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Abstract

BACKGROUND

Esophageal carcinoma (EC) is one of the most prevalent cancers in human
populations worldwide. Baitouweng decoction is one of the most important
Chinese medicine formulas, with the potential to treat cancer.

AIM
To investigate the role and mechanism of Baitouweng decoction on EC cells.

METHODS

Differentially expressed genes (DEGs) in EC tissues and normal tissues were
screened by the cDNA microarray technique and by bioinformatics methods. The
target genes of microRNAs were predicted based on the TargetScan database and
verified by dual luciferase gene reporter assay. We used Baitouweng decoction to
intervene EC cells, and detected the activity of EC9706 and KYSE150 cells by the
MTT method. Cell cycle and apoptosis were measured by flow cytometry. The
expression of BUBI mRNA and miR-495-3p was measured by qRT-PCR. The
protein levels of BUB1, STAT3, p-STAT3, CCNB1, CDK1, Bax, Caspase3, and
Caspase9 were measured by Western blot analysis. The migration and invasion
abilities of the cells were measured by wound-healing assay and Transwell
invasion assay, respectively.

RESULTS

DEGs identified are involved in biological processes, signaling pathways, and
network construction, which are mainly related to mitosis. BUB1 was the key hub
gene, and it is also a target gene of miR-495-3p. Baitouweng decoction could
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upregulate miR-495-3p and inhibit BUB1 expression. In vitro experiments showed that Baitouweng decoction
significantly inhibited the migration and invasion of EC cells and induced apoptosis and G2/M phase arrest. After
treatment with Baitouweng decoction, the expression of Bax, Caspase 3, and Caspase 9 in EC cells increased
significantly, while the expression of BUB1, CCNB1, and CDK1 decreased significantly. Moreover, the STAT3
signaling pathway may play an important role in this process.

CONCLUSION

Baitouweng decoction has a significant inhibitory effect on EC cell growth. BUB1 is a potential therapeutic target
for EC. Further analysis showed that Baitouweng decoction may inhibit the growth of EC cells by upregulating
miR-495-3p targeting the BUB1-mediated STAT3 signal pathway.

Key Words: Baitouweng decoction; Esophageal cancer; miR-495-3p; BUB1; STAT3 signaling pathway

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Differentially expressed genes in esophageal carcinoma (EC) were analyzed and BUB1 was found to be a key hub
gene. BUBI is a target gene of miR-495-3p, and BUBI1 can directly interact with STAT3 to inhibit tumor cell proliferation.
We studied the effects of Baitouweng decoction on the cell cycle, apoptosis, migration, and invasion, and further invest-
igated the inhibitory effect of Baitouweng decoction on the development of EC by targeting BUB1 and STAT3 via miR-495-
3p. The potential functional pathways were explored.

Citation: Yang H, Chen XW, Song XJ, Du HY, Si FC. Baitouweng decoction suppresses growth of esophageal carcinoma cells
through miR-495-3p/BUB1/STATS3 axis. World J Gastrointest Oncol 2024; 16(7): 3193-3210

URL: https://www.wjgnet.com/1948-5204/full/v16/i7/3193.htm

DOI: https://dx.doi.org/10.4251/wjgo.v16.i7.3193

INTRODUCTION

Esophageal carcinoma (EC) is one of the most common malignant tumors of the digestive tract with a high incidence,
high degree of malignancy, and poor prognosis[1]. Currently, EC treatments include surgery, radiotherapy, che-
motherapy, targeted therapy, and the combined application of various methods[2-6]. However, owing to the emergence
of drug resistance, patient tolerance, and side effects during treatment, the total 5-year survival rate is less than 20%[7].
Therefore, novel therapeutic strategies are urgently required. Traditional Chinese medicine (TCM) has been used for
thousands of years. Many TCM monomers and compounds have proven to be effective in the treatment of EC[8,9]. TCM
has the advantages of multi-orientation, multiple targets, and multiple effects, increasing the curative effect of
radiotherapy and chemotherapy, reducing side effects, improving the quality of life of patients, and not easily producing
drug resistance[10-12]. The effects of TCM on EC have received increasing attention worldwide. However, there is still
much room for the development of TCM to improve the understanding and treatment of EC. It is necessary to conduct in-
depth research combined with literature review, data mining, epidemiological investigations, and modern clinical trial
design methods to provide a basis for the popularization and application of TCM in the treatment of EC.

