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Objective: This study aimed to investigate the molecular mechanism of triptolide
in the treatment of oral squamous cell carcinoma (OSCC) via network
pharmacology and experimental validation.

Methods: The network pharmacological method was used to predict the key
targets, detect the signal pathways for the treatment of OSCC, and screen the
critical components and targets for molecular docking. Predicted targets were
validated in cellular and xenograft mouse model.

Results: In this study, we predicted action on 17 relevant targets of OSCC by
network pharmacology. PPl network demonstrated that Jun, MAPKS8, TP53,
STAT3, VEGFA, L2, CXCR4, PTGS2, IL4 might be the critical targets of
triptolide in the treatment of OSCC. These potential targets are mainly closely
related to JAK-STAT and MAPK signaling pathways. The analysis of molecular
docking showed that triptolide has high affinity with Jun, MAPK8 and TP53.
Triptolide can suppress the growth of OSCC cells and xenograft mice tumor,
and downregulate the expression of Jun, MAPKS8, TP53, STAT3, VEGFA, IL2,
CXCR4, PTGS2 to achieve the therapeutic effect of OSCC.

Conclusion: Through network pharmacological methods and experimental
studies, we predicted and validated the potential targets and related pathways
of triptolide for OSCC treatment. The results suggest that triptolide can inhibit the
growth of OSCC via several key targets.

KEYWORDS

network pharmacology, molecular docking, oral squamous cell carcinoma, triptolide,
JAK-STAT signaling pathway, MAPK signaling pathway

1 Introduction

OSCC is the most common type of oral malignant tumors, originating from the mucosal
lining of the oral cavity and affecting the tongue, palate, mouth floor, alveolar ridge, and buccal
mucosa (Meng et al., 2021). OSCC accounts for the majority of morbidity and mortality of head
and neck squamous cell carcinoma (HNSCC), which is the sixth most common cancer in human
(Shi et al, 2021; de Camargo et al, 2022). In 2020, 377,713 newly diagnosed cases and
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TABLE 1 Basic information of the database used for the screening of triptolide
in the treatment of OSCC.

Name URL
OMIM https://www.omim.org/
GeneCards https://www.genecards.org/

SwissTargetPrediction http://www.swisstargetprediction.ch/

Uniprot https://www.uniprot.org

PubChem https://pubchem.ncbi.nlm.nih.gov/

STRING https://cn.string-db.org/

RCSB PDB https://www.rcsb.org/

TCMSP https://old.tcmsp-e.com/tcmsp.php

Bioinformatics http://www.bioinformatics.com.cn/

Venny 2.1.0 https://bioinfogp.cnb.csic.es/tools/venny/index.html

177,757 deaths from lip and oral cavity cancers were reported
worldwide. The traditional risk factors of OSCC include tobacco
consumption and alcohol abuse. The habit of chewing betel quid
additionally contributes to the development of OSCC in the

TABLE 2 Sample Mixing System for RT-qPCR..

10.3389/fphar.2023.1302059

Southeast Asia and Pacific regions, resulting in a high incidence of
OSCC in these areas, such as India and Taiwan (Lin et al, 2020;
Chamoli et al,, 2021). However, owing to the lack of incipient symptoms
and limited awareness of the risk factors among patients with OSCC,
most of patients are diagnosed when OSCC has progressed further,
resulting in a survival rate of only 34.9% among people with advanced
OSCC (Wang et al., 2020). The mainstay treatment of OSCC is surgery,
with or without adjuvant treatment (chemotherapy and radiotherapy),
which is applied based on the histopathological characteristics of the
resection (Almangush et al., 2020). However, multiple factors such as
tumor invasion, lymph node metastasis, distant metastasis, and high
recurrence rates result in a low 5-year survival rate only 50% among
patients with OSCC. Most OSCC patients with distant metastasis, such
as lung cancer, die within 1 year (Manzano-Moreno et al., 2021; Fan
et al,, 2022).

Triptolide is a natural diterpenoid epoxide that is obtained from
Tripterygium wilfordii Hook F, a traditional Chinese medicinal herb also
known as “Lei Gong Teng” or “Thunder God Vine” (Gang et al., 2022).
Triptolide was isolated in 1972 for the first time and then used as an
anti-leukemia drug (Kupchan et al, 1972). Triptolide shows
considerable potential for clinical application in the treatment of
many diseases, with various effects including anti-inflammatory,
anti-rheumatic, immunosuppressive and anticancer effects (Gao
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Potential targets of triptolide and OSCC. (A) Targets of triptolide. The green node represents triptolide, while yellow nodes show the related targets.
(B) Targets of OSCC. The yellow node represents OSCC, while the green nodes show the related targets.

Frontiers in Pharmacology

02

frontiersin.org


https://www.omim.org/
https://www.genecards.org/
http://www.swisstargetprediction.ch/
https://www.uniprot.org
https://pubchem.ncbi.nlm.nih.gov/
https://cn.string-db.org/
https://www.rcsb.org/
https://old.tcmsp-e.com/tcmsp.php
http://www.bioinformatics.com.cn/
https://bioinfogp.cnb.csic.es/tools/venny/index.html
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1302059

Hao et al.

10.3389/fphar.2023.1302059

Size of each bst

Trgtoice 0s¢e

Number of elements: specifc (1) or shared by 2, 3, ... bats

20m

FIGURE 2

JUN

PTGS2——MAPKS

Construction of the PPI network and identification of the core targets. (A) Venn diagram of the intersection of 35 targets of triptolide and 430 targets

of OSCC. (B) Construction of the compound-target-disease network (the blue nodes represent triptolide, and flesh-colored nodes represent potential
therapeutic targets). (C, D) PPI network of potential core targets related to triptolide and OSCC. The nodes in darker color and a more significant size
represented a higher degree. (E) Core target network, The top 10 core targets in the PPl network.

et al,, 2021). However, its narrow therapeutic window, poor solubility
and low bioavailability, multiple organ toxicity, especially hepatoxicity,
limit its clinical applications (Noel et al., 2019; Hu et al., 2022). The cell
growth of oral cancer and HNSCC can be inhibited, which is related to a
dose-dependent apoptosis induced by triptolide and its derivatives
(Chen et al, 2009; Caicedo-Granados et al, 2014). Triptolide can
also suppress the expression of programmed death ligand 1 (PD-
L1), metastasis-associated protein 1 (MTA1) and certain cytokines,
to repress the cell proliferation, invasion, angiogenesis, and migration in
oral cancer (Yang et al, 2017; 2019; Kuo et al., 2021). However, the
biological effect of triptolide on OSCC has not been fully understood
from a comprehensive perspective.

