and VEGFA-EGCG
fluctuated during the 100 ns trajectory.

After analyzing the trajectories and using the gmx_mmpbsa program
to calculate the molecular mechanics generalized Born surface area
(MM/GBSA) binding free energy (Supplementary Fig. 4), we determined
that EGCG could bind to four proteins, with binding free energy values
of —23.34 kcal/mol for CDK1, —35.38 kcal/mol for NOS2, —20.52 kcal/
mol for ITGB1, and —14.62 kcal/mol for VEGFA. We used the MM/
GBSA binding free energy decomposition to ascertain the contribution of
amino acid residues to the binding energy. Our results indicated that
VEGFA had significantly fewer active sites that promoted molecular
binding. These findings corroborated the molecular docking results,
demonstrating that EGCG could bind to all four proteins, but with
stronger binding affinity observed for CDK1 and NOS2, whereas the
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binding with ITGB1 and VEGFA was less stable.

3.4. Consensus clustering analysis of eleven target genes

To analyze the downstream molecules potentially affected by EGCG
target genes and the related biological functions, consensus clustering
analysis was performed based on the expression of the target genes using
TCGA datasets. The classification of the data into two subtypes could
best reflect the characteristics of the data. Increasing the number of
subtypes increased the outlier data (Fig. 5A). This grouping information
was used to generate the relevant heatmap of the target genes (Fig. 5B).
The gene expression trends were not consistent although they exhibited
characteristic expression patterns according to the grouping informa-
tion. Next, the heatmap of typical differentially expressed genes
(Fig. 5C), which are potential downstream genes that are regulated after
the binding of EGCG to the target genes, was constructed.

3.5. Enrichment analysis

The functional enrichment of the differentially expressed down-
stream genes of the eleven target genes was examined using GO and
KEGG analyses. EGCG potentially modulated the functions of extracel-
lular matrix (ECM) organization and collagen metabolic process
(Fig. 6A), which was consistent with the altered cell morphology
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observed in the proliferation experiment. KEGG analysis (Fig. 6B)
revealed the enrichment of the signaling pathways, such as focal adhe-
sion, regulation of actin cytoskeleton, and ECM-receptor interaction.
This study focused on the focal adhesion (Supplementary Fig. 5) and
ECM-receptor interaction (Supplementary Fig. 6) pathways. The pro-
teins related to these pathways modulated by EGCG functioned up-
stream, suggesting that EGCG is an upstream regulatory factor.

GSEA was performed to obtain the comprehensive downstream
pathways and the modulated functions. The results of GSEA indicated
that EGCG may affect processes, such as epithelial-mesenchymal tran-
sition and inflammatory response (Fig. 7A) and pathways, such as ECM-
receptor interaction and focal adhesion (Fig. 7B).

These findings demonstrated that the target genes have key roles in
cancer progression and that EGCG exerts growth-inhibitory effects
against tumors by modulating these regulatory processes.

4. Discussion

Current therapies for oral tumors are mainly aimed at the targets of
tumor tissues. Limited studies have examined potential therapeutics that
target the carcinogenesis of OPMDs. Therefore, there is an urgent need
to identify drugs that can inhibit both carcinogenesis and cancers of
OPMDs, as well as the tumorigenesis and progression of these tumors.
Previous studies have suggested that flavonoid-rich fruits, teas, or herbs
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Fig. 6. Enrichment analysis. A. Genes enriched in the biological processes (BP), cellular components (CC), and molecular functions (MF). B. Genes enriched in the

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways.

can exert anticancer effects by regulating different molecules (Zhang
et al., 2014). Recently, EGCG from green tea extract has attracted
increasing attention. Previous studies have demonstrated the antioxi-
dant, anti-inflammatory, and anticancer effects of EGCG. This study
demonstrated the growth-inhibitory effect of EGCG on oral cancer and
preliminarily analyzed the molecular targets and related signaling
pathways of EGCG involved in inhibiting the carcinogenesis of OPMDs.

EGCG inhibits the proliferation of various cancers, such as breast
carcinoma (Steed et al., 2020; Das et al., 2021; Gonzalez Suarez et al.,
2022), cervical and endocervical cancers (Panji et al., 2021), non-small
cell lung cancer (Minnelli et al., 2021), esophageal carcinoma (Taghvaei
etal., 2021), head and neck squamous cell carcinoma (Amin et al., 2021;
Agarwal et al., 2023), colorectal cancer (Md Nesran et al., 2020; Wu
etal., 2021; Wu et al., 2022), Clear Cell Renal Cell Carcinoma (Lyu et al.,
2022) and bladder urothelial carcinoma (Luo et al., 2020). Previous
studies have reported the role and molecular mechanisms of EGCG in
cancer inhibition. Limited studies have focused on the potential role of
EGCG in suppressing the development of cancer. This study focused on
exploring the same binding targets of EGCG in OPMDs and OSCC, per-
formed molecular docking, and predicted the molecular regulatory
pathways of these target genes. Several previous studies have reported
that EGCG can affect various signaling pathways in cancers, including
the VEGF/VEGFR (Kumar et al., 2018; Scandlyn et al., 2008; Shirakami
et al., 2009; Shimizu et al., 2010), PI3K/AKT (Du et al., 2022; Hsieh
et al., 2018; Yin et al., 2021), and p53 signaling pathways (Luo et al.,
2020; Zhao et al., 2021; Guan et al., 2023). In this study, the target
proteins of EGCG were enriched in these previously reported pathways
and related functions, as well as in the focal adhesion signaling pathway
and inflammatory cell migration-related pathways, which provided a
new direction for further investigation.