Baitouweng decoction was originally recorded in the classic Chinese medicine book “Treatise on Febrile Diseases”
(Chinese name: Shang-Han Lun). This formula consists of four Chinese herbal medicines: Pulsatillae Radix, Fraxini Cortex,
Phellodendri Chinensis Cortex, and Coptidis Rhizoma. It has the effects of clearing heat, detoxifying, cooling blood, and
stopping dysentery[13]. Baitouweng decoction has good pharmacological properties, including anti-inflammatory,
antibacterial, antitumor, and immune regulatory effects[14-16]. Baitouweng decoction is an important prescription for the
treatment of gastrointestinal diseases[17,18]. We found that Baitouweng decoction inhibits the proliferation of EC cells[19,
20]. However, there is a lack of research on the mechanism of action of this prescription for EC. Thus, we aimed to
investigate the potential mechanism of Baitouweng decoction in the treatment of EC and to provide more effective
strategies and ideas for screening new therapeutic targets for EC. Budding uninhibited by benzimidazole 1 (BUB1) is a
mitotic checkpoint serine/threonine kinase, playing an important role in maintaining the correct segregation of
chromosomes and reducing aneuploidy in mitosis[21]. BUB1 has been reported to be highly expressed in a variety of
human cancers, including breast, pancreatic, gastric, and liver cancers[22-25]. BUB1 enhances NFATC2- and LHX1-
induced proliferation of bladder cancer cells mediated by signal transducer and activator of transcription 3 (STAT3)[26].
However, the detailed function and regulation of BUB1 in EC require further investigation.

MicroRNAs (miRNAs) are endogenous non-coding RNAs with regulatory functions[27]. Mutations in or abnormal
expression of miRNAs may be closely related to the occurrence and development of cancer[28,29]. miR-495-3p is located
at human 14q32.31 site and participates in the proliferation, migration, and invasion of cancer cells[30,31]. miR-495-3p

overexpression can reduce the migratory ability of EC cells and is regulated by the long noncoding RNA FAM83A-AS1
[32].

WJGO | https://www.wjgnet.com 3194 July 15,2024 | Volume16 | Issue7 |

Jaishideng®


https://www.wjgnet.com/1948-5204/full/v16/i7/3193.htm
https://dx.doi.org/10.4251/wjgo.v16.i7.3193

Yang H et al. Baitouweng decoction inhibits EC cell growth

In this study, differentially expressed genes (DEGs) in EC were analyzed, and BUB1 was found to be a key hub gene.
BUBI is a target gene of miR-495-3p and directly interacts with STAT3 to inhibit tumor cell proliferation. We investigated
the effects of Baitouweng decoction on the cell cycle, apoptosis, migration, and invasion, and further investigated its
inhibitory effect on EC development by targeting BUB1 and STAT3 via miR-495-3p. Potential functional pathways were
explored, with an aim to provide novel insights into the mechanism of action of Baitouweng decoction in the treatment of
EC.

MATERIALS AND METHODS

Experimental materials

A total of 21 cases of EC tumor tissue and adjacent normal tissue (2 cm away from the cancer tissue) were collected from
the Department of Thoracic Surgery of the First Affiliated Hospital of Henan University of Chinese Medicine. There were
16 men and 5 women with an average age of 66.23 years. All patients were pathologically diagnosed with highly or
moderately differentiated EC without preoperative radiotherapy or chemotherapy. Fresh tissues were collected
immediately after surgical resection, rinsed with cold PBS, and quickly stored in liquid nitrogen. This study was
approved by the Medical Ethics Committee of the First Affiliated Hospital of Henan University of Chinese Medicine, and
an informed consent form was signed by the patients and their families.

