
World Journal of
Gastrointestinal Oncology

ISSN 1948-5204 (online)

Monthly Volume 17 Number 6 June 15, 2025

Published by Baishideng Publishing Group Inc



WJGO https://www.wjgnet.com I June 15, 2025 Volume 17 Issue 6

World Journal of 

Gastrointestinal 
OncologyW J G O

Contents Monthly Volume 17 Number 6 June 15, 2025

EDITORIAL

Zhang SK, Jiang L, Jiang CL, Cao Q, Chen YQ, Chi H. Unveiling genetic susceptibility in esophageal squamous 
cell carcinoma and revolutionizing pancreatic cancer diagnosis through imaging. World J Gastrointest Oncol 2025; 
17(6): 102544 [DOI: 10.4251/wjgo.v17.i6.102544]

Li DH, Qiao C, Han YT, Ge JL. Kinesin family member 14 in digestive tract malignancies: Oncogenic mechanisms, 
clinical implications, and therapeutic prospects. World J Gastrointest Oncol 2025; 17(6): 105062 [DOI: 10.4251/wjgo.
v17.i6.105062]

Quan MJ, Lin Q. Prognostic value of post-neoadjuvant immunochemotherapy hypercoagulation in gastric cancer 
patients undergoing surgery. World J Gastrointest Oncol 2025; 17(6): 105085 [DOI: 10.4251/wjgo.v17.i6.105085]

REVIEW

Jia C, Lang QF, Yin ZJ, Sun J, Meng QH, Pei TM. Role, mechanism, and application of N6-methyladenosine in 
hepatobiliary carcinoma. World J Gastrointest Oncol 2025; 17(6): 105140 [DOI: 10.4251/wjgo.v17.i6.105140]

Mo L, Wang Y, Liang XY, Zou T, Chen Y, Tan JY, Wen J, Jian XH. Progress of traditional Chinese medicine in the 
prevention and treatment of colorectal cancer. World J Gastrointest Oncol 2025; 17(6): 105690 [DOI: 10.4251/wjgo.
v17.i6.105690]

Zhang Z, Wang HM, Xu ZX, Luan WY, Lin SX, Miao YD. Application of single-cell sequencing in the study of 
immune cell infiltration in inflammatory bowel disease and colorectal cancer. World J Gastrointest Oncol 2025; 17(6): 
107382 [DOI: 10.4251/wjgo.v17.i6.107382]

MINIREVIEWS

Marrelli D, Carbone L, Poto GE, Fusario D, Gjoka M, Andreucci E, Piccioni SA, Calomino N, Sandini M, 
Roviello F. Minimally invasive lymphadenectomy for gastric cancer: Could the robotic approach provide any 
benefits than laparoscopy? World J Gastrointest Oncol 2025; 17(6): 104015 [DOI: 10.4251/wjgo.v17.i6.104015]

Zeng XF, Wang YW, Ou Y, Liu L. Role of myosin heavy chain 9 in gastrointestinal tumorigenesis: A compre-
hensive review. World J Gastrointest Oncol 2025; 17(6): 106617 [DOI: 10.4251/wjgo.v17.i6.106617]

Massaro G, Paulet A, Lavacchi D, Brugia M, Rossini D, Giommoni E, Catalano M, Pillozzi S, Antonuzzo L, 
Roviello G. Immune checkpoint inhibitors in the first-line treatment of esophageal squamous cell carcinoma: 
Minireview for a big shift. World J Gastrointest Oncol 2025; 17(6): 106707 [DOI: 10.4251/wjgo.v17.i6.106707]

Akkari I, Akkari H, Harbi R. Artificial intelligence to predict hepatocellular carcinoma risk in cirrhosis. World J 
Gastrointest Oncol 2025; 17(6): 107414 [DOI: 10.4251/wjgo.v17.i6.107414]