Although several studies have demonstrated the anticancer effects of
EGCG, limited studies have examined the underlying molecular mech-
anisms, especially the molecular targets that directly bind to EGCG. In
1997, Sazuka et al. used affinity chromatography technology to
demonstrate that EGCG-binding target proteins included MMP2 and
MMP9 (Sazuka et al., 1997). In this study, we not only identified these
target molecules reported in the past, but also predicted not previously
reported targets such as CDK1, APEX, CA9. The findings of this study

indicated that these targets may inhibit the progression of OPMDs into
tumor through these molecular mechanisms.

Although this study explored the targets and potential molecular
mechanisms of EGCG involved in suppressing the carcinogenesis of
OPMDs from a new perspective, this study has several limitations. This
study mainly analyzed two common OPMDs and did not include all
OPMDs. The inhibitory effect of EGCG on carcinogenesis cannot be
confirmed based on the results of this study. Furthermore, clinical trials
were not performed to verify the inhibitory effects of EGCG on carci-
nogenesis. However, this study provides the potential mechanism un-
derlying the EGCG-mediated suppression of carcinogenesis. Further
basic theories and clinical evidence are needed to address these
limitations.

While more extensive exploration and validation are still required for
the preventive and therapeutic effects of EGCG on cancer, its potential
efficacy and safety make it a promising area of research. Future studies
should continue to investigate the inhibitory effects of EGCG on cancer
transformation and delve deeply into its therapeutic effects when used in
combination with other treatment methods. Additionally, more clinical
trials are needed to confirm the application prospects of EGCG in cancer
treatment.

5. Conclusion

This study revealed the potential therapeutic value of EGCG in sup-
pressing the carcinogenesis of OPMDs, explored the underlying molec-
ular mechanisms, and provided theoretical evidence for the translation
of laboratory findings into clinical practice. The findings of this study
suggest that EGCG is a potential therapeutic to prevent the carcino-
genesis of OPMDs.

CRediT authorship contribution statement

Fengyang Jing: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Software, Visualization, Writing — original
draft. Lijing Zhu: Conceptualization, Data curation, Formal analysis,
Investigation, Software, Visualization, Writing - original draft. Jiaying
Bai: Conceptualization, Data curation, Formal analysis, Investigation,



F. Jing et al. Archives of Oral Biology 153 (2023) 105740

o HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION
HALLMARK EPITHELIAL £,

MESENCHYMAL TRANSITION

A

Running Enrichment Score

HALLMARK MYOGENESIS

I TTNER T

HALLMARK UV RESPONSE DN

HALLMARK INFLAMMATORY RESPONSE

5000

0000
Rank in Ordered Dataset

palue
4.0e-09
HALLMARK KRAS SIGNALING UP 8,060
1.2¢-08
1.6e-08
HALLMARK_INFLAMMATORY_RESPONSE
HALLMARK APICAL JUNCTION e
:
o2
HALLMARK MYC TARGETS V1 g
00
HALLMARK E2F TARGETS \ ”lm |I | || |I H ! ! F! I Jﬂ
2 2
£
a
HALLMARK OXIDATIVE E
PHOSPHORYLATION 2.
— — —
EQ oo =
Rank in Ordered Dataset
1 0
KEGG_ECM_RECEPTOR_INTERACTION
KEGG ECM RECEPTOR INTERACTION £
o0
. WJJWJMJ | | | | | '
.
KEGG HYPERTROPHIC
CARDIOMYOPATHY HCM
000 T 5000
alue Rank in Ordered Dataset
KEGG DILATED CARDIOMYOPATHY pvalue
1e-09
2e-09
3e-09
KEGG ARRHY THMOGENIC RIGHT 4009 KEGG_FOCAL_ADHESION

VENTRICULAR CARDIOMYOPATHY
ARVC

KEGG NEUROACTIVE LIGAND
RECEPTOR INTERACTION

KEGG METABOLISM OF
XENOBIOTICS BY CYTOCHROME P450

00
.

KEGG RIBOSOME

—
10000

—
5000
Rank in Ordered Dataset

-2 1] 2

Fig. 7. Gene set enrichment analysis (GSEA). A. The mountain map and representative pictures showed the hallmark enrichment results. The abscissa was gene ratio,
the ordinate was HALLMARK and the color represented p-value. B. The mountain map and representative pictures showed the KEGG enrichment results. The abscissa
was gene ratio, the ordinate was KEGG and the color represented p-value.



F. Jing et al.

Visualization, Writing - original draft. Xinjia Cai: Conceptualization,
Data curation, Formal analysis, Investigation, Writing - original draft.
Xuan Zhou: Conceptualization, Data curation, Formal analysis, Inves-
tigation, Writing - original draft. Jianyun Zhang: Conceptualization,
Data curation, Formal analysis, Methodology, Project administration,
Resources, Supervision, Validation, Writing — review & editing. Heyu
Zhang: Conceptualization, Data curation, Formal analysis, Investiga-
tion, Methodology, Project administration, Resources, Supervision,
Validation, Writing — review & editing. Tiejun Li: Conceptualization,
Data curation, Formal analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Supervision, Valida-
tion, Writing — review & editing.

Declaration of Competing Interest
All authors declare that they have no competing interests.
Acknowledgements

This work was supported by research grants from the National Na-
ture Science Foundation of China (81671006, 81300894), the CAMS
Innovation Fund for Medical Sciences (2019-12M-5-038) and National
clinical key discipline construction project (PKUSSNKP-202102).

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.archoralbio.2023.105740.

