[bookmark: OLE_LINK262][bookmark: OLE_LINK263][bookmark: OLE_LINK191][bookmark: OLE_LINK192][bookmark: OLE_LINK484][bookmark: OLE_LINK356][bookmark: OLE_LINK372][bookmark: OLE_LINK214][bookmark: OLE_LINK552][bookmark: OLE_LINK553][bookmark: OLE_LINK707][bookmark: OLE_LINK708][bookmark: OLE_LINK709][bookmark: OLE_LINK737][bookmark: OLE_LINK840][bookmark: OLE_LINK866][bookmark: OLE_LINK887][bookmark: OLE_LINK923][bookmark: OLE_LINK970][bookmark: OLE_LINK987][bookmark: OLE_LINK1024][bookmark: OLE_LINK246][bookmark: OLE_LINK636][bookmark: OLE_LINK654][bookmark: OLE_LINK849][bookmark: OLE_LINK939][bookmark: OLE_LINK1000][bookmark: OLE_LINK1039][bookmark: OLE_LINK1050][bookmark: OLE_LINK1071][bookmark: OLE_LINK255][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack][bookmark: OLE_LINK718][bookmark: OLE_LINK719]Name of Journal: World Journal of Gastroenterology
[bookmark: OLE_LINK485][bookmark: OLE_LINK486][bookmark: OLE_LINK661][bookmark: OLE_LINK768][bookmark: OLE_LINK499][bookmark: OLE_LINK437][bookmark: OLE_LINK514][bookmark: OLE_LINK515][bookmark: OLE_LINK13][bookmark: OLE_LINK351][bookmark: OLE_LINK425]Manuscript NO: 47755
[bookmark: OLE_LINK995][bookmark: OLE_LINK996]Manuscript Type: ORIGINAL ARTICLE

Basic Study
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Brucea javanica oil emulsion improves the effect of radiotherapy on esophageal cancer cells by inhibiting cyclin D1-CDK4/6 axis

[bookmark: OLE_LINK217][bookmark: OLE_LINK266][bookmark: OLE_LINK493]Qiu ZH et al. BJOE inhibit esophageal cancer cells

Zhong-Hua Qiu, Wei-Wei Zhang, Hong-Hua Zhang, Gui-Hua Jiao

Zhong-Hua Qiu, Wei-Wei Zhang, Gui-Hua Jiao, Department of Interventional Therapy, Affiliated Hospital of Jining Medical CollegeUniversity, Jining, 272000, Shandong Province, China

Hong-Hua Zhang, Department of Neurology, Liangshan County People's Hospital, Jining, 272600, Shandong Province, China

ORCID number: Zhong-Hua Qiu (0000-0002-3270-8113); Wei-Wei Zhang (0000-0001-7200-034X); Hong-Hua Zhang (0000-0002-1528-825X); Gui-Hua Jiao (0000-0002-3120-4458).

Author contributions: Qiu ZH and Jiao GH designed the research; Qiu ZH and Zhang WW performed the research; Zhang HH analyzed the data; Qiu ZH wrote the paper.

Institutional review board statement: This study was reviewed and approved by the Institutional Review Board of Affiliated Hospital of Jining Medical CollegeUniversity.

Conflict-of-interest statement: The authors declare no conflict of interest.

Data sharing statement: No additional data are available.

ARRIVE guidelines statement: The authors have read the ARRIVE guidelines, and the manuscript was prepared and revised according to the ARRIVE guidelines.