Gene chip technology-based genomic analysis

Genomic analyses were performed as our previous description[33]. Briefly, total RNA was extracted from EC tissues, and
RNA integrity was detected using NanoDrop 2000 (Thermo Scientific, United States) and Agilent Bioanalyzer 2100
(Agilent Technologies, United States). Double-stranded cDNA was obtained by reverse transcription of total RNA and
labeled with a cyanine-3-CTP (Cy3) fluorescent dye to obtain cRNA. After purification using the QTAGEN RNeasy® Mini
Kit (Qiagen, Germany), the labeled cRNA was placed in a warm water bath at 60 °C for 30 min, followed by an ice water
bath for 1 min. The chip was hybridized with cRNA in a hybrid furnace at 65 °C at 10 r/min for 17 h. After hybridization,
the chips were eluted. The chip was then scanned using an Agilent Scanner G2505C (Agilent Technologies) and the
original signal value of the chip was extracted to standardize the data and filter the probe. The original image was
processed using the Feature Extraction software (version 10.7.1.1, Agilent Technologies), and the original data were
obtained. GenePring software (version 12.5; Agilent Technologies) was used to standardize the original chip data. At least
one set of samples for comparison was labeled with probes that were detected for subsequent analysis. Gene chip results
were uploaded to the Gene Expression Omnibus database (serial number: GSE199967).

Bioinformatics analysis of DEGs

Bioinformatics analysis of DEGs was performed as our previous description[34]. DAVID (https:/ /david.ncifcrf.gov /)
was used to annotate the functions of the DEGs. STRING (https://string-db.org/) was used to obtain protein-protein
interaction (PPI) network. Based on the DEGs interaction data, we used MCC in the CytoHubba plugin to build a hub
gene visualization network using Cytoscape (version 3.6.1) software. We used the iRegulon plugin in the Cytoscape
(version 3.6.1) software to identify transcription factors (TFs) based on regulatory motifs and chromatin immunoprecip-
itation sequencing. For ingenuity pathway analysis (IPA; Qiagen, Redwood City, CA, United States), differentially
abundant genes were uploaded to IPA for integration analysis, including canonical pathways and molecular interaction
networks. The network score was based on a hypergeometric distribution and calculated using the Fisher’s exact test P-
value. The target genes of miRNAs were predicted using TargetScan (http://www.targetscan.org/) software.

Cell culture

The EC cell lines EC9706 and KYSE150 were obtained from the Henan Key Laboratory of TCM Syndrome and
Prescription in Signaling, Henan University of Chinese Medicine. EC9706 and KYSE150 cells were cultured in RPMI 1640
(Gibco, CA, United States) supplemented with 10% fetal bovine serum (FBS; Gibco), 100 U/mL penicillin, and 100 mg/
mL streptomycin (Sigma-Aldrich, MO, United States) at 37°C in a 5% CO, incubator.

Luciferase reporter assay

The 3'-untranslated region (UTR) sequence of BUB1 mRNA [wild type (WT) or mutant (MUT)] was amplified, cloned,
and inserted into a luciferase reporter vector. Then 3'-UTR WT and 3'-UTR MUT vectors were cotransfected with miR-
495-3p mimics into EC9706 or KYSE150 cells using Lipofectamine 3000 (Invitrogen, United States). After 48 h, the cells
were lysed, and reporter activity was determined using a Dual Luciferase Reporter Assay Kit (Promega, Madison, WI,
United States) according to the manufacturer’s instructions. The 3'-UTR WT sequence (rmiR495-3p: catttattgtttatgtaaat-
GTTTGTTAaaaataaatcccatggaatatttccatgtaac) and 3'-UTR MUT sequence (rmiR495-3p; catttattgtttatgtaaat-
CAAACAATaaaataaatcccatggaatatttccatgtaac) were designed and synthesized by Shanghai GenePharma Co., Ltd.
(Shanghai, China).

Preparation of Baitouweng decoction aqueous extract

The formulation consisted of Pulsatillae Radix (60 g), Fraxini Cortex (90 g), Phellodendri Chinensis Cortex (90 g), and Coptidis
Rhizoma (90 g). All above-mentioned herbs were acquired from the Third Affiliated Hospital of Henan University of TCM.
Briefly, all herbs were mixed and soaked for 30 min and then boiled in a casserole (1500 mL of distilled water) for 2 h.
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Subsequently, the supernatant was centrifuged at 5000 rpm for 30 min, at which point the whole procedure was repeated
twice, and the supernatants were mixed together and then evaporated to dryness.

Cell proliferation assay

Cell proliferation was determined using the MTT assay. EC9706 and KYSE150 cells (3000) were seeded in 96-well plates
and incubated with Baitouweng decoction (0, 25, 50, 100, 200, 400, and 800pg/mL) for 48 h. After the corresponding
treatment, 10 pL of MTT solution was added to each well and incubated for 4 h, and the supernatant was discarded.
Then, 150 pL of DMSO was used to detect the absorbance of each well at 570 nm with a microplate analyzer (Thermo
Fisher Scientific, United States).