References

Agarwal, A., Kansal, V., Farooqi, H., Prasad, R., & Singh, V. K. (2023). Epigallocatechin
gallate (EGCG), an active phenolic compound of green tea, inhibits tumor growth of
head and neck cancer cells by targeting DNA hypermethylation. Biomedicines, 11(3),
789. https://doi.org/10.3390/biomedicines11030789

Aggarwal, V., Tuli, H. S., Tania, M., Srivastava, S., Ritzer, E. E., Pandey, A., ...
Bishayee, A. (2022). Molecular mechanisms of action of epigallocatechin gallate in
cancer: Recent Trends and advancement. Seminars in Cancer Biology, 80, 256-275.
https://doi.org/10.1016/j.semcancer.2020.05.011

Aguirre-Urizar, J. M., Lafuente-Ibanez de Mendoza, 1., & Warnakulasuriya, S. (2021).
Malignant transformation of oral leukoplakia: Systematic review and meta-analysis
of the last 5 years. Oral Diseases, 27(8), 1881-1895. https://doi.org/10.1111/
0di.13810

Amin, A. R. M. R., Wang, D., Nannapaneni, S., Lamichhane, R., Chen, Z. G., & Shin, D. M.
(2021). Combination of resveratrol and green tea epigallocatechin gallate induces
synergistic apoptosis and inhibits tumor growth in vivo in head and neck cancer
models. Oncology Reports, 45(5), 87. https://doi.org/10.3892/0r.2021.8038

Arikawa, A. Y., Samavat, H., Gross, M., & Kurzer, M. S. (2017). Plasma Fp-isoprostanes
are positively associated with glycemic load, but inversely associated with dietary
polyunsaturated fatty acids and insoluble fiber in postmenopausal women. The
Journal of Nutrition, 147(9), 1693-1699. https://doi.org/10.3945/jn.117.254631

Belobrov, S., Seers, C., Reynolds, E., Cirillo, N., & McCullough, M. (2019). Functional and
molecular effects of a green tea constituent on oral cancer cells. Journal of Oral
Pathology & Medicine, 48(7), 604-610. https://doi.org/10.1111/jop.12914

Berman, H., Henrick, K., & Nakamura, H. (2003). Announcing the worldwide Protein
Data Bank. Nature Structural & Molecular Biology, 10(12), 980. https://doi.org/
10.1038/nsb1203-980

Bettuzzi, S., Brausi, M., Rizzi, F., Castagnetti, G., Peracchia, G., & Corti, A. (2006).
Chemoprevention of human prostate cancer by oral administration of green tea
catechins in volunteers with high-grade prostate intraepithelial neoplasia: A
preliminary report from a one-year proof-of-principle study. Cancer Research, 66(2),
1234-1240. https://doi.org/10.1158/0008-5472.Can-05-1145

Bhachoo, J., & Beuming, T. (2017). Investigating protein—peptide interactions using the
Schrodinger computational suite. In O. Schueler-Furman, & N. London (Eds.),
Modeling peptide-protein interactions: Methods and protocols (pp. 235-254). Humana
Press. https://doi.org/10.1007/978-1-4939-6798-8_14.

Brausi, M., Rizzi, F., & Bettuzzi, S. (2008). Chemoprevention of human prostate cancer
by green tea catechins: Two years later. A follow-up update. European Urology, 54(2),
472-473. https://doi.org/10.1016/j.eururo.2008.03.100

Cox, S. C., & Walker, D. M. (1996). Oral submucous fibrosis. A review. Australian Dental
Journal, 41(5), 294-299. https://doi.org/10.1111/j.1834-7819.1996.tb03136.x

Daina, A., Michielin, O., & Zoete, V. (2019). SwissTargetPrediction: Updated data and
new features for efficient prediction of protein targets of small molecules. Nucleic Aci
Research, 47(W1), W357-W364. https://doi.org/10.1093/nar/gkz382

Das, A., Haque, 1., Ray, P., Ghosh, A., Dutta, D., Quadir, M., ... Banerjee, S. K. (2021).
CCNS5 activation by free or encapsulated EGCG is required to render triple-negative

10

Archives of Oral Biology 153 (2023) 105740

breast cancer cell viability and tumor progression. Pharmacology Research &
Perspectives, 9(2), Article e00753. https://doi.org/10.1002/prp2.753

Dostal, A. M., Arikawa, A., Espejo, L., & Kurzer, M. S. (2016). Long-term supplementation
of green tea extract does not modify adiposity or bone mineral density in a
randomized trial of overweight and obese postmenopausal women. The Journal of
Nutrition, 146(2), 256-264. https://doi.org/10.3945/jn.115.219238

Dostal, A. M., Samavat, H., Espejo, L., Arikawa, A. Y., Stendell-Hollis, N. R., &
Kurzer, M. S. (2016). Green tea extract and catechol-O-methyltransferase genotype
modify fasting serum insulin and plasma adiponectin concentrations in a
randomized controlled trial of overweight and obese postmenopausal women. The
Journal of Nutrition, 146(1), 38-45. https://doi.org/10.3945/jn.115.222414

Du, B. X., Lin, P, & Lin, J. (2022). EGCG and ECG induce apoptosis and decrease
autophagy via the AMPK/mTOR and PI3K/AKT/mTOR pathway in human
melanoma cells. Chinese Journal of Natural Medicines, 20(4), 290-300. https://doi.
0rg/10.1016/51875-5364(22)60166-3

Eberhardt, J., Santos-Martins, D., Tillack, A. F., & Forli, S. (2021). AutoDock Vina 1.2.0:
New docking methods, expanded force field, and Python bindings. Journal of
Chemical Information and Modeling, 61(8), 3891-3898. https://doi.org/10.1021/acs.
jcim.1c00203

Filippini, T., Malavolti, M., Borrelli, F., Izzo, A. A., Fairweather-Tait, S. J., Horneber, M.,
& Vinceti, M. (2020). Green tea (Camellia sinensis) for the prevention of cancer.
Cochrane Database of Systematic Reviews, 3, CD005004. https://doi.org/10.1002/
14651858.CD005004.pub3