Within this context, network pharmacology is a new method for
filtering and predicting critical interactions between the chemical
constituents of Chinese medicinal herbs and disease targets based on
bioinformatics, systems biology, chemoinformatics and polypharmacology
(Song et al., 2020). In this study, we explored the effects of triptolide in the
treatment of OSCC in vitro and in vivo, using network pharmacology
method to investigate the molecular biological mechanisms and develop a
novel and effective therapeutic strategy for OSCC patients.
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2 Materials and methods

2.1 Target genes prediction of triptolide
and OSCC

2.1.1 Prediction of OSCC-related target genes

We searched for OSCC-related targets within the GeneCards
and Online Mendelian Inheritance in Man (OMIM) database, and
set “oral squamous cell carcinoma” as the keyword. Top 310 genes
with scores >50 were selected from the GeneCards database
(Supplementary Table S1 and Supplementary Table S2). We
integrated the results from the GeneCards and OMIM databases,
deleted duplicates, and obtained the final OSCC-related target genes.
The web addresses of the public databases are shown in Table 1.

2.1.2 Prediction of genes targeted by triptolide
We got the targets related to triptolide from the Traditional
Chinese Medicine Systems Pharmacology (TCMSP) and Swiss
Target Prediction database, then transformed them into gene
names via the Uniprot website. We also downloaded the
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FIGURE 3
(Continued).

chemical structure of triptolide from the PubChem website and
obtained the target genes from SwissTargetPrediction.

2.2 Construction and analysis of
component—target—disease network

We imported the selected targets of OSCC and triptolide into an
online platform, bioinformatics, for Venn analysis and visualization,
which we then imported into Cytoscape for component-target—disease
network visualization. This visualization reflected the complex
relationships among the three.

2.3 Screening and enrichment of
core targets

We used the CytoNCA plug-in in Cytoscape to analyze the
protein interaction networks and chose the top 10 targets as core
target genes according to their betweenness values. Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analyses of the core target genes were
conducted via R software.
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2.4 Macromolecular docking

We obtained the 3D protein crystal structures of the
candidate targets of triptolide from the Protein Data Bank
(PDB) database, subsequently imported
Maestro with the small molecular structures of triptolide

which we into
obtained from the PubChem database for molecular docking
simulations.

2.5 Cell lines and reagents

Human tongue squamous cell carcinoma cells lines SCC-25
and CAL-27 were used for our experiments. The above cells were
purchased from Qingqi (Shanghai) Biotechnology Development
Co., Ltd., and have been identified and tested for continuous
mycoplasma Cells fixed with 4%
paraformaldehyde for 5min, subsequently cleaned with PBS,
then added DAPI dye, and observed after staining for 5 min.
During the time of the experiments no obvious mycoplasma

contamination. were

contamination was detected in cultured cells. The cells were
cultured in high-glucose Dulbecco’s Modified Eagle Medium
(DMEM) (Biosharp, BL304A) as well as 10% fetal bovine

frontiersin.org
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(Continued) GO enrichment and KEGG pathway enrichment analysis of the 17 potential therapeutic targets. (A—C) GO enrichment analysis: the top
15 biological processes, molecular functions, and cell components, The color indicates the p-value. (D) Bubble chart of the top 20 KEGG pathways. The
color indicates the p-value. (E) Relevant targets in the signaling pathway of triptolide and JAK-STAT.

serum (FBS) (EVERY GREEN, 11011-8611) and 1% penicillin-
streptomycin solution (Biosharp, BL505A). The parameters for
cell culture were set as 37°C and 5% CO2. Triptolide was derived
from Sichuan Weikeqi Biotechnology Co., Ltd. (WKQ-0000333,
CAS: 38748-32-2). The stock solution was prepared by dissolving
triptolide powder in dimethyl sulfoxide (DMSO), and diluted to
certain concentrations in the following cell experiments. The
final DMSO concentration in the medium was less than 0.1%.

2.6 Cell proliferation assay

Cells were inoculated in 96-well plates at 3000 cells per well
and cultured for 24 h. Each experimental group had six parallel
holes. In the next day we changed fresh medium with triptolide
at 0, 0.01, 0.1, 1, 10, 100, 1,000 and 10000 nM for 24 h. We

Frontiers in Pharmacology

added 10 pL of Cell Counting Kit-8 (CCK-8) (Biosharp,
BS350B) for each well. After incubating for 50 min, we
measured the optical density (OD) at 450 nm on the multi-
mode microplate readers (SpectraMax M5). We observed the
results of CCK-8 with 6 technical replicates and 2 biological
replicates.

2.7 Real-Time quantitative polymerase chain
reaction (RT-qPCR)

We extracted total RNA by TRIzol reagent (Thermo Fisher
Scientific, 15596026) and detected the purity of collected RNA via
NanoDrop One Microvolume UV-Vis Spectrophotometers. 1 pg
RNA was used to reverse-transcribe to cDNA using PrimeScript
RT Master Mix (TaKaRa, RR036A) based on the specifications. The

frontiersin.org
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TABLE 3 Top 20 pathways by KEGG analysis.

10.3389/fphar.2023.1302059

D) Description P-value Count

hsa04659 Th17 cell differentiation 1.43E-11 8
hsa05321 Inflammatory bowel disease 2.43E-11 7
hsa05167 Kaposi sarcoma-associated herpesvirus infection 3.69E-11 9
hsa05162 Measles 1.11E-10 8
hsa04658 Th1 and Th2 cell differentiation 2.97E-10 7
hsa04933 AGE-RAGE signaling pathway in diabetic complications 5.37E-10 7
hsa05418 Fluid shear stress and atherosclerosis 5.49E-09 7
hsa05212 Pancreatic cancer 5.62E-09 6
hsa05140 Leishmaniasis 6.09E-09 6
hsa05330 Allograft rejection 9.25E-09 5
hsa05161 Hepatitis B 1.60E-08 7
hsa04657 IL-17 signaling pathway 2.05E-08 6
hsa04672 Intestinal immune network for IgA production 3.47E-08 5
hsa04620 Toll-like receptor signaling pathway 3.78E-08 6
hsa04625 C-type lectin receptor signaling pathway 3.78E-08 6
hsa04660 T cell receptor signaling pathway 3.78E-08 6
hsa05145 Toxoplasmosis 5.90E-08 6
hsa05169 Epstein-Barr virus infection 7.37E-08 7
hsa04630 JAK-STAT signaling pathway 6.15E-07 6
hsa05235 PD-L1 expression and PD-1 checkpoint pathway in cancer 7.19E-07 5

primers are listed in Supplementary Table S3. We mixed primers,
c¢DNA and PowerUp SYBR Green Master Mix (Thermo Fisher
Scientific, A25742) and conducted RT-qPCR on QuantStudio
5 Real-Time PCR System (Table 2). Finally we calculated relative
gene expression by the 27T method.