Cell transfection with miRNAs and grouping

siRNA transfection was performed using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, United States) according to the
manufacturer's instructions. The study groups were as follows: Control group, NC mimics, Baitouweng, Baitouweng +
NC mimics, miR495-3p mimics group, and miR-495-3p mimics + Baitouweng. The sequences of NC mimics (sense: 5'-
UUCUCCGAACGUGUCACGUTT-3'; antisense: 5'-ACGUGACACGUUCGGAGAATT-3") and miR-495-3p mimics (sense:
AAACAAACAUGGUGCACUUCUU; antisense: GAAGUGCACCAUGUUUGUUUUU) were designed and synthesized
by Shanghai GenePharma Co., Ltd. (Shanghai, China).

Realtime quantitative PCR

Total RNA was extracted from the cell lines using TRIzol reagent (Invitrogen, United States). miRNAs were extracted
using the miRNeasy miRNA isolation kit (Qiagen, Germany) according to the manufacturer’s protocol. Complementary
DNA was synthesized using AMV reverse transcriptase (GIBCO) through reverse transcription. Relative expression
levels of target genes were normalized to the endogenous control GAPDH or U6 using the 2**T method. Primers for
ABCBI1, ECT2, RALA, CDK4, ZEB2, LOXL2, BUB1, miR-495-3p, GAPDH, and U6 were designed and synthesized by
Shanghai GenePharma Co., Ltd. (Shanghai, China; Table 1).

Western blot analysis

Proteins were extracted from EC9706 and KYSE105 cells using RIPA buffer containing 1 mmol/L PMSF. Proteins were
separated using SDS-PAGE and transferred onto PVDF membranes (Bio-Rad, Hercules, CA, United States). The
membranes were blocked with 5% skim milk for 1 h at 25 °C and then incubated with primary antibodies against BUB1
(1:1000; Abcam, Cat. No. ab195268), STAT3 (1:1000; Abcam, Cat. No. ab68153), p-STAT3 (1:5000; Abcam, Cat. No.
ab76315), CCNBI1 (1:1000; Cell Signaling Technology, Cat. No. 12231), CDK1 (1:5000; Abcam, Cat. No. ab133327), Bax
(1:1000; Abcam, Cat. No. ab133327), Caspase3 (1:5000; Abcam, Cat. No. ab32351), Caspase9 (1:1000; Abcam, Cat. No.
ab32539), and GAPDH (1:2000; Abcam, Cat. No. ab9485) at 4 °C for 12 h. Blots were then incubated with HRP-conjugated
secondary antibodies at 25 °C for 60 min. An enhanced chemiluminescence kit (Thermo Fisher Scientific, United States)
was used to visualize the blots, and the intensity of the bands was determined using the Image] software (version 1.45;
National Institutes of Health, MD, United States).

Cell cycle analysis

Cells were seeded (1 x 10° cells/well) in 100-mm dishes with 10% FBS and incubated overnight at 37 °C in a 5% CO,
incubator. EC cells were then treated under different conditions (48 h). The cells were collected, incubated in ice-cold 70%
ethanol, and fixed overnight at 4 °C. The cells were washed twice with PBS and incubated with 20 mg/mL RNase A and
200 mg/mL propidium iodide (PI) in PBS at room temperature for 30 min in the dark. Finally, a flow cytometer (BD
Biosciences, United States) was used for analysis.

Cell apoptosis analysis

To identify apoptotic cells, EC cells were treated under various conditions. After 48 h, Annexin V and PI staining were
performed using an Annexin V-fluorescein isothiocyanate Apoptosis Detection kit (Thermo Fisher Scientific, United
States). Apoptosis was detected via flow cytometry (BD Biosciences).

Wound healing assay

Wound healing assay was performed using EC9706 and KYSE150 cells. Cells were trypsinized, seeded in equal numbers
into six-well tissue culture plates, and allowed to grow until confluence (approximately 24 h). Following serum starvation
for 24 h, an artificial homogeneous wound (scratch) was created onto the cell monolayer with a sterile 100 pL tip. After
scratching, the cells were washed with serum-free medium and complete medium was added, and microscopic images
(20 x magnification) of the cells were collected at 0 and 48 h.