Garcia, F. A. R., Cornelison, T., Nuno, T., Greenspan, D. L., Byron, J. W., Hsu, C. H,, ...
Chow, H. H. S. (2014). Results of a phase II randomized, double-blind, placebo-
controlled trial of Polyphenon E in women with persistent high-risk HPV infection
and low-grade cervical intraepithelial neoplasia. Gynecologic Oncology, 132(2),
377-382. https://doi.org/10.1016/j.ygyno.2013.12.034

Gaulton, A., Hersey, A., Nowotka, M., Bento, A. P., Chambers, J., Mendez, D., ...
Leach, A. R. (2017). The ChEMBL database in 2017. Nucleic Aci Research, 45(D1),
D945-D954. https://doi.org/10.1093/nar/gkw1074

Gene Ontology Consortium. (2015). Gene ontology consortium: Going forward. Nucleic
Aci Research, 43(D1), D1049-D1056. https://doi.org/10.1093/nar/gkul179

Gonzalez Suarez, N., Fernandez-Marrero, Y., Torabidastgerdooei, S., & Annabi, B.
(2022). EGCG prevents the onset of an inflammatory and cancer-associated
adipocyte-like phenotype in adipose-derived mesenchymal stem/stromal cells in
response to the triple-negative breast cancer secretome. Nutrients, 14(5), 1099.
https://doi.org/10.3390/nu14051099

Guan, Y., Wu, Q., Li, M., Chen, D., Su, J., Zuo, L., ... Li, Y. (2023). Epigallocatechin-3-
gallate induced HepG2 cells apoptosis through ROS-mediated AKT /JNK and p53
signaling pathway. Current Cancer Drug Targets Advance Online Publication. https://
doi.org/10.2174/1568009622666220705101642

Giineri, P., & Epstein, J. B. (2014). Late stage diagnosis of oral cancer: Components and
possible solutions. Oral Oncology, 50(12), 1131-1136. https://doi.org/10.1016/j.
oraloncology.2014.09.005

Hou, L. C., Amarnani, S., Chong, M. T., & Bishayee, A. (2013). Green tea and the risk of
gastric cancer: Epidemiological evidence. World Journal of Gastroenterology, 19(24),
3713-3722. https://doi.org/10.3748/wjg.v19.i24.3713

Hsieh, C. H., Ly, C. H., Kuo, Y. Y., Chen, W. T., & Chao, C. Y. (2018). Studies on the non-
invasive anticancer remedy of the triple combination of epigallocatechin gallate,
pulsed electric field, and ultrasound. PLoS One, 13(8), Article €0201920. https://doi.
org/10.1371/journal.pone.0201920

Tocca, O., Sollecito, T. P., Alawi, F., Weinstein, G. S., Newman, J. G., De Virgilio, A, ...
Shanti, R. M. (2020). Potentially malignant disorders of the oral cavity and oral
dysplasia: A systematic review and meta-analysis of malignant transformation rate
by subtype. Head & Neck, 42(3), 539-555. https://doi.org/10.1002/hed.26006

Irimie, A. L., Braicu, C., Zanoaga, O., Pileczki, V., Gherman, C., Berindan-Neagoe, ., &
Campian, R. S. (2015). Epigallocatechin-3-gallate suppresses cell proliferation and
promotes apoptosis and autophagy in oral cancer SSC-4 cells. OncoTargets and
Therapy, 8, 461-470. https://doi.org/10.2147/0TT.S78358

Islam, M. R., Jones, S. J., Macluskey, M., & Ellis, I. R. (2014). Is there a pAkt between
VEGF and oral cancer cell migration? Cellular Signalling, 26(6), 1294-1302. https://
doi.org/10.1016/j.cellsig.2014.02.004

Johnson, J. J., Bailey, H. H., & Mukhtar, H. (2010). Green tea polyphenols for prostate
cancer chemoprevention: A translational perspective. Phytomedicine, 17(1), 3-13.
https://doi.org/10.1016/j.phymed.2009.09.011

Kanehisa, M., & Goto, S. (2000). KEGG: Kyoto encyclopedia of genes and genomes.
Nucleic Aci Research, 28(1), 27-30. https://doi.org/10.1093/nar/28.1.27

Khan, N., & Mukhtar, H. (2019). Tea polyphenols in promotion of human health.
Nutrients, 11(1), 39. https://doi.org/10.3390/nul1010039

Kim, S., Chen, J., Cheng, T., Gindulyte, A., He, J., He, S., ... Bolton, E. E. (2021).
PubChem in 2021: New data content and improved web interfaces. Nucleic Aci
Research, 49(D1), D1388-D1395. https://doi.org/10.1093/nar/gkaa971

Kumar, B. N. P., Puvvada, N., Rajput, S., Sarkar, S., Mahto, M. K., Yallapu, M. M,, ...
Mandal, M. (2018). Targeting of EGFR, VEGFR2, and akt by engineered dual drug
encapsulated mesoporous silica-gold nanoclusters sensitizes tamoxifen-resistant
breast cancer. Molecular Pharmaceutics, 15(7), 2698-2713. https://doi.org/10.1021/
acs.molpharmaceut.8b00218

Kumar, N. B,, Patel, R., Pow-Sang, J., Spiess, P. E., Salup, R., Williams, C. R., &
Schell, M. J. (2017). Long-term supplementation of decaffeinated green tea extract
does not modify body weight or abdominal obesity in a randomized trial of men at
high risk for prostate cancer. Oncotarget, 8(58), 99093-99103. https://doi.org/
10.18632/0oncotarget.18858