2.8 Xenotransplantation of tumors

The specific-pathogen-free (SPF) male BALB/c nude mice
(4-6 weeks old, 23.40 = 1.61 g) with same age and genetic
background, were acquired from Beijing Vital River
Laboratory Animal Technology Co., Ltd. All animals were
kept under standard laboratory conditions with free access to
standard water and food. All procedures were conducted in
accordance with the “Guiding Principles in the Care and Use of
Animals” (China) and approved by Ethics Committee of
Laboratory Animal Welfare, Institute of Environmental and
Operational Medicine Research Department (LACUC of
AMMS-04-2023-010). 1x10° SCC-25 cells were
subcutaneously injected into each BALB/c nude mouse.
When the tumors grew to 50 mm®, the mice were divided
into two groups of 10 mice each. Based on previous studies
and considering the solubility of triptolide, we determined
the dosage and method of triptolide (Yu et al., 2020; Cai
et al,, 2021; Deng et al.,, 2021). 1) In the control group, the
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TABLE 4 Docking scores of triptolide and 10 key targets.

gene PDB ID Docking score

JUN 4y46 -5.977
MAPKS 3elj -5.609
TP53 8dc6 -5.315
CXCR4 30e8 -4.83
PTGS2 5fL9 -3.361
STATI1 7nuf -2.968
STAT3 6njs -2.426
VEGFA 6v7k -1.959
1.2 1m48 -1.727
L4 No matching options

mice were intraperitoneally injected with 10% DMSO and
corn oil. 2) In the triptolide group, the mice were
intraperitoneally  injected with  0.75mg/kg triptolide
(dissolved in DMSO and diluted with corn oil in a 1:9 ratio),
once every 3 days for 3 weeks. We used the Vernier scale to
measure tumor size. The formula for calculating tumor volume

(mm?) was 0.5 x (shortest diameter)® x (longest diameter).
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FIGURE 4
The interactions between triptolide and its core targets. This includes complete graph, partial graph and simplified graph.

2.9 Statistical analysis groups were analyzed by one-way Anova followed by Dunnett’s
multiple comparisons test. Unpaired Student’s t-test was used for
The data were analyzed with GraphPad Prism 9.0 software. The  analysis between the two groups. Our experimental data were

default p < 0.05 was significantly different between groups. Multiple  presented as mean + SD.
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FIGURE 5

Triptolide inhibited OSCC cell proliferation. (A) The CCK8 assay was used to measure cell growth. Compared with the control group, *p < 0.05, **p <
0.01, ***p < 0.001. SCC-25 cells are left part and CAL-27 cells are right part. (B) The representative images of wound-healing assay in two groups. The
statistics were expressed as Mean + SEM, n = 3 (SCC-25 cells). Compared with the control group, *p < 0.05. The statistics were expressed as Mean + SEM,
n = 3 (CAL-27 cells). Compared with the control group, ***p < 0.001, **p < 0.01, *p < 0.05. (C) Triptolide inhibited core target expression in OSCC
cells. Quantitative RT-PCR analysis of TP53, JUN, MAPK8, STAT1, STAT3, PTGS2, VEGFA, CXCR4, IL4 and IL2 mRNA expression. Compared with the

control group, *p < 0.05, **p < 0.01.

3 Results
3.1 Targets of triptolide and OSCC

We searched the Swiss Target Prediction and TCMSP databases,
and identified 35 targets predicted for triptolide. The drug-active
compound-target network diagram reflects the correspondence
between triptolide and the target (Figure 1A).

We also searched OMIM and GeneCards databases using the
keyword “oral squamous cell carcinoma”. We found almost
5,500 related targets from GeneCards and selected the top 310 targets
with relevance scores greater than 50.0134 (Figure 1B). We pooled these
selected targets with 300 potential targets from OMIM, and 449 potential
OSCC targets were obtained after removing the duplicates.

3.2 Core target screening of triptolide in
OSCC treatment

17 intersection targets were obtained after crossing the triptolide
targets with OSCC targets (Figures 2A, B). The predicted
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17 intersection targets were imported into the STRING database,
and a protein interaction relationship map was generated
(Figure 2C). The PPI network data were imported into Cytoscape
to establish a network diagram of the interactions of the target
proteins (Figure 2D). The core target network was obtained after an
analysis of the topological characteristics, revealing a protein
correlation between triptolide and OSCC (Figure 2E). The core
target network contained 17 nodes and 93 edges. The yellow-to-
green change in color of the nodes indicates a small-to-large
betweenness value. A larger betweenness value suggests that more
nodes interact with the gene. Based on the betweenness value, 10 key
proteins were selected: PTGS2, STAT1, STAT3, VEGFA, CXCR4,
TP53, Jun, MAPKS, IL-2, and IL-4.

3.3 GO and KEGG pathway
enrichment analysis

R software was used to perform GO and KEGG pathway

enrichment analyses of the 17 candidate target genes, which
were calculated by applying the R package clusterProfiler
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(Supplementary Table S4). The GO analysis included biological
processes (BPs), cellular components (CCs), and molecular
functions (MFs). The BPs indicated that the targets are
mainly associated with cell differentiation and immune cell
activation such as mononuclear cell, lymphocyte and T cell
differentiation, lymphocyte and T cell activation (Figures
3A-C). The results of KEGG analysis showed that the
JAK-STAT signaling pathway plays an important role in
OSCC (Figure 3D; Table 3). A prediction map of the
JAK-STAT pathway associated with the targets of triptolide-
treated OSCC is shown in Figure 3E.