Cell invasion assay
The invasion assay was performed using a Transwell chamber, consisting of 8 mm membrane filter inserts coated with
Matrigel, and the cells were trypsinized and suspended in serum-free medium. Then, 2 x 10* cells were added to the
upper chamber, and the lower chamber was filled with medium containing 10% FBS. After 36 h of incubation, the cells
that had invaded the lower chamber were fixed with 4% paraformaldehyde, stained with hematoxylin, and counted
under a microscope.
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Table 1 Real-time PCR primer sequences

Gene Sequence

ABCB1 F: 5'-CTTCAGTTACCCATCTCG-3'
R: 5'- TGGTGGCAAACAATACAG-3'
ECT2 F: 5-AAGAATGATGGGCACTACCG-3'
R: 5-TACTGATGATCTGCCGAGGTC-3'
RALA F: 5'-ATCGGAAGAAGGTAGTGC-3'
R: 5-AAATCTGCTCCCTGAAGT-3'
CDK4 F: 5'-GCCCTCAAGAGTGTGAGAGTC-3'
R: 5'-CACGAACTGTGCTGATGGGA-3'
ZEB2 F: 5-GAGGCGCGCGAGAAAGG-3'
R: 5'-GCCCAGCTTCCCGTAGCC-3'
LOXL2 F: 5-GTGGATCTGGCACGACTGTCA-3'
R: 5-TTGAGCTTCAGCAGGTCATAGTGG-3'
BUB1 F: 5-GAAAGCATGAGCAATGGGTAAA-3'
R: 5'-CCACCTGATGCAACTTCTTATG-3'
miR-495-3p F: 5-GCGGAAACAAACATGGTGCA-3'
R: 5'-CAGTGCGTGTCGTGGAGT-3'
GAPDH F: 5-GGAGCGAGATCCCTCCAAAAT-3'
R: 5'-GGCTGTTGTCATACTTCTCATGG-3'
ue F: 5'-CTCGCTTCGGCAGCACA-3'

R: 5-AACGCTTCACGAATTTGCGT-3'

Statistical analysis

GraphPad Prism 8 (GraphPad Software Inc., United States) software was used for data analyses. The data of three
independent repeated experiments are expressed as the mean + SD, and the f test was used for comparisons between the
two groups. One-way analysis of variance was used for comparison among groups. All P values < 0.05 were considered
statistically significant.

RESULTS

Gene chip-based genomic analysis

Based on a database search, 19595 genes were identified. There were 1168 DEGs, of which 614 were upregulated and 554
downregulated. To exhibit the entire expression trend, R software version 3.5.0 (R Foundation for Statistical Computing,
Austria) was used to map a volcano plot (Figure 1A). To validate the reliability of the gene chip results, six genes (ABCBI,
ECT2, RALA, CDK4, ZEB2, and LOXL2) were subjected to qRT-PCR. The results showed that the six genes had similar
expression trends in the gene chip and qRT-PCR (Figure 1B). The results of the PPI network of DEGs are shown in
Figure 1C.

gGene Ontology (GO) analysis explained the proteins and important GO terms for biological processes, cellular
components, and molecular functions (Figure 2A). IPA showed that the cell cycle control of chromosomal replication,
RhoA signaling, and the kinetochore metaphase signaling pathway showed significant changes (Figure 2B). Based on the
DEGs interaction data, we used the MCC in the CytoHubba plugin to build a hub gene visualization network in the
Cytoscape software, and the results are displayed in Figure 2C. PPI network and hub gene analyses showed that BUBI,
TOP2A, KIF2C, and ASPM were key node genes. We identified controlled TFs at the beginning of the LR using the
iRegulon in Cytoscape. The key enriched TF motivation gene was HOXD13, which had a normal enrichment score of
4.085. The changes in the expression of the target genes of HOXD13 are displayed in color in Figure 2D. The binding
motif of HOXD13 is shown in Figure 2E.