Kumar, N. B., Pow-Sang, J., Spiess, P. E., Park, J., Salup, R., Williams, C. R., ...
Schell, M. J. (2016). Randomized, placebo-controlled trial evaluating the safety of


https://doi.org/10.1016/j.archoralbio.2023.105740
https://doi.org/10.3390/biomedicines11030789
https://doi.org/10.1016/j.semcancer.2020.05.011
https://doi.org/10.1111/odi.13810
https://doi.org/10.1111/odi.13810
https://doi.org/10.3892/or.2021.8038
https://doi.org/10.3945/jn.117.254631
https://doi.org/10.1111/jop.12914
https://doi.org/10.1038/nsb1203-980
https://doi.org/10.1038/nsb1203-980
https://doi.org/10.1158/0008-5472.Can-05-1145
https://doi.org/10.1007/978-1-4939-6798-8_14
https://doi.org/10.1016/j.eururo.2008.03.100
https://doi.org/10.1111/j.1834-7819.1996.tb03136.x
https://doi.org/10.1093/nar/gkz382
https://doi.org/10.1002/prp2.753
https://doi.org/10.3945/jn.115.219238
https://doi.org/10.3945/jn.115.222414
https://doi.org/10.1016/S1875-5364(22)60166-3
https://doi.org/10.1016/S1875-5364(22)60166-3
https://doi.org/10.1021/acs.jcim.1c00203
https://doi.org/10.1021/acs.jcim.1c00203
https://doi.org/10.1002/14651858.CD005004.pub3
https://doi.org/10.1002/14651858.CD005004.pub3
https://doi.org/10.1016/j.ygyno.2013.12.034
https://doi.org/10.1093/nar/gkw1074
https://doi.org/10.1093/nar/gku1179
https://doi.org/10.3390/nu14051099
https://doi.org/10.2174/1568009622666220705101642
https://doi.org/10.2174/1568009622666220705101642
https://doi.org/10.1016/j.oraloncology.2014.09.005
https://doi.org/10.1016/j.oraloncology.2014.09.005
https://doi.org/10.3748/wjg.v19.i24.3713
https://doi.org/10.1371/journal.pone.0201920
https://doi.org/10.1371/journal.pone.0201920
https://doi.org/10.1002/hed.26006
https://doi.org/10.2147/OTT.S78358
https://doi.org/10.1016/j.cellsig.2014.02.004
https://doi.org/10.1016/j.cellsig.2014.02.004
https://doi.org/10.1016/j.phymed.2009.09.011
https://doi.org/10.1093/nar/28.1.27
https://doi.org/10.3390/nu11010039
https://doi.org/10.1093/nar/gkaa971
https://doi.org/10.1021/acs.molpharmaceut.8b00218
https://doi.org/10.1021/acs.molpharmaceut.8b00218
https://doi.org/10.18632/oncotarget.18858
https://doi.org/10.18632/oncotarget.18858

F. Jing et al.

one-year administration of green tea catechins. Oncotarget, 7(43), 70794-70802.
https://doi.org/10.18632/oncotarget.12222

Kumar, N. B., Pow-Sang, J. M., Spiess, P. E., Park, J. Y., Chornokur, G., Leone, A. R., &
Phelan, C. M. (2016). Chemoprevention in African American men with prostate
cancer. Cancer Control, 23(4), 415-423. https://doi.org/10.1177/
107327481602300413

Lambert, J. D., & Yang, C. S. (2003). Cancer chemopreventive activity and bioavailability
of tea and tea polyphenols. Mutation Research/Fundamental and Molecular
Mechanisms of Mutagenesis, 523-524, 201-208. https://doi.org/10.1016/50027-
5107(02)00336-6

Li, A., Gu, K., Wang, Q., Chen, X., Fu, X., Wang, Y., & Wen, Y. (2018). Epigallocatechin-3-
gallate affects the proliferation, apoptosis, migration and invasion of tongue
squamous cell carcinoma through the hippo-TAZ signaling pathway. International
Journal of Molecular Medicine, 42(5), 2615-2627. https://doi.org/10.3892/
ijmm.2018.3818

Liu, J., Xing, J., & Fei, Y. (2008). Green tea (Camellia sinensis) and cancer prevention: A
systematic review of randomized trials and epidemiological studies. Chinese
Medicine, 3(1), 12. https://doi.org/10.1186/1749-8546-3-12

Love, M. L., Huber, W., & Anders, S. (2014). Moderated estimation of fold change and
dispersion for RNA-seq data with DESeq2. Genome Biology, 15(12), 550. https://doi.
org/10.1186/s13059-014-0550-8

Luo, K. W,, Zhu, X. H., Zhao, T., Zhong, J., Gao, H. C., Luo, X. L., & Huang, W. R. (2020).
EGCG enhanced the anti-tumor effect of doxorubicine in bladder cancer via NF-kB/
MDM2/p53 pathway. Frontiers in Cell and Developmental Biology, 8, Article 606123.
https://doi.org/10.3389/fcell.2020.606123

Lyu, C., Wang, L., Stadlbauer, B., Noessner, E., Buchner, A., & Pohla, H. (2022).
Identification of EZH2 as cancer stem cell marker in clear cell renal cell carcinoma
and the anti-tumor effect of epigallocatechin-3-gallate (EGCG). Cancers, 14(17),
4200. https://doi.org/10.3390/cancers14174200

Md Nesran, Z. N., Shafie, N. H., Md Tohid, S. F., Norhaizan, M. E., & Ismail, A. (2020).
Iron chelation properties of green tea epigallocatechin-3-gallate (EGCG) in colorectal
cancer cells: Analysis on Tfr/Fth regulations and molecular docking. Evidence-Based
Complementary and Alternative Medicine, 2020, 7958041. https://doi.org/10.1155/
2020/7958041