3.4 Molecular docking

To validate and visualize the predicted targets for triptolide in
OSCC treatment, the target proteins and small molecules of
triptolide were subjected to molecular docking simulations in
Maestro. Binding energy is negatively correlated with the binding
capacity between molecules and targets. Potential exists for
triptolide binding to other predicted targets except for IL-4, and
the docking scores of Jun, MAPKS, and TP53 were all less
than —5kcal/mol (Table 4), indicating a strong docking effect
(Figure 4A). Jun, MAPK8 and TP53 are related to MAPK
signaling pathway, which suggests that MAPK signaling pathway
may play a central role in the treatment of oral squamous cell
carcinoma by triptolide.
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3.5 Triptolide inhibited proliferation,
migration, and expression of core target
genes in OSCC

We examined the proliferation and migration of SCC-25 and CAL-27
cells treated with different triptolide concentrations for 24 h (0, 0.01, 0.1, 1,
10, 100, 1,000 and 10000 nM). Cell proliferation was significantly
suppressed at 100 nM triptolide; no significant difference was observed
in cell proliferation at higher drug concentrations (Figure 5A). We
compared the predicted gene expression levels in OSCC cells treated
with triptolide. The mRNA levels of most of the predicted targets such as
TP53, STAT1, and STAT3 were significantly downregulated, whereas IL-2
gene expression was increased. IL-4 expression did not change in SCC-25
cells and was not detected in CAL-27 cells (Figure 5B). The scratch wound-
healing assay was performed with 100 nM triptolide as the effective
concentration. Triptolide (100 nM) significantly inhibited wound
closure, and the number of migrating cells in the control group was
significantly higher than that in the triptolide-treated group (Figure 5C).
The results of KEGG data and molecular docking indicated that the
downregulated genes after triptolide treatment were mainly related to JAK-
STAT signaling pathway and MAPK signaling pathway. Studies have
shown that IL2 can inhibit tumor cell proliferation by influencing JAK-
STAT signaling pathway through autocrine mode (Gotthardt et al., 2019).
The results suggest that triptolide can inhibit JAK-STAT-related genes by
increasing the expression of IL2 on the one hand, and inhibit MAPK
signaling pathway related genes on the other hand, and jointly achieve the
purpose of inhibiting cell growth and proliferation.
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3.6 Triptolide suppressed tumors in
xenograft mouse model

SCC-25 cells were used to evaluate the inhibitory effects of
triptolide in vivo in xenograft mouse model. The triptolide group
showed a marked decrease in tumor volume and weight compared
with the vehicle group (Figure 6A). The Jun mRNA expression
decreased after triptolide treatment, whereas no significant
difference was found in the expression of the other genes.
However, the expressions of STAT1, CXCR4, PTGS2, and
VEGFA tended to decrease (Figure 6B). The differences in the
gene expressions between the in vivo and in vitro experiments
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may have been due to the indirect and limited effect of triptolide
on cancer cells in vivo compared with that in vitro.

4 Discussion

In our study, we found 35 targets for triptolide and
approximately 5,800 targets for OSCC. Of these, we selected
449 OSCC targets for subsequent analysis. We identified 17 nodes
in the core PPI network after merging two networks. The BPs
identified in the GO analysis that were enriched included the
immune response and immune cell differentiation including
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T cells, mononuclear cells, and lymphocytes. KEGG analysis and
in vivo experimental results showed that the JAK-STAT signaling
pathway may play a key role in OSCC treatment (Figure 7).
The JAK-STAT signaling pathway is a pivotal aspect of cell
processes
homeostasis and development, including tissue repair, cell

function that mediates various required for

proliferation, inflammation, apoptosis, hematopoiesis, and
2019; Hu et al., 2021).
Abnormal activation of the JAK-STAT signaling pathway is

immune fitness (Owen et al,
detected in various types of cancers, including head and neck,
lung, pancreatic, breast, rectal, and prostate cancers (Xue et al,,
2023). To date, researchers have found seven members of the
STAT family (STATs 1-4, 5A, 5B, and 6); however, STAT
proteins function differently in cancer (O’Shea et al., 2015).
STAT3 acts as a critical player in OSCC occurrence and
development (Jiang and Li, 2022). STAT3 increases cell
proliferation and inhibits apoptosis in OSCC via several
targets including Bcl-2, Bcl-xL, Survivin, and cyclin DI
(Deepak Roshan et al., 2018; Wei et al., 2022). Arecoline
induces STAT3 expression, resulting in the upregulation of
c-Myc  expression  (Chuerduangphui et al, 2018).
STAT3 binds to the promoter region of Glut5 to enhance the
transcription of Glut5 to increase the uptake and use of fructose

for OSCC cell growth (Huang et al, 2022). JAK2/
STAT3 signaling activates epiregulin-induced cancer-
associated fibroblasts, which stimulates the

epithelial-mesenchymal transition (EMT) of OSCC cells,
which is necessary for migration and invasion (Wang et al,,
2019). CCL18 promotes cell growth, metastasis, and EMT in
OSCC through the JAK2/STAT3 signaling pathway (Jiang et al.,
2020). Inhibition of HNF1A-SA1l expression suppresses the
proliferation, migration, and EMT of OSCC cells through the
Notch signaling pathway, whereas STAT3 promotes HNF1A-
SA1 upregulation (Liu et al., 2019). CCL4 enhances Angpt2 and
VEGEF-C expressions via the MEK/ERK/STAT3 and JAK2/
STAT3 pathways, respectively, to promote angiogenesis and
lymphangiogenesis in OSCC, thereby increasing the propensity
of metastasis (Lien et al., 2018; Lu et al., 2022). Additionally,
STAT3 is associated with the chemosensitivity and
radiosensitivity of OSCC cells (Chen et al., 2019; Jia et al,
2022). Fewer studies have been conducted on the association
between STAT1 and OSCC than on the role of STAT3 in OSCC.
FEN1 may directly or indirectly regulate HLA-DR and PD-L1 in
OSCC via the IFN-y/JAK/STAT1 pathway (Wang et al., 2023).
Shan et al. reported that the downregulation of STATI/
BST2 axis inhibited OSCC cell growth through the AKT/
ERK1/2 signaling pathway (Shan et al., 2023). Overall, above
results demonstrate that the JAK/STAT signaling pathway is a
potential molecular target and biomarker for OSCC.

Jun, TP53, STAT3, and MAPK8 (JNK1) were the predicted
proteins in our findings, indicating that the MAPK signaling
pathway is closely related to the treatment of OSCC. The results
of several studies have supported the anticancer role of JNK alone or
synergistically with downstream molecules in OSCC. Yang et al.
reported that hispolon may activate the JNK pathway to induce
caspase-dependent apoptosis (Yang et al., 2023). Chen et al. also
demonstrated that triptolide can induce apoptosis of OSCC cell lines
SCC-25 and OEC-M1 in vivo by activating caspase-25 and caspase-1
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(Chen et al., 2009). The downregulation of BAGALNT1 can inhibit
proliferation and growth in OSCC cells via the JNK pathway (Jing
et al, 2020). Curcumin analogue HO-3867 affects cell growth in
OSCC cells by triggering activated cysteine protease and PARP
through the JNK1/2 pathway (Chen et al, 2022). Migration,
invasion, adhesion, and EMT of OSCC cells are inhibited in a
way that CHRDLI affects the MAPK pathway (Wu et al., 2022).
The pharmacological inhibition of JNK considerably inhibits cell
invasion and the expressions of MMP-2 and MMP-9 in galectin-7-
overexpressing OSCC cells (Guo and Li, 2017). However, some
results support the tumorigenic role of JUK in OSCC. ICAM-1
expression is upregulated to increase OSCC cell migration due to IL-
6 stimulation though JNK, Syk, and AP-1 signaling pathways
(Chuang et al., 2014).