[bookmark: OLE_LINK479][bookmark: OLE_LINK496][bookmark: OLE_LINK506][bookmark: OLE_LINK507]Open-Access: This article is an open-access article which that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Corresponding author: Gui-Hua Jiao, MSc, Chief Nurse, Department of Interventional Therapy, Affiliated Hospital of Jining Medical CollegeUniversity, Jining 272000, Shandong Province, China. zhqiu123@163.com
Telephone: +86-18853715571
Fax: +86-537-2903918

Received: March 23, 2019
Peer-review started: March 25, 2019
First decision: April 8, 2019
Revised: April 12, 2019
Accepted: May 8, 2019
Article in press:
Published online:

1

Abstract
BACKGROUND
Esophageal cancer is one of the most common cancers around the world, which and it has high incidence and mortality rates. The conventional therapy for esophageal cancer is radiotherapy, although its effect was is highly limited by the resistance of esophageal cancer cells. Thus, strong radiosensitizers can be very crucial during radiotherapy against esophageal cancer. Brucea javanica oil emulsion (BJOE) is a widely used drug against various cancers, such as liver, colon, and ovarian cancer. However, its anti-cancer effect and mechanism and the use ofing BJOE as a radiosensitizer have not been explored in esophageal cancer. 

AIM
To evaluate the anti-cancer effect and mechanism of BJOE and explore the potential using asuse of BJOE as a radiosensitizer during radiotherapy.

METHODS
The inhibitory effect of BJOE and its enhancement function with radiation on cell viability was were examined with the calculated half-maximal effective concentration EC50 and half-maximal lethal concentrationLC50. The influence of BJOE on the abilities of cell migration and invasion were measured with EC109 and JAR cells by wound-healing and transwell assay. The cClonogenesis ability and the apoptotic rate, which was measured by Hoechst staining, were investigated to confirm its enhancement function with radiation. To investigate the molecular pathway behindunderlying the effect of BJOE, theseveral expressionss of several apoptosis- and cycle-related proteins were was detected by western blotting.

RESULTS
Our results demonstrated that BJOE was more significantly to inhibited the growth of esophageal cancer cell lines more than that of normal cell lines, and it markedly reduced migration and invasion inthe ability of esophageal cancer cells (EC109 and JAR) in migration and invasion. Moreover, it can promoted cell apoptosis and enhanced the effect of radiotherapy against esophageal cancerous cells during radiotherapy. In the viability test, the values of half-maximal effective concentrationEC50 and half-maximal lethal concentrationLC50 were all reduced. And cCompared to the control, only around 1/5 colonies formed when using BJOE and radiation together in the clonogenic assay. The apoptotic rate in EC109 was obviously promoted as well when adding BJOE was added during radiotherapy. It was suggested in oOur study suggests that the expressions of the apoptosis-proteins, Bax and p21, were increased, while the expressions of Bcl-2 wasremains stable. By fFurther detection ofdetecting downstream proteins revealed, it was shown  that the expressions of cyclin D1 and cyclin-dependent kinase 4CDK4/6 were significantly decreased. 