Minnelli, C., Cianfruglia, L., Laudadio, E., Mobbili, G., Galeazzi, R., & Armeni, T. (2021).
Effect of epigallocatechin-3-gallate on EGFR signaling and migration in non-small
cell lung cancer. International Journal of Molecular Sciences, 22(21), 11833. https://
doi.org/10.3390/ijms222111833

Mu, L., Zhou, X., Ding, B., Wang, R., Zhang, Z., Chen, C,, ... Yu, S. (2003). A case-contral
study on drinking green tea and decreasing risk of cancers in the alimentary canal
among cigarette smokers and alcohol drinkers. Chinese Journal of Epidemiology, 24
(3), 192-195. https://doi.org/10.3760/j.issn:0254-6450.2003.03.008

Mukhtar, H., & Ahmad, N. (2000). Tea polyphenols: Prevention of cancer and optimizing
health. The American Journal of Clinical Nutrition, 71(6), 16985-1702S. https://doi.
org/10.1093/ajen/71.6.1698S

Nakachi, K., Matsuyama, S., Miyake, S., Suganuma, M., & Imai, K. (2000). Preventive
effects of drinking green tea on cancer and cardiovascular disease: Epidemiological
evidence for multiple targeting prevention. BioFactors, 13(1-4), 49-54. https://doi.
org/10.1002/biof.5520130109

Ni, C. X., Gong, H., Liu, Y., Qi, Y., Jiang, C. L., & Zhang, J. P. (2017). Green tea
consumption and the risk of liver cancer: A meta-analysis. Nutrition and Cancer, 69
(2), 211-220. https://doi.org/10.1080/01635581.2017.1263754

Nickel, J., Gohlke, B. O., Erehman, J., Banerjee, P., Rong, W. W., Goede, A, ...
Preissner, R. (2014). SuperPred: Update on drug classification and target prediction.
Nucleic Aci Research, 42(W1), W26-W31. https://doi.org/10.1093/nar/gku477

Panji, M., Behmard, V., Zare, Z., Malekpour, M., Nejadbiglari, H., Yavari, S., ...
Khanicheragh, P. (2021). Suppressing effects of green tea extract and
epigallocatechin-3-gallate (EGCG) on TGF-B- induced epithelial-to-mesenchymal
transition via ROS/Smad signaling in human cervical cancer cells. Gene, 794, Article
145774. https://doi.org/10.1016/j.gene.2021.145774

Papagerakis, S., Pannone, G., Zheng, L., About, I., Taqi, N., Nguyen, N. P. T, ...
Papagerakis, P. (2014). Oral epithelial stem cells—Implications in normal
development and cancer metastasis. Experimental Cell Research, 325(2), 111-129.
https://doi.org/10.1016/j.yexcr.2014.04.021

Parris, T. Z., Aziz, L., Kovacs, A., Hajizadeh, S., Nemes, S., Semaan, M., ... Helou, K.
(2014). Clinical relevance of breast cancer-related genes as potential biomarkers for
oral squamous cell carcinoma. BMC Cancer, 14(1), 324. https://doi.org/10.1186/
1471-2407-14-324

Pifiero, J., Queralt-Rosinach, N., Bravo, A., Deu-Pons, J., Bauer-Mehren, A., Baron, M., ...
Furlong, L. I. (2015). DisGeNET: A discovery platform for the dynamical exploration
of human diseases and their genes. bav028 Database, 2015. https://doi.org/
10.1093/database/bav028.

Pronk, S., Pall, S., Schulz, R., Larsson, P., Bjelkmar, P., Apostolov, R., ... Lindahl, E.
(2013). GROMACS 4.5: A high-throughput and highly parallel open source
molecular simulation toolkit. Bioinformatics, 29(7), 845-854. https://doi.org/
10.1093/bioinformatics/btt055

Safran, M., Dalah, 1., Alexander, J., Rosen, N., Iny Stein, T., Shmoish, M., ... Lancet, D.
(2010). GeneCards version 3: The human gene integrator. Database, 2010, baq020.
https://doi.org/10.1093/database/baq020

Samavat, H., Newman, A. R., Wang, R., Yuan, J. M., Wu, A. H., & Kurzer, M. S. (2016).
Effects of green tea catechin extract on serum lipids in postmenopausal women: A
randomized, placebo-controlled clinical trial. The American Journal of Clinical
Nutrition, 104(6), 1671-1682. https://doi.org/10.3945/ajcn.116.137075

Samavat, H., Wu, A. H,, Ursin, G., Torkelson, C. J., Wang, R., Yu, M. C., ... Yuan, J. M.
(2019). Green tea catechin extract supplementation does not influence circulating
sex hormones and insulin-like growth factor axis proteins in a randomized controlled

11

Archives of Oral Biology 153 (2023) 105740

trial of postmenopausal women at high risk of breast cancer. The Journal of Nutrition,
149(4), 619-627. https://doi.org/10.1093/jn/nxy316

Sand, L., & Jalouli, J. (2014). Viruses and oral cancer. Is there a link? Microbes and
Infection, 16(5), 371-378. https://doi.org/10.1016/j.micinf.2014.02.009

Sayers, E. W., Bolton, E. E., Brister, J. R., Canese, K., Chan, J., Comeau, ... Sherry, S. T.
(2022). Database resources of the National Center for Biotechnology Information.
Nucleic Aci Research, 50(D1), D20-D26. https://doi.org/10.1093/nar/gkab1112

Sazuka, M., Imazawa, H., Shoji, Y., Mita, T., Hara, Y., & Isemura, M. (1997). Inhibition of
collagenases from mouse lung carcinoma cells by green tea catechins and black tea
theaflavins. Bioscience, Biotechnology, and Biochemistry, 61(9), 1504-1506. https://
doi.org/10.1271/bbb.61.1504