MAPK and JAK-STAT signal pathways
independently, and there is a cross-talk association between
them. JAK-STAT pathway is one of the highly conserved and
that
extracellular signals from transmembrane receptors to the

do not exist

structurally simple pathways in animals transmit
nucleus with very few intermediate steps (Xin et al., 2020). JAK-
STAT pathway is directly connected with a total of eight pathways,
including MAPK signaling pathway (Zhao et al., 2021) and PI3K-
Akt pathway (Habanjar et al., 2023), and plays a central role in
tumors, closely related to cell differentiation, proliferation,
apoptosis, immunity (Haftcheshmeh et al, 2022) and other
functions, as also mentioned in the GO analysis above. JAK2-
STAT3/MAPK-AP1 pathway supports OSCC survival, invasion,
treatment resistance, and general immune function by regulating
and regulating PD-L1 (Jha et al., 2023). SOCSI can inhibit JAK/
STAT and p44/42 MAPK pathways through overexpression, thus
affecting tumorigenesis and growth of OSCC (Nakatani et al., 2022).

In summary, the results of this study indicate a potential tumor
suppressor role of triptolide via JAK-STAT and MAPK signaling
pathways, simultaneously down-regulating P53 downstream in
OSCC treatment. However, discrepancies exist between the
network pharmacology analysis and experimental results, which
indicate that network pharmacology only provides a general
direction for future study. The results need to be further verified

through other experiments.

5 Conclusion

To
components, targets and multiple pathways.
Triptolide has therapeutic effects on OSCC by down-
regulating the expression of Jun, MAPKS8, TP53, STATS3,
VEGFA, IL2, CXCR4, PTGS2, and inhibiting cell growth. The
molecular mechanism of triptolide in the treatment of OSCC is

sum up, triptolide is characterized by multiple

multiple

deeply explored to provide a new approach and provide a new
idea for the study of targeted therapeutic mechanisms.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Materials, further inquiries can be
directed to the corresponding authors.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1302059

Hao et al.

Ethics statement

Ethical approval was not required for the studies on humans
in accordance with the local legislation and institutional
requirements because only commercially available established
cell lines were used. The animal study was approved by the Ethics
Welfare, of
Environmental —and  Operational =~ Medicine  Research
Department (LACUC of AMMS-04-2023-010). The study was
conducted in accordance with the local legislation and

Committee of Laboratory Animal Institute

institutional requirements. No potentially identifiable images
or data are presented in this study.

Author contributions

PH: Data curation, Writing-original draft, Methodology. PZ:
Data curation, Writing-original draft, Writing-review and
editing. YL: Data curation, Methodology, Writing-review and
editing. YC: Data curation, Methodology, Writing-review and
editing. LD: Methodology, Writing-review and editing. LG:
Methodology, Supervision, Writing-review and editing. QD:
Funding acquisition, Project administration, Writing-review
and editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The
Fundamental Research Program of Shanxi Province, China
(202203021211292) supported this project.

References

Almangush, A., Mikitie, A. A., Triantafyllou, A., de Bree, R, Strojan, P., Rinaldo, A.,
et al. (2020). Staging and grading of oral squamous cell carcinoma: an update. Oral
Oncol. 107, 104799. doi:10.1016/j.oraloncology.2020.104799

Cai, J., Yi, M,, Tan, Y., Li, X,, Li, G, Zeng, Z., et al. (2021). Natural product triptolide
induces GSDME-mediated pyroptosis in head and neck cancer through suppressing
mitochondrial hexokinase-IL. J. Exp. Clin. Cancer Res. 40, 190. doi:10.1186/s13046-021-
01995-7

Caicedo-Granados, E., Lin, R., Fujisawa, C., Yueh, B., Sangwan, V., and Saluja, A.
(2014). Wild-type p53 reactivation by small-molecule Minnelide™ in human
papillomavirus (HPV)-positive head and neck squamous cell carcinoma. Oral Oncol.
50, 1149-1156. doi:10.1016/j.oraloncology.2014.09.013

Chamoli, A., Gosavi, A. S., Shirwadkar, U. P., Wangdale, K. V., Behera, S. K, Kurrey,
N. K, et al. (2021). Overview of oral cavity squamous cell carcinoma: risk factors,
mechanisms, and diagnostics. Oral Oncol. 121, 105451. doi:10.1016/j.oraloncology.
2021.105451

Chen, C.-W., Hsieh, M.-]., Ju, P.-C., Hsieh, Y.-H., Su, C.-W., Chen, Y.-L., et al. (2022).
Curcumin analog HO-3867 triggers apoptotic pathways through activating JNK1/

2 signalling in human oral squamous cell carcinoma cells. J. Cell Mol. Med. 26,
2273-2284. doi:10.1111/jcmm.17248

Chen, J.-H., Wu, A. T. H,, Bamodu, O. A, Yadav, V. K,, Chao, T.-Y., Tzeng, Y.-M.,
et al. (2019). Ovatodiolide suppresses oral cancer malignancy by down-regulating
exosomal mir-21/STAT3/pB-catenin cargo and preventing oncogenic transformation of
normal gingival fibroblasts. Cancers (Basel) 12, 56. doi:10.3390/cancers12010056

Chen, Y.-W., Lin, G.-J., Chia, W.-T,, Lin, C.-K., Chuang, Y.-P., and Sytwu, H.-K.
(2009). Triptolide exerts anti-tumor effect on oral cancer and KB cells in vitro and in
vivo. Oral Oncol. 45, 562-568. doi:10.1016/j.oraloncology.2008.10.007

Chuang, J.-Y., Huang, Y.-L., Yen, W.-L., Chiang, L-P., Tsai, M.-H., and Tang, C.-H.
(2014). Syk/JNK/AP-1 signaling pathway mediates interleukin-6-promoted cell

Frontiers in Pharmacology

12

10.3389/fphar.2023.1302059

Acknowledgments

We thank YL and YC of Environmental and Operational
Medicine Research Department for their technical assistances in
this study. We are grateful to GeneCards, OMIM and TCMSP
database for their research data and computing platform for this
study. Editors and reviewers put forward valuable suggestions to
make the article more in line with scientific logic, for which the
author is grateful.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2023.1302059/
full#supplementary-material

migration in oral squamous cell carcinoma. Int. J. Mol. Sci. 15, 545-559. doi:10.
3390/ijms15010545