Integrated analysis of differentially abundant genes was performed using the IPA software. In functional and disease
analyses, cancer, organismal injury, and abnormalities were identified at the top of the list. In the network function
analysis, “amino acid metabolism, molecular transport, organismal” (Figure 3A) were changed significantly, with a score
of 44. The “cell morphology, cellular development, cellular growth and proliferation” (Figure 3B) and “cell morphology,
cellular assembly and organization, cellular function and maintenance” (Figure 3C) networks were also regarded as key
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Figure 1 Analysis of differentially expressed genes. A: Volcanic map of differentially expressed genes (DEGs). Red, upregulated; green, downregulated;

gray, no significant difference; B: Correlation between genes detected by gene chip and gRT-PCR,; C: Protein-protein interaction network for DEGs.
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Figure 2 Enrichment analysis of differentially expressed genes. A: Distribution of changed genes in Gene Ontology analysis (P < 0.05); B: The canonical
pathway of significant change was analyzed with IPA software. Yellow, upward; blue, down; C: Using Cytoscape to describe the hub gene network. The darker the
node, the higher the score; D: Target genes of BUB1 predicted using iRegulon in Cytoscape. The nodes in red and green indicate upregulated and downregulated
proteins; E: Binding motif of BUB1.

enriched networks as per the transformed products, with scores of 42 and 41, respectively.

Cell proliferation assay

The aqueous extract of Baitouweng decoction was diluted to six concentrations using the concentration ratio dilution
method. With increasing concentrations, the inhibitory effect on the proliferation of EC9706 and KYSE150 cells increased
(Figure 4A). The half-maximal inhibitory concentration (IC,) of Baitouweng decoction was calculated using the standard
curve. The IC,, values for EC9706 and KYSE150 cells were 242.8 pg/mL and 164.3 pg/mL, respectively, after 48 h of drug
treatment. After the cells were treated with IC;; concentrations for 12, 24, 36, 48, and 60 h, the inhibitory effects of the
drugs on cell proliferation were calculated. The results indicated that the duration of action and the inhibition rate
increased (Figure 4B). The inhibitory effect of Baitouweng decoction on the proliferation of EC cells was dose- and time-
dependent.

Bub1 is the target gene of miR-495-3p

The results of prediction based on the TargetScan database showed that mi-495-3p has a specific binding site in the BUB1
mRNA 3'-UTR (Figure 5A), indicating that it is possible for mi-495-3p to target and regulate BUB1. To verify the
prediction, we constructed luciferase reporter genes of wild-type and mutant BUB1-3'-UTR. The results showed that the
dual luciferase activity in the BUB1-3'-UTR-WT + miR-495-3p group was significantly lower than that in the BUB1-3'-
UTR-WT + NC group. There was no significant difference in double luciferase activity between the BUB1-3'-UTR-MUT +
miR-495-3p and the BUB1-3'-UTR-MUT + NC groups (Figure 5B and C). It was confirmed that BUB1 is a target gene of
miR-495-3p.

Baitouweng decoction inhibits BUB1 expression
qRT-PCR analysis showed that Baitouweng decoction significantly downregulated BUBI mRNA levels in the EC cell lines
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Figure 4 Baitouweng decoction inhibits proliferation of esophageal cancer cells in a dose- and time-dependent manner. A: Dose-effect
relationship of Baitouweng decoction on esophageal cancer cells; B: Time-effect relationship of Baitouweng decoction on esophageal cancer cells.

EC9706 and KYSE150 (Figure 6A). Western blot analysis showed that Baitouweng decoction significantly inhibited BUB1
protein expression (Figure 6B). Baitouweng decoction or miR495-3p mimics significantly upregulated the expression of
miR-495-3p in EC9706 and KYSE150 cells (Figure 6C).

Effect of Baitouweng decoction on cell cycle and apoptosis
Cell cycle analysis showed that after treatment with Baitouweng decoction, both EC9706 (Figure 7A) and KYSE150
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(Figure 7B) cells showed obvious cell arrest in the G2/M phase. Baitouweng decoction induced apoptosis in EC9706 and
KYSE150 cells (Figure 7C and D).

Baitouweng decoction inhibits EC cell migration and invasion

To investigate the biological significance of Baitouweng decoction in EC, we examined its effects on the migration and
invasion of EC cells. Wound healing assay showed that Baitouweng decoction or miR-495-3p mimics significantly
reduced the number of migrating EC9706 and KYSE150 cells (Figure 8A and B). Transwell assay with Matrigel showed
that Baitouweng decoction led to a significant decrease in the invasive potential of EC9706 and KYSE150 cells (Figure 8C
and D). In summary, Baitouweng decoction inhibited EC migration and invasion.

