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摘要 

目的：食管鳞状细胞癌（ESCC）是全球范围内预后极差的恶性肿瘤，因早期症状隐匿且缺乏有

效筛查手段，约 70%患者确诊时已进展至晚期，患者五年生存率不足 15%。当前食管癌的临床治疗

取得一定进展，但仍存在靶向性弱、毒副作用大等问题，导致临床化疗药物的应用受限。去氧拉巴

醌（Deoxylapachol，DEO）是新疆特色中草药毛菊苣中的蒽醌类化合物。目前关于 DEO 的药用价值

报道较少，其对 ESCC 抗肿瘤药效作用及分子机制尚未见报道。前期通过网络药理学及体外分子实

验筛选毛菊苣中抗食管癌单体，发现 DEO 能显著抑制食管癌细胞生长。本研究继续通过生信分析、

分子对接等技术，从体内及体外层面阐明 DEO 抗食管鳞癌的药效作用及机制，为从新疆特色植物药

毛菊苣中筛选抗食管癌作用的小分子化合物提供思路，也为新疆维药毛菊苣单体 DEO 的临床应用提

供基础研究资料及理论依据。 

方法：1. 体内动物层面探究 DEO 抗食管癌的药效作用。首先通过皮下注射人食管鳞癌细胞

KYSE-150 构建 BALB/c 裸鼠移植瘤模型。在成功构建移植瘤模型后，将裸鼠随机分为对照组

（Control）、模型组（Model）、DEO-低剂量组（4mg/kg）、DEO-高剂量组（6mg/kg）和紫杉醇（PTX）

阳性对照组（6mg/kg），连续腹腔注射给药 10 天，记录小鼠体重变化，观察荷瘤小鼠肿瘤大小、测

量瘤体重量及体积，初步评估 DEO 对食管鳞癌的抑瘤作用。H&E 染色观察肿瘤组织、心脏、肝脏、

肾脏组织形态。免疫组化检测 Ki67 表达；Western blot 检测肿瘤组织中增殖蛋白 PCNA、基质金属蛋

白酶（MMP2、MMP9）蛋白表达。2. 体外细胞层面探究 DEO 对人食管鳞癌 KYSE-150 和 KYSE-410

细胞增殖、迁移、侵袭、凋亡、周期的影响。CCK-8 法检测细胞活力。平板克隆、EdU 掺入实验检

测细胞增殖能力；划痕愈合及 Transwell 实验检测细胞迁移能力；TUNEL 染色检测细胞凋亡水平。

荧光探针 JC-1 检测线粒体膜电位变化；Hoechst 33342 染色和 Annexin V-FITC/PI 法检测细胞凋亡形

态及凋亡率。DCFH-DA 荧光探针检测活性氧含量；流式细胞术检测细胞周期分布情况；Western blot

检测增殖（PCNA）、迁移（MMP2，MMP9）、侵袭（β-catenin，Vimentin）、凋亡（Bax，Bcl-2，Cleaved 

Caspase-3）、周期相关蛋白（Cyclin A1，CDK2）表达。3. 生物信息学技术联合体内外实验阐明 DEO

治疗食管鳞癌作用机制：通过 GEO 数据集与转录组学筛选 DEO 抗食管癌的关键差异基因及信号通

路，构建核心差异基因互作网络，分析差异基因 GO 富集分析及 KEGG 通路富集分析；实时荧光定

量 PCR（Quantitative Real-time PCR）检测 DEO 对食管鳞癌细胞关键信号轴 FOXM1/MYBL2/CDCA3 

mRNA 表达；分子对接评估 DEO 与信号轴 FOXM1、MYBL2、CDCA3 结合能；Western blot 实验检

测 DEO 对食管鳞癌细胞信号轴 FOXM1/MYBL2/CDCA3 及核心通路 WNT/β-catenin 蛋白影响。体内

层面，Western blot 检测 DEO 对荷瘤小鼠肿瘤组织 FOXM1/MYBL2/CDCA3 关键信号轴蛋白表达；

最后利用慢病毒构建 shFOXM1-KYSE-150 及 shFOXM1-KYSE-410 细胞系，并通过 qRT-PCR 和

Western blot 验证 shFOXM1-KYSE-150 及 shFOXM1-KYSE-410 细胞中 FOXM1 基因及蛋白表达水
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平。平板克隆实验和 Transwell 实验检测 DEO 对 shFOXM1-KYSE-150 及 shFOXM1-KYSE-410 增殖