Chuerduangphui, J., Ekalaksananan, T., Chaiyarit, P., Patarapadungkit, N.,
Chotiyano, A., Kongyingyoes, B., et al. (2018). Effects of arecoline on
proliferation of oral squamous cell carcinoma cells by dysregulating c-Myc and
miR-22, directly targeting oncostatin M. PLoS One 13, €0192009. doi:10.1371/
journal.pone.0192009

de Camargo, M. R, Frazon, T. F,, Inacio, K. K., Smiderle, F. R., Amor, N. G., Dionisio,
T. J., et al. (2022). Ganoderma lucidum polysaccharides inhibit in vitro tumorigenesis,
cancer stem cell properties and epithelial-mesenchymal transition in oral squamous cell
carcinoma. J. Ethnopharmacol. 286, 114891. doi:10.1016/j.jep.2021.114891

Deepak Roshan, V. G., Sinto, M. S., Thomas, S., and Kannan, S. (2018). Cyclin
D1 overexpression associated with activation of STAT3 in oral carcinoma patients from
South India. J. Cancer Res. Ther. 14, 403-408. doi:10.4103/0973-1482.188295

Deng, Q., Lei, X.-P.,, Zhong, Y.-H., Chen, M.-S,, Ke, Y.-Y,, Li, Z,, et al. (2021).
Triptolide suppresses the growth and metastasis of non-small cell lung cancer by
inhibiting -catenin-mediated epithelial-mesenchymal transition. Acta Pharmacol. Sin.
42, 1486-1497. doi:10.1038/s41401-021-00657-w

Fan, T, Wang, X, Zhang, S., Deng, P, Jiang, Y. Liang, Y. et al. (2022).
NUPRI1 promotes the proliferation and metastasis of oral squamous cell carcinoma
cells by activating TFE3-dependent autophagy. Signal Transduct. Target Ther. 7, 130.
doi:10.1038/s41392-022-00939-7

Gang, W., Hao, H.,, Yong, H., Ruibing, F., Chaowen, L., Yizheng, H., et al. (2022).
Therapeutic potential of triptolide in treating bone-related disorders. Front. Pharmacol.
13, 905576. doi:10.3389/fphar.2022.905576

Gotthardt, D., Trifinopoulos, J., Sex], V., and Putz, E. M. (2019). JAK/STAT cytokine
signaling at the crossroad of NK cell development and maturation. Front. Immunol. 10,
2590. doi:10.3389/fimmu.2019.02590

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2023.1302059/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2023.1302059/full#supplementary-material
https://doi.org/10.1016/j.oraloncology.2020.104799
https://doi.org/10.1186/s13046-021-01995-7
https://doi.org/10.1186/s13046-021-01995-7
https://doi.org/10.1016/j.oraloncology.2014.09.013
https://doi.org/10.1016/j.oraloncology.2021.105451
https://doi.org/10.1016/j.oraloncology.2021.105451
https://doi.org/10.1111/jcmm.17248
https://doi.org/10.3390/cancers12010056
https://doi.org/10.1016/j.oraloncology.2008.10.007
https://doi.org/10.3390/ijms15010545
https://doi.org/10.3390/ijms15010545
https://doi.org/10.1371/journal.pone.0192009
https://doi.org/10.1371/journal.pone.0192009
https://doi.org/10.1016/j.jep.2021.114891
https://doi.org/10.4103/0973-1482.188295
https://doi.org/10.1038/s41401-021-00657-w
https://doi.org/10.1038/s41392-022-00939-7
https://doi.org/10.3389/fphar.2022.905576
https://doi.org/10.3389/fimmu.2019.02590
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1302059

Hao et al.

Guo, J.-P,, and Li, X.-G. (2017). Galectin-7 promotes the invasiveness of human oral
squamous cell carcinoma cells via activation of ERK and JNK signaling. Oncol. Lett. 13,
1919-1924. doi:10.3892/01.2017.5649

Habanjar, O., Bingula, R., Decombat, C., Diab-Assaf, M., Caldefie-Chezet, F., and
Delort, L. (2023). Crosstalk of inflammatory cytokines within the breast tumor
microenvironment. Int. J. Mol. Sci. 24, 4002. doi:10.3390/ijms24044002

Haftcheshmeh, S. M., Abedi, M., Mashayekhi, K., Mousavi, M. J., Navashenagq, J. G.,
Mohammadi, A., et al. (2022). Berberine as a natural modulator of inflammatory
signaling pathways in the immune system: focus on NF-«B, JAK/STAT, and MAPK
signaling pathways. Phytother. Res. 36, 1216-1230. doi:10.1002/ptr.7407

Hu, X, Li, J., Fu, M,, Zhao, X, and Wang, W. (2021). The JAK/STAT signaling
pathway: from bench to clinic. Signal Transduct. Target Ther. 6, 402. doi:10.1038/
541392-021-00791-1

Hu, Y., Wu, Q., Wang, Y., Zhang, H,, Liu, X, Zhou, H., et al. (2022). The molecular
pathogenesis of triptolide-induced hepatotoxicity. Front. Pharmacol. 13, 979307. doi:10.
3389/fphar.2022.979307

Huang, X., Fang, J., Lai, W., Hu, Y., Li, L., Zhong, Y., et al. (2022). IL-6/STAT3 Axis
activates Glut5 to regulate fructose metabolism and tumorigenesis. Int. J. Biol. Sci. 18,
3668-3675. doi:10.7150/ijbs.68990

Jha, A., Alam, M., Kashyap, T., Nath, N., Kumari, A., Pramanik, K. K,, et al. (2023).
Crosstalk between PD-L1 and Jak2-Stat3/MAPK-AP1 signaling promotes oral cancer
progression, invasion and therapy resistance. Int. Immunopharmacol. 124, 110894.
doi:10.1016/j.intimp.2023.110894

Jia, L., Huang, P., Lin, T,, Lin, C,, Ding, X,, Lin, L, et al. (2022). CircPUM1 knockdown
confers radiosensitivity in oral squamous cell carcinoma by regulating the miR-580/
STAT3 pathway. Front. Genet. 13, 907219. doi:10.3389/fgene.2022.907219

Jiang, M., and Li, B. (2022). STATS3 and its targeting inhibitors in oral squamous cell
carcinoma. Cells 11, 3131. doi:10.3390/cells11193131