Scandlyn, M. J., Stuart, E. C., Somers-Edgar, T. J., Menzies, A. R., & Rosengren, R. J.
(2008). A new role for tamoxifen in oestrogen receptor-negative breast cancer when
it is combined with epigallocatechin gallate. British Journal of Cancer, 99(7),
1056-1063. https://doi.org/10.1038/sj.bjc.6604634

Shimizu, M., Shirakami, Y., Sakai, H., Yasuda, Y., Kubota, M., Adachi, S., ... Moriwaki, H.
(2010). (—)-Epigallocatechin gallate inhibits growth and activation of the VEGF/
VEGFR axis in human colorectal cancer cells. Chemico-Biological Interactions, 185(3),
247-252. https://doi.org/10.1016/j.cbi.2010.03.036

Shirakami, Y., Shimizu, M., Adachi, S., Sakai, H., Nakagawa, T., Yasuda, Y., ...
Moriwaki, H. (2009). (-)-Epigallocatechin gallate suppresses the growth of human
hepatocellular carcinoma cells by inhibiting activation of the vascular endothelial
growth factor-vascular endothelial growth factor receptor axis. Cancer Science, 100
(10), 1957-1962. https://doi.org/10.1111/j.1349-7006.2009.01241.x

Steed, K. L., Jordan, H. R., & Tollefsbol, T. O. (2020). SAHA and EGCG promote apoptosis
in triple-negative breast cancer cells, possibly through the modulation of cIAP2.
Anticancer Research, 40(1), 9-26. https://doi.org/10.21873/anticanres.13922

Sun, C. L., Yuan, J. M., Koh, W. P., & Yu, M. C. (2006). Green tea, black tea and breast
cancer risk: A meta-analysis of epidemiological studies. Carcinogenesis, 27(7),
1310-1315. https://doi.org/10.1093/carcin/bgi276

Taghvaei, F., Rastin, S. J., Milani, A. T., Khameneh, Z. R., Hamini, F., Rasouli, M. A, ...
Rashidi, S. (2021). Carboplatin and epigallocatechin-3-gallate synergistically induce
cytotoxic effects in esophageal cancer cells. Research in Pharmaceutical Sciences, 16
(3), 240-249. https://doi.org/10.4103/1735-5362.314822

Valdés-Tresanco, M. S., Valdés-Tresanco, M. E., Valiente, P. A., & Moreno, E. (2021).
gmx_MMPBSA: A new tool to perform end-state free energy calculations with
GROMACS. Journal of Chemical Theory and Computation, 17(10), 6281-6291. https://
doi.org/10.1021/acs.jctc.1c00645

Wang, W., Yang, Y. e, Zhang, W., & Wu, W. (2014). Association of tea consumption and
the risk of oral cancer: A meta-analysis. Oral Oncology, 50(4), 276-281. https://doi.
org/10.1016/j.oraloncology.2013.12.014

Warnakulasuriya, S. (2018). Clinical features and presentation of oral potentially
malignant disorders. Oral Surgery, Oral Medicine, Oral Pathology and Oral Radiology,
125(6), 582-590. https://doi.org/10.1016/j.0000.2018.03.011

Warnakulasuriya, S., & Ariyawardana, A. (2016). Malignant transformation of oral
leukoplakia: A systematic review of observational studies. Journal of Oral Pathology
& Medicine, 45(3), 155-166. https://doi.org/10.1111/jop.12339

Warnakulasuriya, S., Johnson, N. W., & Van Der Waal, I. (2007). Nomenclature and
classification of potentially malignant disorders of the oral mucosa. Journal of Oral
Pathology & Medicine, 36(10), 575-580. https://doi.org/10.1111/j.1600-
0714.2007.00582.x

Wu, W., Dong, J., Gou, H., Geng, R., Yang, X., Chen, D., ... Liu, J. (2021). EGCG
synergizes the therapeutic effect of irinotecan through enhanced DNA damage in
human colorectal cancer cells. Journal of Cellular and Molecular Medicine, 25(16),
7913-7921. https://doi.org/10.1111/jcmm.16718

Wu, W., Gou, H., Xiang, B., Geng, R., Dong, J., Yang, X., ... Liu, J. (2022). EGCG
enhances the chemosensitivity of colorectal cancer to irinotecan through GRP78-
mediated endoplasmic reticulum stress. Journal of Oncology, 2022, 7099589. https://
doi.org/10.1155/2022/7099589

Yang, C. S., Lambert, J. D., Ju, J., Lu, G., & Sang, S. (2007). Tea and cancer prevention:
Molecular mechanisms and human relevance. Toxicology and Applied Pharmacology,
224(3), 265-273. https://doi.org/10.1016/j.taap.2006.11.024

Yang, C. S., Maliakal, P., & Meng, X. (2002). Inhibition of carcinogenesis by tea. Annual
Review of Pharmacology and Toxicology, 42(1), 25-54. https://doi.org/10.1146/
annurev.pharmtox.42.082101.154309

Yin, Z., Li, J., Kang, L., Liu, X., Luo, J., Zhang, L., ... Cai, J. (2021). Epigallocatechin-3-
gallate induces autophagy-related apoptosis associated with LC3B II and Beclin
expression of bladder cancer cells. Journal of Food Biochemistry, 45(6), Article
€13758. https://doi.org/10.1111/jfbc.13758