CONCLUSION
The BJOE has a strong anti-cancer effect on esophageal cancer and can be used as a radiosensitizer to promote the apoptosis in cancerous esophageal cells via the cyclin D1-cyclin-dependent kinase 4CDK4/6 axis.
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Core tip: Brucea javanica oil emulsion (BJOE) is a widely used drug against various cancers. However, its anti-cancer effect and the potential as a radiosensitizer have not been explored in esophageal cancer. In this study, BJOE showed a reliablye inhibitedory effect on growth, migration, and invasion of esophageal cancerous cells. And iIt was demonstrated that the BJOE could be used as a radiosensitizer to promote the apoptosis in esophageal cancerous cells via the cyclin D1-cyclin-dependent kinaseCDK4 4/6 axis.
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INTRODUCTION
Esophageal cancer is the eighth most frequent cancer worldwide and the sixth most common cause of death from cancer. It affects more than 450000 people all over the world and itswith an increased incidence is increasing[1,2]. China is one of the most severely affected areas and, which has the highest morbidity and mortality in 2015[3]. In China, the esophageal squamous cell carcinoma (ESCC), accountsing for more than 90% percent of the total cases of esophageal cancer[4]. Surgical treatment is a common clinical therapy for esophageal cancer. The pPostoperative radiotherapy also is an important treatment in for reducing the risk of relapse of ESCC[5]. However, the 5-year overall survival rate still was is low, it only 20%-30%[6]. Therefore, it isbecomes an urgent to identify a task for clinical treatment that is anlooks for a effective radiosensitizer with a strong effect on inhibiting the relapse and proliferation of cancer cells.
The mechanism of radiotherapy against cancerous cells is the induction of cell apoptosis[7-9]. Bcl-2 and Bax are apoptosis-related proteins. Bcl-2 is an inhibitorion of apoptosis[10], and  Bax is a pro-apoptotic factor[11]. The PA previous study has shown that the low expression of Bcl-2 and the high expression of Bax are related to stronger sensitivity to radiotherapy[12].
The cell cycle is closely related to apoptosis. Cyclin-dependent kinase (CDK), cyclin, and CKI (CDK inhibitor) are the important factors that regulate the cell cycle. The Cyclin D1 and CDK4/6 are primary mitogens in the G1 phase that is involved in cell division[13]. It has been reported that downregulating the expression of CDK4/6 and Cyclin D1 led to the block of G0/G1 transition, which causes cancerous cell apoptosis and suppression of the migration[14,15]. And iInhibition of CDK4/6 is resistant to cancerous cells by increasing apoptosis[16,17]. Inhibition of CDK4/6 also can induce the degradation of cyclin D1[18] and then enhance the sensitivity of cancer cells to radiotherapy[19,20]. On the contrary, the overexpression of Cyclin D1 would drives tumor cell proliferation[21]. P21 belongs to CKI, which is an inhibitor of CDK4/6. The overexpression of p21 can sensitize cancerous cells to apoptosis[22]. The expression of p21 is positively related to the decreased proliferation in cancerous cells[23].
Brucea javanica (L.) Merr. (Simaroubaceae) is an evergreen shrub and is widely distributed in Southeast Asia and northern Australia widely. Brucea javanica oil emulsion (BJOE) is the fatty oil that is extracted from the desiccative ripe fruit of B. javanica. It possesses various kinds of biological activities, such as anti-fungal, anti-oxidative, anti-inflammatory, and anti-cancer[24-27]. Recent studies have found that BJOE could inhibit cell proliferation and induce cell apoptosis in various malignancies, such as liver, colon, and ovarian cancers. However, its function and mechanism in esophageal cancer was still little known[28-31].
In this study, we investigated the effect of BJOE on viability, migration, and invasion of esophageal carcinoma cells. The effect of BJOE combined with radiotherapy on esophageal carcinoma cells was evaluated as well. To investigate its mechanism in esophageal cancer, the expressions of apoptosis-related proteins (Bcl-2 and Bax) and cycle-related proteins (p21, cyclin D1 and CDK4/6) waswere examined, and it waswhich demonstrated that BJOE, as a radiosensitizer, BJOE inhibiteds esophageal cancer cells via the cyclin D1-CDK4/6 pathway.
[bookmark: OLE_LINK238][bookmark: OLE_LINK239]
MATERIALS AND METHODS
Cell lines and cell culture
Esophagus cancer cell lines were used in the experiments. EC109, JAR, TE-1, and TE-10 cells were obtained from the China Center for Type Culture Collection (Wuhan, China). HEEC was purchased from BeNa culture Collection (BNCC337729, Beijing, China). EC109,  ，JAR, TE-1, and TE-10 cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Gibco, Waltham, MA, United StatesA), while HEEC cell was cultured in CM1-1 medium with 90% DMEM-H and 10% fetal bovine serumFBS (Biological Industries, Cromwell, CT, United States). All cells were placed in the a 37 °C ℃ incubator with 5% CO2.

Cell viability assay 
Different amount of BJOE (purity = 10%, Pharmaceutical factory of Shenyang Medical University, Shenyang, China) was treated on EC109, JAR, TE-1, TE-10, and HEEC cells were treated with different amounts of BJOE (purity = 10%, Pharmaceutical factory of Shenyang Medical University, Shenyang, China) to detect the cell viability by ATPlite assay (Perkin Elmer, Waltham, MA, United States) according to the manufacturer’s instructionsmanual.

