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Abstract

Objective: Esophageal squamous cell carcinoma (ESCC) is a malignancy cancer. Due to the insidious
early symptoms and lack of effective screening tools, approximately 70% of patients have advanced disease
by the time they are diagnosed, and the five-year survival rate is less than 15%. Currently, problems such as
poor targeting and high toxicity and side effects still limit the use of clinical chemotherapeutic drugs.
Deoxylapachol (DEO) is an anthraquinone compound extracted from Xinjiang's speciality herb, hairy
chicory. There are few reports on the medicinal value of DEO, and its antitumour pharmacodynamic effects
and molecular mechanisms in ESCC have not been reported. Previous screening of anti-esophageal cancer
monomers in hairy chicory by network pharmacology and in vitro molecular experiments showed that DEO
significantly inhibited the growth of esophageal cancer cells. In this study, we further elucidated the
pharmacodynamic effects and mechanisms of DEO against esophageal squamous cell carcinoma in vivo and
in vitro using bioconfidence analysis, molecular docking and other techniques to provide ideas for the
screening of small molecule compounds with anti-esophageal carcinoma effects in Xinjiang's characteristic
herbal medicine, Cichorium glandulosum, and to provide basic research information and theoretical basis for
the clinical application of the Xinjiang Uyghur Cichorium glandulosum monomer, DEO.

Methods: 1. Exploring the pharmacological effects of DEO on esophageal cancer at the animal level in
vivo. F he transplantation tumour model of BALC/c nude mice was first constructed by subcutaneous
injection of human oesophageal squamous carcinoma cells KYSE-150. After successfully constructing a
transplant tumor model, nude mice were randomly divided into a Control group (Control), a model group
(Model), a low dose group (4mg/kg), a high dose group (6mg/kg), and a paclitaxel (PTX) positive Control
group (6mg/kg). The mice were continuously injected intraperitoneally for 10 days, and their weight changes
were recorded. The tumor size, weight, and volume of the tumor bearing mice were observed, and the anti-
tumor effect of DEO on ESCC was preliminarily evaluated. Observe the morphology of tumor tissue, heart,
liver, and kidney tissue using H&E staining. Ki67 expression was detected by immunohistochemistry.
Western blot was used to detect the protein expression of proliferating protein PCNA and matrix
metalloproteinases (MMP2, MMP9) in tumor tissues. 2. Exploring the effects of DEO on the proliferation,
migration, invasion, apoptosis, and cell cycle of human esophageal squamous cell carcinoma KYSE-150 and
KYSE-410 cells at the cellular level in vitro. CCK-8 method is used to detect cell viability. Plate cloning and
EdU incorporation experiments were used to detect cell proliferation ability. Scratch healing and Transwell
assay to detect cell migration ability. TUNEL staining was used to detect the level of cell apoptosis. Annexin
V-FITC/PI method were used to detect the morphology and apoptosis rate of cells. JC-1 fluorescent probe

detects mitochondrial membrane potential changes. Flow cytometry is used to detect the distribution of cell



cycle. DCFH-DA fluorescent probe detects reactive oxygen species content. Western blot was used to detect
the expression of proliferation (PCNA), migration (MMP2, MMP9), invasion (f-catenin, Vimentin),
apoptosis (Bax, Bcl-2, Cleaved Caspase-3), and cycle related proteins (Cyclin A1, CDK?2). 3. Bioinformatics
technology combined with in vitro and in vivo experiments elucidated the mechanism of action of DEO in
the treatment of esophageal squamous cell carcinoma: key differentially expressed genes and signaling
pathways of DEO in anti-esophageal cancer were screened using GEO dataset and transcriptomics, and a
core differentially expressed gene interaction network was constructed. Real time quantitative PCR was used
to detect the expression of FOXM1/MYBL2/CDCA3 mRNA, a key signaling axis, in esophageal squamous
cell carcinoma cells by DEO; Molecular docking evaluation of the binding energy between DEO and signal
axes FOXM1, MYBL2, CDCA3. Western blot experiment was used to detect the effect of DEO on the signal
axis FOXM1/MYBL2/CDCA3 and core pathway WNT/B-catenin protein in esophageal squamous cell
carcinoma cells. At the in vivo level, Western blot was used to detect the expression of key signaling axis
proteins FOXM1/MYBL2/CDCA3 in tumor tissues of tumor bearing mice by DEO. Finally, shFOXM1-
KYSE-150 and shFOXM1-KYSE-410 cell lines were constructed using lentivirus, and the expression of
FOXMI1 gene and protein in shFOXM1-KYSE-150 and shFOXM1-KYSE-410 cells was validated by qRT
PCR and Western blot. Plate cloning experiment and Transwell experiment were used to detect the
proliferation and migration ability of DEO on shFOXMI1-KYSE-150 and shFOXM1-KYSE-410. Western
blot was used to detect the effects of DEO on the proliferation (PCNA), migration (MMP2, MMP9), invasion
(B-catenin, Vimentin), key signaling axis FOXM1/MYBL2/CDCA3, and core pathway WNT/B-catenin
proteins of shFOXM1-KYSE-150 and shFOXM1-KYSE-410.