Tang R, Qi SQ, Zhang T, Pan ZB, Xu JH. Progress in the study of therapeutic strategies for hepatoblastoma in 
children. World J Gastrointest Oncol 2025; 17(6): 107700 [DOI: 10.4251/wjgo.v17.i6.107700]

https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.102544
https://dx.doi.org/10.4251/wjgo.v17.i6.102544
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105062
https://dx.doi.org/10.4251/wjgo.v17.i6.105062
https://dx.doi.org/10.4251/wjgo.v17.i6.105062
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105085
https://dx.doi.org/10.4251/wjgo.v17.i6.105085
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105140
https://dx.doi.org/10.4251/wjgo.v17.i6.105140
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105690
https://dx.doi.org/10.4251/wjgo.v17.i6.105690
https://dx.doi.org/10.4251/wjgo.v17.i6.105690
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.107382
https://dx.doi.org/10.4251/wjgo.v17.i6.107382
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.104015
https://dx.doi.org/10.4251/wjgo.v17.i6.104015
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106617
https://dx.doi.org/10.4251/wjgo.v17.i6.106617
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106707
https://dx.doi.org/10.4251/wjgo.v17.i6.106707
https://www.wjgnet.com/1948-5204
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.107414
https://dx.doi.org/10.4251/wjgo.v17.i6.107414
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.107700
https://dx.doi.org/10.4251/wjgo.v17.i6.107700


WJGO https://www.wjgnet.com II June 15, 2025 Volume 17 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 17 Number 6 June 15, 2025

ORIGINAL ARTICLE

Retrospective Cohort Study

Li YH, Qian GX, Yao L, Lei XD, Zhu Y, Tang L, Xu ZL, Bu XY, Wei MT, Lu JL, Jia WD. Preoperative model for 
predicting early recurrence in hepatocellular carcinoma patients using radiomics and deep learning: A multicenter 
study. World J Gastrointest Oncol 2025; 17(6): 106608 [DOI: 10.4251/wjgo.v17.i6.106608]

Alpsoy A, Yavuz A, Simsek K, Altunay B, Karaca M, Unal B, Bassorgun CI, Tatli AM, Elpek GO. Evaluation of 
tumor budding, desmoplastic reaction, and lymphocytic infiltration in predicting survival for pancreatic ductal 
adenocarcinoma. World J Gastrointest Oncol 2025; 17(6): 107021 [DOI: 10.4251/wjgo.v17.i6.107021]

Jung HN, Heo JH, Roh E, Kim BJ, Lee M, Kim JK, Kim JH, Han B, Han KD, Kang JG, Lee SJ, Ihm SH. Risk of 
hepatocellular carcinoma according to body mass index and waist circumference in nonalcoholic fatty liver disease. 
World J Gastrointest Oncol 2025; 17(6): 107364 [DOI: 10.4251/wjgo.v17.i6.107364]

Retrospective Study

Liu QQ, Li YD, Chen JX, Zhang LL, Guan RC, Zhao W, Meng LY. Prognostic value of preoperative fibrinogen, 
neutrophil-to-lymphocyte ratio, serum alpha-fetoprotein, and prealbumin for patients with primary liver cancer 
undergoing transarterial chemoembolization. World J Gastrointest Oncol 2025; 17(6): 103198 [DOI: 10.4251/wjgo.v17.
i6.103198]

Gong X, Chen C, Shen JF. Gastric cancer in children infected with Helicobacter pylori. World J Gastrointest Oncol 
2025; 17(6): 103632 [DOI: 10.4251/wjgo.v17.i6.103632]

Qiu TH, Wen HY, Huang YL. Significance of hemoglobin and hematocrit changes in predicting patient survival 
and efficacy of neoadjuvant chemotherapy for advanced gastric cancer. World J Gastrointest Oncol 2025; 17(6): 
104592 [DOI: 10.4251/wjgo.v17.i6.104592]

Yang ZH, Liu SN, Chu FY, Yang C, Chen X. Efficacy and safety of donafenib plus transarterial chemoembolization 
and immunotherapy for hepatocellular carcinoma. World J Gastrointest Oncol 2025; 17(6): 105170 [DOI: 10.4251/
wjgo.v17.i6.105170]

Chen CR, Jin HL, Xu QJ, Yuan YL, Hu ZH, Liu Y, Lei HK. Development and validation of a nomogram for 
predicting postoperative venous thromboembolism risk in patients with hepatocellular carcinoma. World J 
Gastrointest Oncol 2025; 17(6): 105790 [DOI: 10.4251/wjgo.v17.i6.105790]