Yoshimura, H., Yoshida, H., Matsuda, S., Ryoke, T., Ohta, K., Ohmori, M., ... Sano, K.
(2019). The therapeutic potential of epigallocatechin-3-gallate against human oral
squamous cell carcinoma through inhibition of cell proliferation and induction of
apoptosis: In vitro and in vivo murine xenograft study. Molecular Medicine Reports, 20
(2), 1139-1148. https://doi.org/10.3892/mmr.2019.10331

Zhang, S. F., Wang, X. L., Yang, X. Q., & Chen, N. (2014). Autophagy-associated targeting
pathways of natural products during cancer treatment. Asian Pacific Journal of Cancer
Prevention, 15(24), 10557-10563. https://doi.org/10.7314/apjcp.2014.15.24.10557

Zhang, Z., Garzotto, M., Beer, T. M., Thuillier, P., Lieberman, S., Mori, M., ... Shannon, J.
(2016). Effects of w-3 fatty acids and catechins on fatty acid synthase in the prostate:
A randomized controlled trial. Nutrition and Cancer, 68(8), 1309-1319. https://doi.
org/10.1080/01635581.2016.1224365

Zhao, J., Blayney, A., Liu, X., Gandy, L., Jin, W., Yan, L., ... Wang, C. (2021). EGCG binds
intrinsically disordered N-terminal domain of p53 and disrupts p53-MDM2
interaction. Nature Communications, 12(1), 986. https://doi.org/10.1038/541467-
021-21258-5


https://doi.org/10.18632/oncotarget.12222
https://doi.org/10.1177/107327481602300413
https://doi.org/10.1177/107327481602300413
https://doi.org/10.1016/S0027-5107(02)00336-6
https://doi.org/10.1016/S0027-5107(02)00336-6
https://doi.org/10.3892/ijmm.2018.3818
https://doi.org/10.3892/ijmm.2018.3818
https://doi.org/10.1186/1749-8546-3-12
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.3389/fcell.2020.606123
https://doi.org/10.3390/cancers14174200
https://doi.org/10.1155/2020/7958041
https://doi.org/10.1155/2020/7958041
https://doi.org/10.3390/ijms222111833
https://doi.org/10.3390/ijms222111833
https://doi.org/10.3760/j.issn:0254-6450.2003.03.008
https://doi.org/10.1093/ajcn/71.6.1698S
https://doi.org/10.1093/ajcn/71.6.1698S
https://doi.org/10.1002/biof.5520130109
https://doi.org/10.1002/biof.5520130109
https://doi.org/10.1080/01635581.2017.1263754
https://doi.org/10.1093/nar/gku477
https://doi.org/10.1016/j.gene.2021.145774
https://doi.org/10.1016/j.yexcr.2014.04.021
https://doi.org/10.1186/1471-2407-14-324
https://doi.org/10.1186/1471-2407-14-324
https://doi.org/10.1093/database/bav028
https://doi.org/10.1093/database/bav028
https://doi.org/10.1093/bioinformatics/btt055
https://doi.org/10.1093/bioinformatics/btt055
https://doi.org/10.1093/database/baq020
https://doi.org/10.3945/ajcn.116.137075
https://doi.org/10.1093/jn/nxy316
https://doi.org/10.1016/j.micinf.2014.02.009
https://doi.org/10.1093/nar/gkab1112
https://doi.org/10.1271/bbb.61.1504
https://doi.org/10.1271/bbb.61.1504
https://doi.org/10.1038/sj.bjc.6604634
https://doi.org/10.1016/j.cbi.2010.03.036
https://doi.org/10.1111/j.1349-7006.2009.01241.x
https://doi.org/10.21873/anticanres.13922
https://doi.org/10.1093/carcin/bgi276
https://doi.org/10.4103/1735-5362.314822
https://doi.org/10.1021/acs.jctc.1c00645
https://doi.org/10.1021/acs.jctc.1c00645
https://doi.org/10.1016/j.oraloncology.2013.12.014
https://doi.org/10.1016/j.oraloncology.2013.12.014
https://doi.org/10.1016/j.oooo.2018.03.011
https://doi.org/10.1111/jop.12339
https://doi.org/10.1111/j.1600-0714.2007.00582.x
https://doi.org/10.1111/j.1600-0714.2007.00582.x
https://doi.org/10.1111/jcmm.16718
https://doi.org/10.1155/2022/7099589
https://doi.org/10.1155/2022/7099589
https://doi.org/10.1016/j.taap.2006.11.024
https://doi.org/10.1146/annurev.pharmtox.42.082101.154309
https://doi.org/10.1146/annurev.pharmtox.42.082101.154309
https://doi.org/10.1111/jfbc.13758
https://doi.org/10.3892/mmr.2019.10331
https://doi.org/10.7314/apjcp.2014.15.24.10557
https://doi.org/10.1080/01635581.2016.1224365
https://doi.org/10.1080/01635581.2016.1224365
https://doi.org/10.1038/s41467-021-21258-5
https://doi.org/10.1038/s41467-021-21258-5

	Molecular mechanisms underlying the epigallocatechin-3-gallate-mediated inhibition of oral squamous cell carcinogenesis
	1 Introduction
	2 Materials and methods
	2.1 Cell culture
	2.2 Cell proliferation
	2.3 Cell migration (Wound healing assay)
	2.4 Predicting the potential targets of EGCG
	2.5 Disease-related gene sets
	2.6 Molecular Docking
	2.7 Molecular Dynamics (MD) simulation
	2.8 Consensus clustering analysis
	2.9 Enrichment analyses
	2.10 Statistical analysis

	3 Results
	3.1 EGCG inhibited the proliferation and migration of OSCC cells
	3.2 Molecular mechanism of EGCG
	3.3 Molecular docking and molecular dynamics
	3.4 Consensus clustering analysis of eleven target genes
	3.5 Enrichment analysis

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supporting information
	References