及迁移能力；Western blot 检测 DEO 对 shFOXM1-KYSE-150 及 shFOXM1-KYSE-410 增殖（PCNA）、

迁移（MMP2，MMP9）、侵袭（β-catenin，Vimentin）、关键信号轴 FOXM1/MYBL2/CDCA3 及核心

通路 WNT/β-catenin 蛋白影响。 

结果：1. 体外动物层面证明 DEO 具有抗食管癌的药效作用。与模型组相比，DEO 治疗组的荷

瘤小鼠肿瘤体积明显减小，瘤体重量明显减轻（P < 0.05）。H&E 染色结果显示，与 Model 组比，DEO

给药组的肿瘤组织中固缩深染细胞增多，细胞形态更加不规则。与正常组相比，DEO 单纯给药组对

裸鼠的心脏、肝脏、肾脏组织形态无明显变化。免疫组织化学染色结果显示，与模型组相比，DEO

显著降低增殖相关标志物 Ki67 蛋白表达。Western blot 结果显示，与模型组相比，DEO 明显抑制荷

瘤小鼠肿瘤组织增殖（PCNA）及迁移蛋白（MMP2、MMP9）表达（P < 0.05 或 P < 0.01）。以上结

果说明 DEO 具有显著的抗食管癌药效作用。2. 体外层面实验证明 DEO 抑制食管鳞癌细胞增殖、迁

移侵袭能力，诱导凋亡，并促进 S 期阻滞。CCK-8 结果显示，与对照组相比，DEO 呈浓度依赖性抑

制食管鳞癌细胞活力（P < 0.05 或 P < 0.01），KYSE-150、KYSE-410 的 IC50 分别 29.32 μM、41.73 

μM。平板克隆、EdU 及 Western blot 结果表明，与对照组相比，DEO 减少食管鳞癌细胞集落数及集

落面积，抑制蛋白 PCNA 表达（P < 0.05 或 P < 0.01）。根据 EdU 实验结果，DEO 显著减少 EdU 掺

入比例（P < 0.05 或 P < 0.01）。以上结果说明 DEO 对食管鳞癌细胞增殖有显著抑制作用。划痕愈合

实验、Transwell、Western blot 结果表明，DEO 显著减少 KYSE-150 和 KYSE-410 细胞迁移面积，抑

制迁移标志蛋白（MMP2、MMP9）及侵袭标志蛋白（β-catenin、Vimentin）表达（P < 0.05 或 P < 

0.01）。荧光探针 JC-1 染色实验结果显示，与对照组相比，随着 DEO 浓度增加，细胞内线粒体膜电

位水平逐渐下降（P < 0.05 或 P< 0.01）。荧光探针 DCFH-DA 实验结果显示，DEO 浓度依赖性增加

KYSE-150 和 KYSE-410 细胞活性氧含量（P < 0.05 或 P < 0.01）。TUNEL 染色结果显示，与正常组

相比，DEO 浓度依赖性增加 KYSE-150 和 KYSE-410 细胞荧光表达量（P < 0.05 或 P< 0.01）。Annexin 

V-FITC/PI 结果显示，与正常组相比，DEO 显著增加 KYSE-150 和 KYSE-410 细胞凋亡数量（P < 0.05

或 P < 0.01）。Western blot 结果表明 DEO 明显上调促凋亡 Bax 蛋白表达，下调抗凋亡 Bcl-2，Cleaved 

Caspase-3 蛋白表达（P < 0.05 或 P < 0.01）。以上结果说明 DEO 能浓度依赖性促进 ROS 增加，诱导

线粒体膜电位水平下降，促进食管鳞癌细胞凋亡。流式细胞术及 Western blot 结果显示，与正常组相

比，DEO 诱导 KYSE-150 和 KYSE-410 细胞 S 期占比增多，显著抑制 CyclinA1、CDK2 蛋白表达，

说明 DEO 能诱导食管鳞癌细胞阻滞在 S 期（P < 0.05 或 P < 0.01）。3. 生信分析联合体内外实验阐

明 DEO 能通过调控 FOXM1/MYBL2/CDCA3 信号轴抑制 WNT/β-catenin 信号通路，发挥抗食管鳞癌

作用。GEO 数据集结合转录组生信分析，筛选 DEO 抗食管癌的关键差异基因 18945 个，其中上调

2765 个基因，下调 1662 个基因。根据基因表达差异倍数及基因互作网络 degree 值，确定 FOXM1 为

抗食管癌的关键基因，FOXM1/MYBL2/CDCA 为关键信号轴。分子对接结果显示，DEO 与 FOXM1、

MYBL2、CDCA3 结合能良好。qRT-PCR 及 Western blot 结果显示，DEO 显著抑制食管鳞癌细胞基

因 mRNA 及蛋白表达。免疫组织化学结果显示，与模型组相比，DEO 明显抑制荷瘤小鼠肿瘤组织
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FOXM1/MYBL2/CDCA3 信号轴核心蛋白表达（P < 0.05）。Western blot 验证 DEO 可以显著下调