Wound-healing migration and tTranswell invasion assay
Wound-healing migration and tTranswell invasion assay were both carried out on EC109 and JAR cells. With 8 μg/mL of BJOE treatment, the cells were wounded by using a 10 μL pipette tip. After 24 h, the cells that grew in the wounded area were calculated in the wound-healing migration assay. UsingWith the same amount of BJOE treatment, transwell invasion assay was also carried out after 48 h withby using  an optical microscope.

Clonogenic assay
Clonogenic assay was also takenperformed to determine identify the coordinated effect ofion of Rradiotherapy and BJOE effect on EC109 and JAR cells. Briefly, after different treatment (only with Radiotherapy radiotherapy or with both radiotherapy and 8 μg/ml of BJOE), cells were trypsinized by 0.25% trypsin (Gibco, Waltham, United States), resuspended, and cultured in six-well cell culture plates (Corning-Costar, Corning, NYNew York, United States). Later, cells were stained by Cryistal Violet and the number of colonies would bewas counted.

Detection of apoptoisisapoptosis
Radiotherapy, 8 μg/mL of BJOE, or both the coordination of Rradiotherapy and 8 μg/mL of BJOE were used to treat EC109 cells, respectively. Hoechst Staining Kit (C0003, Beyotime, Shanghai, China) was used to detect apoptosis according to the manufacturer’s instructionsthe apoptotic cells according to the manual.

Western blot
Anti-BCL-2 antibody (ab32124), Anti-P21 antibody (ab109520), Anti-BAX antibody (ab32503), Anti-cyclin D1 antibody (ab16663), Anti-WEE1 antibody (ab203236), Anti-CDK4 antibody (ab199728), Anti-CDK6 antibody (ab124821), and Anti-GAPDH antibody (ab181602) were used as primary antibodies (Abcam, Cambridge, United Kingdom), respectively. Protein were separated by 8% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and then were transferred onto membrane of polyvinylidene difluoride (PVDF). Later, the membranes were incubated with primary and secondary antibodies, were used to incubate the membrane  respectively. Then, theEnhanced chemiluminescence ECL reagent was used to visualize the protein.

Statistical analysis
Data waswere analyzsed by using Graphpad (La Jolla, CA, United States). All experiments were repeated independently at least three times. Two-tailed t-test was used for comparison analysis between two populations, and the F-test analysis of varianceANOVA and the post-hoc Tukey test was were used for multiple comparisons analysis. All P p-values were determined, and statistical significance was set at aP < 0.05, bP < 0.01.

RESULTS
The killing effect of BJOE on esophageal carcinoma cells 
To investigate the effect of BJOE on the growth of esophageal carcinoma cells, the cell viability assays were performed with increasing as the concentrations of BJOE gradually increased (from 0 to 128 μg/mL). We found thatAccording to our result, the viability of all types of cells decreased with the increasing of BJOE concentration (Figure 1A). When theAt a concentration range of BJOE was in the range of 0 to 64 μg/mL BJOE, the killing effect on esophageal carcinoma cells was significantly stronger than that of normal human HEEC cells, in which its viability rate was slightly reduced. However, atwhen the concentration was up to 128 μg/mL, BJOE had a similarame poisoning effect on esophageal carcinoma cells and normal human HEEC cells. Thus, it was concluded that, inat low and medium concentrations of BJOE, the esophageal carcinoma cells were more sensitive to BJOE than normal cells. Based ony analyzing the value of the half-maximal effective concentration (EC50) and the half-maximal lethal concentration (LC50) of all cell lines, this conclusion was further confirmed (Figure 1B). The average of EC50 in esophageal carcinoma cells (EC109, JAR, TE-1, and TE-10) was 46.98 μg/mL, while the EC50 of HEEC was 82.68 μg/mL. Similarly, the average of LC50 in esophageal carcinoma cells (4.05 μg/mL) was lower than that in HEEC (5.37 μg/mL). These results above suggested that the BJOE was able to inhibit effectively inhibit the growth of esophageal carcinoma cells with but had slight influence on normal cells at low and medium concentrations.