Xu J, Li SX, Liu D, Chen LX, Chen X. Diagnostic value of serum pepsinogen, gastrin, and carbohydrate antigens in 
gastric ulcer and gastric cancer. World J Gastrointest Oncol 2025; 17(6): 105931 [DOI: 10.4251/wjgo.v17.i6.105931]

Qiao SB, Niu ML, Liang WT, Zhang LJ, Chen X, Zhu YK. Analysis of serum S100A12, soluble advanced glycation 
end products receptor, and gut microbiome in elderly patients with colorectal cancer. World J Gastrointest Oncol 
2025; 17(6): 106393 [DOI: 10.4251/wjgo.v17.i6.106393]

Zeynelgil E, Duzkopru Y, Kocanoglu A, Karakaya S. Prognostic value of hemoglobin-to-red cell distribution 
width ratio and inflammation markers in colorectal cancer. World J Gastrointest Oncol 2025; 17(6): 106603 [DOI: 10.
4251/wjgo.v17.i6.106603]

Yang ZY, Wan WN, Zhao L, Li SN, Liu Z, Sang L. Noninvasive prediction of Ki-67 expression in pancreatic cancer 
via contrast-enhanced ultrasound quantitative parameters: A diagnostic model study. World J Gastrointest Oncol 
2025; 17(6): 107919 [DOI: 10.4251/wjgo.v17.i6.107919]

Yao ZY, Liu J, Ma X, Li WT, Shen Y, Cui YZ, Fang Y, Han ZX, Yang CH. Impact of fibrinogen-to-albumin ratio on 
the long-term prognosis of patients with advanced HER2-negative gastric cancer receiving immunochemotherapy. 
World J Gastrointest Oncol 2025; 17(6): 107980 [DOI: 10.4251/wjgo.v17.i6.107980]

https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106608
https://dx.doi.org/10.4251/wjgo.v17.i6.106608
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.107021
https://dx.doi.org/10.4251/wjgo.v17.i6.107021
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.107364
https://dx.doi.org/10.4251/wjgo.v17.i6.107364
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.103198
https://dx.doi.org/10.4251/wjgo.v17.i6.103198
https://dx.doi.org/10.4251/wjgo.v17.i6.103198
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.103632
https://dx.doi.org/10.4251/wjgo.v17.i6.103632
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.104592
https://dx.doi.org/10.4251/wjgo.v17.i6.104592
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105170
https://dx.doi.org/10.4251/wjgo.v17.i6.105170
https://dx.doi.org/10.4251/wjgo.v17.i6.105170
https://www.wjgnet.com/1948-5204
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105790
https://dx.doi.org/10.4251/wjgo.v17.i6.105790
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105931
https://dx.doi.org/10.4251/wjgo.v17.i6.105931
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106393
https://dx.doi.org/10.4251/wjgo.v17.i6.106393
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106603
https://dx.doi.org/10.4251/wjgo.v17.i6.106603
https://dx.doi.org/10.4251/wjgo.v17.i6.106603
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.107919
https://dx.doi.org/10.4251/wjgo.v17.i6.107919
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.107980
https://dx.doi.org/10.4251/wjgo.v17.i6.107980


WJGO https://www.wjgnet.com III June 15, 2025 Volume 17 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 17 Number 6 June 15, 2025

Randomized Controlled Trial

Dai YH, Zhuo-Ma SL, Luo YH. Effect of gastrointestinal endoscopy center care on the psychological state and pain 
level of colorectal cancer patients. World J Gastrointest Oncol 2025; 17(6): 106154 [DOI: 10.4251/wjgo.v17.i6.106154]

Basic Study

Gao Z, Zhang X, He H. Role and mechanism of sarcosine dehydrogenase in the progression of gallbladder cancer 
through chemokine pathways. World J Gastrointest Oncol 2025; 17(6): 105016 [DOI: 10.4251/wjgo.v17.i6.105016]