Protein expression of STAT3, p-STAT3, CCNB1 CDK1, Bax, Caspase3, and Caspase9 in different groups

To further explore the effect of Baitouweng decoction on EC cells, we analyzed the expression levels of several key
proteins following the treatment of EC9706 and KYSE150 cells with Baitouweng decoction for 48 h. We found that the
expression levels of apoptosis-related proteins (Bax, Caspase 3, and Caspase 9) in the Baitouweng decoction and miR-495-
3p mimics groups were upregulated. Western blot analysis was then performed to examine the expression levels of key
cell cycle regulators (G2/M), including CCNB1 and CDK1. The formation of the CCNB1/CDK1 complex is essential for
the G2/M transition. Baitouweng decoction and miR-495-3p mimics significantly downregulated the expression of the p-
STATS3 protein, but the total protein expression of STAT3 showed no significant change (Figure 9).

DISCUSSION

In our study, 1168 DEGs were identified, of which 614 were upregulated and 554 downregulated. GO enrichment
analysis revealed that most proteins are related to DNA replication, cell-cell adhesion, and cell division. Canonical
pathway analysis based on the DEGs showed that most of these genes are involved in cell cycle regulation of
chromosomal replication, RhoA signaling, kinetochore metaphase signaling pathway, and Go12/13 signaling. Genomic
analysis using the IPA network showed that variations in DEGs are related to “cell morphology, development, growth,
and proliferation”. These biological processes, signaling pathways, and networks are primarily related to mitosis. These
results are consistent with previous studies[35].

PPI and hub gene analyses showed that BUB1, TOP2A, KIF2C, ASPM, and CENPF were key node genes, with BUB1
having the highest score. They are also involved in cell-cycle regulation. Cell division occurs during the cell cycle.
However, the loss of control over cell division leads to endless growth and proliferation of cells, eventually becoming a
cancer marker[36]. Base excision repair is a key pathway in genome maintenance and has a tumor-inhibiting effect. BUB1
is a spindle-checkpoint protein[37]. It is essential for spindle assembly checkpoint signaling and correct chromosomal
alignment. It plays a key role in the assembly of checkpoint proteins at the kinetochore and is required for the subsequent
localization of CENPF, BUB1B, CENPE, and MAD2L1[38]. The BUB1-BUB3 complex plays a role in the inhibition of
APC/C when the spindle assembly checkpoint is activated and inhibits the ubiquitin ligase activity of APC/C by
phosphorylating its activator CDC20. This complex also phosphorylates MAD1L1. Kinase activity is essential for the
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Figure 7 Effect of Baitouweng decoction on the cell cycle and apoptosis of esophageal cancer cells. A and B: Baitouweng decoction induces
G2/M phase arrest in EC9706 and KYSE150 cells; C and D: Baitouweng decoction increases the apoptosis of EC9706 and KYSE150 cells. P < 0.05, °P < 0.01
compared with normal control.

inhibition of APC/CCDC20 and chromosome alignment, but does not play a major role in spindle assembly checkpoint
activity[39]. BUB1 mediates cell death and inhibits spontaneous tumorigenesis, which may play a role in the DNA
damage response, and the mutation of this gene is related to aneuploidy[40]. In our study, Baitouweng decoction
inhibited the expression of BUB1. Low BUBI expression inhibits the proliferation, invasion, and migration of tumor cells,
decreases cell viability, and increases cell apoptosis[41,42]. The expression level of BUB1 may be related to the occurrence,
development, and lymph node metastasis of esophageal squamous cell carcinoma[43]. However, its mechanism of action
requires further investigation.

TCM prescriptions play an essential role in the treatment of tumors. Over the past 20 years, our team has found that
Qigesan, Tongyou, Xiaoxianxiong, and Shashenmaidong decoctions inhibit esophageal cancer cell proliferation and
tumor growth. We continued to explore the treatment of esophageal cancer. Searching the literature, it was found that
Baitouweng decoction is mostly used in the treatment of colitis[44-47]. The main pathogeneses of EC are deficiency,
stagnation, phlegm, and fire. During the pathological evolution of EC, depressed qi transforms into fire, phlegm, and
blood stasis. At this time, there also can be evil heat and poison. It has some similarities with Baitouweng decoction in
treating damp-heat and stasis-toxin. The treatment of EC with Baitouweng decoction can be classified into the category of
the same treatment for different diseases in TCM. The application of Baitouweng decoction in the prevention and
treatment of EC has a theoretical basis. In this study, Baitouweng inhibited EC cell activity in a time- and dose-dependent
manner.