WNT/β-catenin 通路相关蛋白表达（P < 0.05 或 P < 0.01）。慢病毒构建 shFOXM1-KYSE-150 及

shFOXM1-KYSE-410 细胞系，qRT-PCR 和 Western blot 结果，DEO 显著抑制 shFOXM1-KYSE-150 及

shFOXM1-KYSE-410 细胞内 FOXM1 基因及蛋白表达（P < 0.01）。平板克隆实验和 Transwell 实验检

测结果显示，DEO 抑制 shFOXM1-KYSE-150 及 shFOXM1-KYSE-410 细胞增殖能力，减少迁移面积

（P < 0.05）。Western blot 检测结果发现，DEO 可以抑制 shFOXM1-KYSE-150 及 shFOXM1-KYSE-

410 内增殖（ PCNA ）、迁移（ MMP2 ， MMP9 ）、侵袭（ β-catenin ， Vimentin ）、信号轴

FOXM1/MYBL2/CDCA3 及信号通路 WNT/β-catenin 关键蛋白的表达（P < 0.05 或 P < 0.01）。 

结论：DEO 能通过调控 FOXM1/MYBL2/CDCA3 信号轴，下调 WNT/β-catenin 信号通路，抑制

食管鳞癌增殖、迁移、侵袭能力，降低线粒体膜电位并增加细胞内 ROS 含量，诱导凋亡，阻滞食管

癌细胞周期至 S 期，进而发挥抗食管癌的作用。 

关键词：食管鳞癌；去氧拉巴醌；转录组学；FOXM1/MYBL2/CDCA3 轴；WNT/β-catenin 信号

通路  
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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 
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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 (β-catenin, Vimentin), 

apoptosis (Bax, Bcl-2, Cleaved Caspase-3), and cycle related proteins (Cyclin A1, CDK2). 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/β-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 

FOXM1 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 shFOXM1-KYSE-150 and shFOXM1-KYSE-410. Western 

blot was used to detect the effects of DEO on the proliferation (PCNA), migration (MMP2, MMP9), invasion 

(β-catenin, Vimentin), key signaling axis FOXM1/MYBL2/CDCA3, and core pathway WNT/β-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 
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values of 29.32 μM and 41.73 μM 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 (β-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 CyclinA1 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/β-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/β-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 (β-catenin, 

Vimentin), the FOXM1/MYBL2/CDCA3 signalling axis and key proteins in the WNT/β-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/β-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/β-catenin signaling pathway 
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