The migration and invasion capacities of esophageal carcinoma cells were impaired by BJOE
Migration and invasion are the most important features of tumors and, which are also the main reasons of recurrence and death. To determine whether BJOE can inhibit the migration and invasion of esophageal carcinoma cells, we performed the wound-healing assays and transwell invasion assays. Esophageal carcinoma cells lines EC109 and JAR were selected for the assays usingin the concentration of 8 μg/mL BJOE, at concentration in at which the cell viability wasies were reduced by about 30%. The wound-healing assays showed that BJOE significantly reduced the migration ability of EC109, while the wound width of JAR in with BJOE treatment was just slightly broader than that of the control after 24 h (Figure 2A). However, the results from the of transwell invasion assays suggested that the invasion ability of both EC109 and JAR were significantly reduced by BJOE (Figure 2B). 

The BJOE promotes apoptosis in esophageal carcinoma cells during radiotherapy
Radiotherapy is one of thea common methods to treat malignant tumors. To explore the potential of BJOE as a radiosensitizer, we analyzed the viability of EC109 and JAR on radiotherapy in combination with BJOE. As shown in Figure 3A, BJOE improved the killing effect of radiotherapy on EC109 and JAR, as the viability ofin which the viabilities of EC109 and JAR cells were significantly decreased. Furthermore, the values of radiotherapy EC50 and radiotherapy LC50 of EC109 and JAR were also consistent with itthis finding. The average of EC50 of cells treated with BJOE was 6.53 μg/mL, while the average of EC50 of control was 8.32 μg/mL. Similarly, the average of LC50 of cells treated with BJOE (3.25 μg/mL) was lower than control (4.01 μg/mL), which suggested that BJOE increased the sensitivity of esophageal carcinoma cells to radiotherapy (Figure 3B).
To confirm this findingit, we performed the clonogenic assay. In cells treated with both radiotherapy and BJOE, It was shown that tthere were only around a tenth (EC109) and a fifth (JAR) of normalized colonies formed compared with the control, which suggested that BJOE further enhanced the inhibition effect of radiotherapy on the growth of EC109 and JAR (Figure 3C). The apoptotic rates of EC109 were also measured during combinedthe radiotherapy and BJOE treatment, and the results of apoptotic detection further confirmed the enhancement of radiosensitivity. Obviously, tThe apoptotic rate of EC109 after radiotherapy in combination with BJOE was promoted increased more tha thant using radiotherapy or BJOE alone (Figure 3 D).

The BJOE radiosensitizes esophageal carcinoma cells via cyclin D1-CDK4/6 axis
To investigate the mechanism of BJOE in enhancing the effect of radiotherapy, we examined the expression level of the apoptosis-related proteins p21, Bcl-2, and Bax. Western blot analysis suggested that the expression of p21 and Bax increased dramatically, while the expression of Bcl-2 remained stable after radiotherapy and BJOE treatment (Figure 4A). Thus, it was suggested that the BJOE may promote the effect of radiotherapy by increasing the expression of p21 and Bax to induce cell apoptosis.
Since P21, as a CKI, is involved in cell cycle regulation, we further examined the expression of cell cycle related proteins (WEE1, Cyclin D1, and CDK4/6) (Figure 4B). The result suggested that the expression of WEE1 did notn’t correlate with radiotherapy and BJOE, while the expression of cyclin D1 and CDK4/6 were significantly inhibited, which was consistent with the previous studies. This result suggested that BJOE can radiosensitize esophageal carcinoma cells via the cyclin D1-CDK4/6 axis.