Jiang, X., Huang, Z., Sun, X., Zheng, X,, Liu, J., Shen, J., et al. (2020). CCL18-NIR1
promotes oral cancer cell growth and metastasis by activating the JAK2/
STATS3 signaling pathway. BMC Cancer 20, 632. doi:10.1186/s12885-020-07073-z

Jing, S., Deng, Z., Liang, L., and Liang, J. (2020). BAGALNT1 enhances cell
proliferation and growth in oral squamous cell carcinoma via p38 and JNK MAPK
pathway. Transl. Cancer Res. 9, 2340-2348. doi:10.21037/tcr.2020.03.73

Kuo, C.-S., Yang, C.-Y,, Lin, C.-K,, Lin, G.-J., Sytwu, H.-K,, and Chen, Y.-W. (2021).
Triptolide suppresses oral cancer cell PD-L1 expression in the interferon-y-modulated
microenvironment in vitro, in vivo, and in clinical patients. Biomed. Pharmacother. 133,
111057. doi:10.1016/j.biopha.2020.111057

Lien, M.-Y,, Tsai, H.-C., Chang, A.-C., Tsai, M.-H., Hua, C.-H., Wang, S.-W., et al.
(2018). Chemokine CCL4 induces vascular endothelial growth factor C expression and
lymphangiogenesis by miR-195-3p in oral squamous cell carcinoma. Front. Immunol. 9,
412. doi:10.3389/fimmu.2018.00412

Lin, X., Wu, X,, Gomaa, A., Chen, J., Wu, L., Xie, X, et al. (2020). Analysis of risk
factors for multiple primary oral squamous cell carcinoma: a cohort study. Clin. Oral
Investig. 24, 3147-3155. doi:10.1007/s00784-019-03189-0

Liu, Z., Li, H,, Fan, S,, Lin, H,, and Lian, W. (2019). STAT3-induced upregulation of
long noncoding RNA HNF1A-AS1 promotes the progression of oral squamous cell
carcinoma via activating Notch signaling pathway. Cancer Biol. Ther. 20, 444-453.
doi:10.1080/15384047.2018.1529119

Lu, C.-C, Tsai, H.-C,, Yang, D.-Y., Wang, S.-W., Tsai, M.-H., Hua, C.-H,, et al. (2022).
The chemokine CCL4 stimulates angiopoietin-2 expression and angiogenesis via the
MEK/ERK/STATS3 pathway in oral squamous cell carcinoma. Biomedicines 10, 1612.
doi:10.3390/biomedicines10071612

Manzano-Moreno, F. J., Costela-Ruiz, V. J., Garcia-Recio, E., Olmedo-Gaya, M. V.,
Ruiz, C., and Reyes-Botella, C. (2021). Role of salivary MicroRNA and cytokines in the

diagnosis and prognosis of oral squamous cell carcinoma. Int. J. Mol. Sci. 22, 12215.
doi:10.3390/ijms222212215

Meng, X,, Lou, Q.-Y., Yang, W.-Y,, Wang, Y.-R,, Chen, R,, Wang, L., et al. (2021). The
role of non-coding RNAs in drug resistance of oral squamous cell carcinoma and
therapeutic potential. Cancer Commun. (Lond) 41, 981-1006. doi:10.1002/cac2.12194

Nakatani, K., Serada, S., Fujimoto, M., Obata, K., Ohkawara, T., Sasabe, E., et al.
(2022). Gene therapy with SOCS1 induces potent preclinical antitumor activities in oral
squamous cell carcinoma. J. Oral Pathol. Med. 51, 126-133. doi:10.1111/jop.13268

Frontiers in Pharmacology

13

10.3389/fphar.2023.1302059

Noel, P., Von Hoff, D. D,, Saluja, A. K., Velagapudi, M., Borazanci, E., and Han, H.
(2019). Triptolide and its derivatives as cancer therapies. Trends Pharmacol. Sci. 40,
327-341. doi:10.1016/j.tips.2019.03.002

O’Shea, J. J., Schwartz, D. M., Villarino, A. V., Gadina, M., McInnes, 1. B., and
Laurence, A. (2015). The JAK-STAT pathway: impact on human disease and
therapeutic intervention. Annu. Rev. Med. 66, 311-328. doi:10.1146/annurev-med-
051113-024537

Owen, K. L., Brockwell, N. K., and Parker, B. S. (2019). JAK-STAT signaling: a double-
edged sword of immune regulation and cancer progression. Cancers (Basel) 11, 2002.
doi:10.3390/cancers11122002

Shan, F., Shen, S., Wang, X., and Chen, G. (2023). BST2 regulated by the transcription
factor STAT1 can promote metastasis, invasion and proliferation of oral squamous cell
carcinoma via the AKT/ERK1/2 signaling pathway. Int. J. Oncol. 62, 54. doi:10.3892/ijo.
2023.5502

Shi, S., Luo, H,, Wang, L., Li, H,, Liang, Y., Xia, J., et al. (2021). Combined inhibition of
RNA polymerase I and mTORC1/2 synergize to combat oral squamous cell carcinoma.
Biomed. Pharmacother. 133, 110906. doi:10.1016/j.biopha.2020.110906

Song, X., Zhang, Y., Dai, E., Wang, L., and Du, H. (2020). Prediction of triptolide
targets in rheumatoid arthritis using network pharmacology and molecular docking.
Int. Immunopharmacol. 80, 106179. doi:10.1016/j.intimp.2019.106179

Wang, J., Chen, X,, Tian, Y., Zhu, G., Qin, Y., Chen, X,, et al. (2020). Six-gene
signature for predicting survival in patients with head and neck squamous cell
carcinoma. Aging (Albany NY) 12, 767-783. doi:10.18632/aging.102655

Wang, S., Wang, X,, Sun, ], Yang, J., Wu, D., Wu, F,, et al. (2023). Down-regulation of
DNA key protein-FEN1 inhibits OSCC growth by affecting immunosuppressive
phenotypes via IFN-y/JAK/STAT-1. Int. J. Oral Sci. 15, 17. doi:10.1038/s41368-023-
00221-8

Wang, Y., Jing, Y., Ding, L., Zhang, X., Song, Y., Chen, S., et al. (2019). Epiregulin
reprograms cancer-associated fibroblasts and facilitates oral squamous cell carcinoma
invasion via JAK2-STAT3 pathway. J. Exp. Clin. Cancer Res. 38, 274. doi:10.1186/
513046-019-1277-x

Wei, L.-Y,, Lin, H.-C,, Tsai, F.-C,, Ko, J.-Y., Kok, S.-H., Cheng, S.-J., et al. (2022).
Effects of Interleukin-6 on STAT3-regulated signaling in oral cancer and as a
prognosticator of patient survival. Oral Oncol. 124, 105665. doi:10.1016/j.
oraloncology.2021.105665