Results: 1. In vitro animal studies have shown that DEO has pharmacological effects against esophageal
cancer. Compared with the model group, the tumor volume and weight of the tumor bearing mice in the DEO
treatment group were reduced by DEO (P < 0.05). The H&E staining showed that compared with the model
group, the number of cells in the tumor tissue of the DEO treated group decreased, the number of cells with
deep staining increased, and the cell morphology became more irregular. Compared with the normal group,
DEO and PTX were no significant changes in the morphology of the heart, liver, and kidney tissues in mice
treated solely with DEO. The immunohistochemical staining results showed that compared with the model
group, DEO significantly reduced the expression of Ki67. Western blot results showed that compared with
the model group, DEO significantly inhibited tumor tissue proliferation (PCNA) and migration protein
(MMP2, MMP9) expression in the tumor bearing group (P <0.05 or P <0.01). The above results indicate that
DEO has significant anti esophageal cancer pharmacological effects. 2. In vitro experiments have shown that
DEO inhibits the proliferation, migration, and invasion of ESCC cells, induces apoptosis, and promotes S
phase arrest. The CCK-8 results showed that compared with the Control group, DEO exhibited concentration

dependent inhibition of esophageal squamous cell carcinoma cell viability (P < 0.05 or P < 0.01), with IC50



values of 29.32 uM and 41.73 pM for KYSE-150 and KYSE-410, respectively. The results of plate cloning,
EdU, and Western blot showed that compared with the Control group, DEO reduced the number of ESCC
cell colonies, and inhibited the expression of protein PCNA (P < 0.05 or P < 0.01). According to the EdU
experiment results, compared with the Control group, DEO significantly reduced the proportion of EdU
incorporation (P < 0.05 or P < 0.01). The above results indicate that DEO has a significant inhibitory effect
on the proliferation of esophageal squamous cell carcinoma cells. The scratch healing experiment, Transwell,
and Western blot results showed that compared with the Control group, DEO significantly reduced the
migration area of KYSE-150 and KYSE-410 cells, inhibited the expression of migration marker proteins
(MMP2, MMP9) and invasion marker proteins (B-catenin, Vimentin) (P <0.05 or P<0.01). The fluorescence
probe JC-1 staining results showed that, the intracellular mitochondrial membrane potential level gradually
decreased with the increase of DEO compared with the Control group (P < 0.05). The experimental results
of fluorescence probe DCFH-DA showed that the concentration of DEO increased the reactive oxygen
species content in KYSE-150 and KYSE-410 cells (P < 0.05). The results of TUNEL staining and Hoechst
33342 staining showed that compared with the normal group, the concentration dependent increase in
fluorescence expression of KYSE-150 and KYSE-410 cells was observed in the DEO group (P < 0.05 or P
< 0.01). The Annexin V-FITC/PI results showed that compared with the normal group, DEO significantly
increased the number of apoptotic KYSE-150 and KYSE-410 cells (P < 0.05 or P < 0.01). Western blot
results showed that DEO significantly upregulated the expression of pro apoptotic Bax protein and
downregulated the expression of antiapoptotic Bcl-2 and Cleaved Caspase-3 proteins (P < 0.05 or P <0.01).
The above results indicate that DEO can promote ROS increase in a concentration dependent manner, induce
a decrease in mitochondrial membrane potential levels, and promote apoptosis of esophageal squamous cell
carcinoma cells. Flow cytometry and Western blot results showed that compared with the normal group, DEO
induced a significant increase in the proportion of KYSE-150 and KYSE-410 cells in the S phase, and
significantly inhibited the expression of CyclinAl and CDK2 proteins, indicating that DEO can induce
esophageal squamous cell carcinoma cells to be blocked in the S phase (P < 0.05 or P < 0.01). 3.
Bioinformatics analysis combined with in vitro and in vivo experiments demonstrated that DEO can inhibit
the WNT/B-catenin signaling pathway by targeting the FOXM1/MYBL2/CDCA3 signaling axis, exerting
anti esophageal squamous cell carcinoma effects. GEO dataset combined with transcriptome bioinformatics
analysis, screened 18945 key-differentially expressed genes for DEO anti esophageal cancer, including 2765
upregulated genes and 1662 downregulated genes. Based on the differential fold of gene expression and the
degree of gene interaction network, FOXM1 was identified as a key gene for anti-esophageal cancer, with
FOXM1/MYBL2/CDCA as the key signaling axis. The molecular docking results showed that DEO can bind
well to FOXM1, MYBL2, and CDCA3. QRT-PCR and Western blot results showed that compared with the

Control group, DEO significantly inhibited gene mRNA and protein expression in esophageal squamous cell
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carcinoma cells. The immunohistochemical results showed that compared with the model group, DEO
significantly inhibited the expression of FOXM1/MYBL2/CDCA3 signaling axis proteins in tumor tissues
of the tumor bearing group (P < 0.05). Western blot analysis showed that DEO downregulated four proteins
expression in WNT/B-catenin pathway (P < 0.05 or P < 0.01). Lentiviral vectors were used to construct
shFOXM1-KYSE-150 and shFOXM1-KYSE-410 cell lines. qRT-PCR and Western blot analyses revealed
that DEO markedly inhibited FOXM1 gene and protein expression in both cell lines (P < 0.05 or P < 0.01).
Plate clone and Transwell assays demonstrated that DEO suppressed the proliferation of these cells and
reduced their migration (P < 0.05). Western blot analysis also indicated that DEO could suppress the
expression of proteins related to proliferation (PCNA), migration (MMP2, MMP9), invasion (B-catenin,
Vimentin), the FOXM1/MYBL2/CDCA3 signalling axis and key proteins in the WNT/B-catenin pathway in
these cells (P < 0.05 or P <0.01).

Conclusion: DEO can suppress esophageal squamous cell carcinoma proliferation, migration, and
invasion by modulating the FOXM1/MYBL2/CDCA3 axis and downregulating the WNT/B-catenin pathway.
It also reduces mitochondrial membrane potential, increases intracellular ROS, induces apoptosis, and arrests

the cell cycle in the S phase, thus exerting anti-esophageal cancer effects.
Key words: Esophageal squamous cell carcinoma; Deoxylaboquinone; Transcriptomics;
FOXM1/MYBL2/CDCA3 axis; WNT/B-catenin signaling pathway
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RHE FEX A4 LIRS
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