DISCUSSION
Esophageal cancers, including squamous cell carcinoma and adenocarcinoma, are ofhave high incidence and mortality rates[4]. Thus, it is crucial that peopleto develop effective drugs or treatments to that reduce the risk of metastasis and recurrence in esophageal cancer. Traditional Chinese medicines or natural extracts provide a promising way and, which are of high effect and low toxicity compareding to other types of drugs. BJOE is used in treatingto treat various cancers [27] and may have the potential as a radiosensitizer in esophageal cancer. Here, we investigate the inhibitoryion effect of BJOE on esophageal cancer and the enhancement of radiosensitivity of esophageal cancer induced by BJOE. 
In this study, it was demonstrated that the growth of esophageal cancer can be inhibited significantly by BJOE. Especially at low and medium concentrations and medium concentration, the inhibitory effect of BJOE on esophageal cancerous cells was much higher than onthat of the normal cells. The values of EC50 and LC50 values further verified the conclusion, suggesting it may be the suitable concentration of BJOE in the application. In addition, it was also demonstrated that the BJOE in the concentration of 8 μg/mL BJOE has a significantly inhibitsory effect on the capability of invasion and migration of esophageal cancerous cells, while the inhibitory effect of migration of JAR was lower than that of EC109. This It may be because the resistance of different cells varies, or that the concentration might not be suitable to for JAR. These findings may suggest that BJOE is a promising in the treatment for esophageal cancer.
The vViability assay and clonogenic assays were also employed to determine whether BJOE could enhance radiosensitivity of esophageal cancer. Our results showed that BJOE markedly inhibited the viability and proliferation of EC109 and JAR cells during radiotherapy. BesidesIn addition, it was shown by Hoechst 33, 258 staining that BJOE combined with radiotherapy can significantly promote the apoptosis of esophageal cancerous cells, indicatingwhich indicated the possibility that the radiosensitivity of esophageal cancerous cells was increased due to the apoptosis induced by BJOE.
Cell apoptosis is a type one of programmed cell death and is forms,  regulated by multiple -genes[32], making it which is an effective way against esophageal cancer[14]. Our results demonstrated that BJOE can induce cell apoptosis in EC109 and JAR cells and improve the effect of radiotherapy. While, tTumor hypoxia has an inhibitory effect onion to radiotherapy. By wWestern blot analysis, we found that the expression of Bax increased, while Bcl-2 remained stable. A previous study had shown that, in which  Bax and Bcl-2 are co-regulators ofed cell apoptosis according to previous study[32]. It has been reported that hypoxia-inducible factor 1α (HIF-1α) could regulate the expression of Bax and Bcl-2 by inhibiting p53, leading to inhibition of apoptosis. Pan et al[33] found that BJOE could increase the apoptosis of ESCC cells via by inhibiting the expression of hypoxia-inducible factor 1α HIF-1α[33]. Hence, the up-regulation of Bax on the expression of Bax may be caused by the suppression of BJOE in esophageal cancer.
Meanwhile, the expression of p21 dramatically increased, which suggested that the apoptosis induced by BJOE might be involved with cycle-related proteins as well. Cyclin D1 and CDK4/6 regulate cell cycle progression from G1 to S phase as the complex[34], which is an important target of anti-proliferation in the cancer treatment[35,36]. Our results showed that the expression of cyclin D1 and CDK4/6 were was significantly down-regulated, suggesting that the BJOE-mediated apoptosis might be induced by blocking the G0/G1 transition. Thus, it was concluded that BJOE enhanced the effect of radiotherapy via the cyclin D1-CDK4/6 axis.
In conclusion, BJOE, as a traditional Chinese medicine, not only inhibits the growth and capability of migration and invasion of esophageal cancerous cells, but also improves the effect of radiotherapy on esophageal cancer by promoting cell apoptosis. These findings may provide a novel way for the therapy of esophageal cancer.
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Research background
Esophageal cancer is one of the most common cancers around the world. Brucea javanica oil emulsion (BJOE) is widely used against various cancers, while but its anti-cancer effect and molecular mechanism on esophageal cancer is not clear.

Research motivation
To develop new anti-cancer drugs or radiosensitizer to improve the efficacy of radiotherapy against esophageal cancer. 