Increasing evidence has shown that miRNAs are important regulators of various cellular processes. In recent years, it
has been widely studied in the occurrence and development of EC[48-51]. In this study, we used the Target Scan database
to predict that mi-495-3p has a specific binding site in BUB1 mRNA 3'-UTR. Furthermore, using dual-luciferase reporter
assay, we confirmed that BUB1 is a target gene of miR-495-3p. miR-495 is a noncoding RNA located at 14q32.31 site on
the human chromosome. It has been reported that miR-495-3p has anticancer effects in various cancers[52-54]. Our
analysis showed that Baitouweng decoction and overexpression of miR-495-3p significantly downregulated the mRNA
and protein expression levels of BUB1, whereas Baitouweng decoction upregulated the expression level of miR-495-3p.
Induction of apoptosis in cancer cells is a key therapeutic strategy for cancer treatment. In this study, we found that
Baitouweng decoction and miR-495-3p significantly induced apoptosis of esophageal cancer cells. Bax, Caspase 3, and
Caspase 9 were upregulated by Baitouweng decoction, which induced EC cell apoptosis. These results suggest that
Baitouweng decoction may induce apoptosis by upregulating the expression of miR-495-3p. The cell cycle is a complex
process. We found that Batouweng decoction induced G2/M phase arrest. BUB1, CCNB1, and CDK1 play important roles
during the G2/M transition and M phase. BUB1 promotes cancer cell proliferation by promoting G2/M transition in the
cell cycle[55]. Decreased CCNB1/CDK1 expression leads to G2/M arrest[56]. In our study, the downregulated expression
of BUB1, CCNB1, and CDK1 reduced the transformation of cells from the G2/M to M phase, which is consistent with the
results of previous studies[57,58].

STAT3 is a signal transducer and activator of transcription. STAT3 is abnormally activated in many types of malignant
tumors and is involved in the biological processes of cancer cell proliferation, apoptosis, and invasion[59,60]. High p-
STAT3 expression is an important factor in the malignant phenotype of EC. Inhibition of the STAT3 signaling pathway
can significantly inhibit the malignant phenotype of EC[61]. Curcumin exerts its anti-tumor action by inhibiting the
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Figure 8 Effect of Baitouweng decoction on migration and invasion of esophageal cancer cells. A and B: Baitouweng decoction reduces the
migration activity of both EC9706 and KYSE150 cells; C and D: Baitouweng decoction reduce the invasion activity of both EC9706 and KYSE150 cells. 1: Normal
control; 2: NC mimics; 3: miR-495-3p mimics; 4: Baitouweng decoction; 5: NC mimics + Baitouweng decoction; 6: miR-495-3p mimics + Baitouweng decoction.

STATS3 signaling pathway, and the STAT3 pathway appears to be an effective target for EC. We identified the
transcription factor STAT3 as a new BUBI substrate and verified that BUB1 directly regulates transcription. Thus, BUB1 is
essential for STAT3 phosphorylation[62]. We found that Baitouweng decoction or miR-495-3p mimics decreased the
expression of p-STAT3 in EC9706 and KYSE150 cells but did not decrease the expression level of total STAT3. Baitouweng
decoction effectively inhibited STAT3 phosphorylation and STAT3-mediated transactivation in EC cells by downregu-
lating BUB1. STAT3 is phosphorylated in ovarian, cervical, and endometrial cancers[63-65]. Currently, targeted tumor
therapy can be achieved by directly or indirectly blocking STAT3[66,67]. STAT3 blocking therapy may be a new direction
for tumor therapy.

CONCLUSION

In summary, we analyzed DEGs in esophageal cancer using bioinformatics and found that these gene changes were
related to mitosis. We also found that miR-495-3p directly targeted BUB1 and inhibited BUB1 expression. Baitouweng
decoction inhibited the activity of esophageal cancer cells. We also explored the mechanism of action of Baitouweng
decoction in EC cells. The results showed that Baitouweng decoction inhibited the proliferation, migration, and invasion
of EC cells, interfered with the cell cycle of esophageal cancer cells, and induced apoptosis. Baitouweng decoction inhibits
the growth of esophageal cancer cells probably through miR-495-3p targeting the BUB1-mediated STAT3 signaling
pathway. Therefore, this information may aid in the development of novel EC treatments.
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