Wu, Q., Zheng, Z., Zhang, J., Piao, Z., Xin, M., Xiang, X,, et al. (2022). Chordin-like
1 regulates epithelial-to-mesenchymal transition and metastasis via the MAPK signaling
pathway in oral squamous cell carcinoma. Front. Oncol. 12, 862751. doi:10.3389/fonc.
2022.862751

Xin, P., Xu, X,, Deng, C,, Liu, S., Wang, Y., Zhou, X,, et al. (2020). The role of JAK/
STAT signaling pathway and its inhibitors in diseases. Int. Immunopharmacol. 80,
106210. doi:10.1016/j.intimp.2020.106210

Xue, C,, Yao, Q., Gu, X,, Shi, Q,, Yuan, X,, Chu, Q,, et al. (2023). Evolving cognition of
the JAK-STAT signaling pathway: autoimmune disorders and cancer. Signal Transduct.
Target Ther. 8, 204. doi:10.1038/s41392-023-01468-7

Yang, C.-Y,, Lin, C.-K,, Hsieh, C.-C,, Tsao, C.-H., Lin, C.-S., Peng, B,, et al. (2019).
Anti-oral cancer effects of triptolide by downregulation of DcR3 in vitro, in vivo, and in
preclinical patient-derived tumor xenograft model. Head. Neck 41, 1260-1269. doi:10.
1002/hed.25554

Yang, C.-Y,, Lin, C.-K,, Lin, G.-J., Hsieh, C.-C., Huang, S.-H., Ma, K.-H,, et al. (2017).
Triptolide represses oral cancer cell proliferation, invasion, migration, and angiogenesis
in co-inoculation with U937 cells. Clin. Oral Investig. 21, 419-427. doi:10.1007/s00784-
016-1808-1

Yang, W.-E., Chen, Y.-T., Su, C.-W., Chen, M.-K,, Yeh, C.-M., Chen, Y.-L,, et al.
(2023). Hispolon induces apoptosis in oral squamous cell carcinoma cells through
JNK/HO-1 pathway activation. J. Cell Mol. Med. 27,1250-1260. doi:10.1111/jcmm.
17729

Yu, D, Liu, Y., Zhou, Y., Ruiz-Rodado, V., Larion, M., Xu, G., et al. (2020). Triptolide
suppresses IDH1-mutated malignancy via Nrf2-driven glutathione metabolism. Proc.
Natl. Acad. Sci. U. S. A. 117, 9964-9972. doi:10.1073/pnas.1913633117

Zhao, H., Wy, L., Yan, G., Chen, Y., Zhou, M., Wu, Y., et al. (2021). Inflammation and
tumor progression: signaling pathways and targeted intervention. Signal Transduct.
Target Ther. 6, 263. doi:10.1038/s41392-021-00658-5

frontiersin.org


https://doi.org/10.3892/ol.2017.5649
https://doi.org/10.3390/ijms24044002
https://doi.org/10.1002/ptr.7407
https://doi.org/10.1038/s41392-021-00791-1
https://doi.org/10.1038/s41392-021-00791-1
https://doi.org/10.3389/fphar.2022.979307
https://doi.org/10.3389/fphar.2022.979307
https://doi.org/10.7150/ijbs.68990
https://doi.org/10.1016/j.intimp.2023.110894
https://doi.org/10.3389/fgene.2022.907219
https://doi.org/10.3390/cells11193131
https://doi.org/10.1186/s12885-020-07073-z
https://doi.org/10.21037/tcr.2020.03.73
https://doi.org/10.1016/j.biopha.2020.111057
https://doi.org/10.3389/fimmu.2018.00412
https://doi.org/10.1007/s00784-019-03189-0
https://doi.org/10.1080/15384047.2018.1529119
https://doi.org/10.3390/biomedicines10071612
https://doi.org/10.3390/ijms222212215
https://doi.org/10.1002/cac2.12194
https://doi.org/10.1111/jop.13268
https://doi.org/10.1016/j.tips.2019.03.002
https://doi.org/10.1146/annurev-med-051113-024537
https://doi.org/10.1146/annurev-med-051113-024537
https://doi.org/10.3390/cancers11122002
https://doi.org/10.3892/ijo.2023.5502
https://doi.org/10.3892/ijo.2023.5502
https://doi.org/10.1016/j.biopha.2020.110906
https://doi.org/10.1016/j.intimp.2019.106179
https://doi.org/10.18632/aging.102655
https://doi.org/10.1038/s41368-023-00221-8
https://doi.org/10.1038/s41368-023-00221-8
https://doi.org/10.1186/s13046-019-1277-x
https://doi.org/10.1186/s13046-019-1277-x
https://doi.org/10.1016/j.oraloncology.2021.105665
https://doi.org/10.1016/j.oraloncology.2021.105665
https://doi.org/10.3389/fonc.2022.862751
https://doi.org/10.3389/fonc.2022.862751
https://doi.org/10.1016/j.intimp.2020.106210
https://doi.org/10.1038/s41392-023-01468-7
https://doi.org/10.1002/hed.25554
https://doi.org/10.1002/hed.25554
https://doi.org/10.1007/s00784-016-1808-1
https://doi.org/10.1007/s00784-016-1808-1
https://doi.org/10.1111/jcmm.17729
https://doi.org/10.1111/jcmm.17729
https://doi.org/10.1073/pnas.1913633117
https://doi.org/10.1038/s41392-021-00658-5
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1302059

	Network pharmacology and experiment validation investigate the potential mechanism of triptolide in oral squamous cell carc ...
	1 Introduction
	2 Materials and methods
	2.1 Target genes prediction of triptolide and OSCC
	2.1.1 Prediction of OSCC-related target genes
	2.1.2 Prediction of genes targeted by triptolide

	2.2 Construction and analysis of component–target–disease network
	2.3 Screening and enrichment of core targets
	2.4 Macromolecular docking
	2.5 Cell lines and reagents
	2.6 Cell proliferation assay
	2.7 Real-Time quantitative polymerase chain reaction (RT-qPCR)
	2.8 Xenotransplantation of tumors
	2.9 Statistical analysis

	3 Results
	3.1 Targets of triptolide and OSCC
	3.2 Core target screening of triptolide in OSCC treatment
	3.3 GO and KEGG pathway enrichment analysis
	3.4 Molecular docking
	3.5 Triptolide inhibited proliferation, migration, and expression of core target genes in OSCC
	3.6 Triptolide suppressed tumors in xenograft mouse model

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material 
	References