Research objectives
To explore Brucea javanica oil emulsion (BJOE)’s anti-cancer effect and the its potential as a new radiosensitizer on esophageal cancer and to investigate its molecular pathways. 

Research methods
The inhibitory effect of BJOE on esophageal carcinoma cells was examined by the cell viability assays. The abilities of cCell migration and invasion of EC109 and JAR cells treated with BJOE were measured by wound-healing assays and transwell assay. The apoptosis rate of EC109 treated with BJOE combined with radiotherapy was measured by Hoechst staining. And tThe expressions of apoptosis- and cycle-related proteins were was detected by western blotting. 

Research results
Our results suggested that BJOE strongly inhibitshave a strong inhibition on the  the growth of esophageal cancer cell lines. And BJOE significantly reduced the migration and invasion abilities of EC109 and JAR. More importantly, BJOE can promoted the apoptosis of esophageal carcinoma cells to enhance the effect of radiotherapy. And tThe expression of Bax and p21 were increased, while the expressions of Bcl-2 remaineds stable. The expressions of cyclin D1 and cyclin-dependent kinase 4 (CDK4)/6 was significantly decreased. 

Research conclusions
BJOE could effectively suppress the cell growth and promote the cell apoptosis of esophageal cancerous cells during radiotherapy through cyclin D1- CDK4/6 axis. 

Research perspectives
As a potential anti-cancer drug or radiosensitizer, BJOE may be a viablecontribute to the for treatments of esophageal cancer in the future, although more research ises are needed to verify  further discuss its effect and safety. Besides, the cyclin D1- CDK4/6 axis that mediated BJOE’s anti-cancer effect may provide important information and therapeutic targets against esophageal cancer. And Additional further pathways about the cell cycle may be worthy to investigate and discuss in the future.
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[bookmark: _Hlk8050657]Figure 1 The inhibitoryinhibitive effect on esophageal carcinoma cells by Brucea javanica oil emulsion. A: Dose-response assays. The viability rates of HEEC and esophageal carcinoma cells lines were analyzed with BJOE Brucea javanica oil emulsion. At least three repeats were carried out, and the mean ± SD wais presented;. B: The values of EC50 and LC50 of all cell lines. BJOE: Brucea javanica oil emulsion; SD: Standard deviation..
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Figure 2 The migration and invasion of esophageal carcinoma cells treated with Brucea javanica oil emulsion. Wound healing assays (A) and transwell invasion assays (B) were used in 8 μg/mL of Brucea javanica oil emulsion. At least three repeats were carried out, and the mean ± SD was presented, aP < 0.05; bP < 0.01. BJOE: Brucea javanica oil emulsion; SD: Standard deviation.
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Figure 3 The promotion of the apoptotic rate of esophageal carcinoma cells during radiotherapy in combination with Brucea javanica oil emulsion. A: The viability of EC109 and JAR treaded with Brucea javanica oil emulsion (BJOE) and radiotherapy;. B: The values of EC50 and LC50 of EC109 and JAR;. C: Clonogenic assays using Radiotherapy radiotherapy in combination with BJOE (C) and cell apoptotic detection (D). AIn all the above, at least three repeats were carried out, and the mean ± SD was is presented, aP < 0.05; bP < 0.01. BJOE: Brucea javanica oil emulsion; SD: Standard deviation; EC50: Half-maximal effective concentration; LC50: Half-maximal lethal concentration..
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Figure 4 Brucea javanica oil emulsion radiosensitizes esophageal carcinoma cells via cyclin D1-CDK4/6 axis. A: Western blot analysis and the relative expression of BCL-2, BAX, and p21;. B: Western blot analysis and the relative expression of WEE1, Cyclin D1, CDK4, and CDK6. Above will be decapitalized as mean ± SD, aP < 0.05; bP < 0.01. BJOE: Brucea javanica oil emulsion; CDK: Cyclin-dependent kinase.
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