Wang L, Wang MH, Yuan YH, Xu RZ, Bai L, Wang MZ. Identification and validation of extracellular matrix-
related genes in the progression of gastric cancer with intestinal metaplasia. World J Gastrointest Oncol 2025; 17(6): 
105160 [DOI: 10.4251/wjgo.v17.i6.105160]

Xu W, Li W, Ru J. Endothelial Per-Arnt-Sim domain-containing protein 1 expression is correlated with poor 
prognosis and promotes invasion and metastasis in gastric cancer. World J Gastrointest Oncol 2025; 17(6): 105213 
[DOI: 10.4251/wjgo.v17.i6.105213]

Wang ZW, Pan CY, Wei CL, Liao H, Zhang XP, Zhang CY, Yu L. Oxocrebanine inhibits the proliferation of 
hepatocellular carcinoma cells by promoting apoptosis and autophagy. World J Gastrointest Oncol 2025; 17(6): 
105570 [DOI: 10.4251/wjgo.v17.i6.105570]

Hua YQ, Guo KX, Ni P, Wang D, An TY, Gao YY, Zhang RG. RPF2 regulates the protein kinase B/mammalian 
target of rapamycin pathway in the pathogenesis of Helicobacter pylori. World J Gastrointest Oncol 2025; 17(6): 105664 
[DOI: 10.4251/wjgo.v17.i6.105664]

Dong YD, Wu XM, Liu WQ, Hu YW, Zhang H, Fang WD, Luo Q. Potential mechanism of Camellia luteoflora 
against colon adenocarcinoma: An integration of network pharmacology and molecular docking. World J 
Gastrointest Oncol 2025; 17(6): 105782 [DOI: 10.4251/wjgo.v17.i6.105782]

Wei JR, Ouyang YN, Tang MT, Yuan JZ, Wang PL, Jiang LH, Wu LC. Charged multivesicular body protein 7 was 
identified as a prognostic biomarker correlated with metastasis in colorectal cancer. World J Gastrointest Oncol 2025; 
17(6): 105967 [DOI: 10.4251/wjgo.v17.i6.105967]

Wang YT, Yong YL, Liu ZK, Shen YX, Yang XM, Chen ZN. Regulator of chromosome condensation 1 promotes 
hepatocellular carcinoma proliferation via cell-division-cycle-associated-8 dependent phosphoinositide 3-
kinase/protein kinase B signaling. World J Gastrointest Oncol 2025; 17(6): 106080 [DOI: 10.4251/wjgo.v17.i6.106080]

Feng CZ, Zhong SQ, Ye SW, Zheng Z, Sun H, Zhou SH. Tumor-derived exosomal miR-425-5p and miR-135b-3p 
enhance colorectal cancer progression through immune suppression and vascular permeability promotion. World J 
Gastrointest Oncol 2025; 17(6): 106161 [DOI: 10.4251/wjgo.v17.i6.106161]

META-ANALYSIS

Zhang W, Fu H, Liu ZR, Xu L, Che X, Ning YT, Zhan ZY, Zhou GC. Transarterial chemoembolization combined 
with lenvatinib vs transarterial chemoembolization combined with sorafenib for unresectable hepatocellular 
carcinoma: A systematic review and meta-analysis. World J Gastrointest Oncol 2025; 17(6): 105887 [DOI: 10.4251/
wjgo.v17.i6.105887]

SCIENTOMETRICS

Shang LQ, Guo HX, Wang P, Sun XH, You JQ, Ma JT, Wang LK, Liu JX, Wang ZQ, Shao HB. Global scientific 
trends on hepatocellular carcinoma research from 2004 to 2023: A bibliometric and visualized analysis. World J 
Gastrointest Oncol 2025; 17(6): 105781 [DOI: 10.4251/wjgo.v17.i6.105781]

https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106154
https://dx.doi.org/10.4251/wjgo.v17.i6.106154
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105016
https://dx.doi.org/10.4251/wjgo.v17.i6.105016
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105160
https://dx.doi.org/10.4251/wjgo.v17.i6.105160
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105213
https://dx.doi.org/10.4251/wjgo.v17.i6.105213
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105570
https://dx.doi.org/10.4251/wjgo.v17.i6.105570
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105664
https://dx.doi.org/10.4251/wjgo.v17.i6.105664
https://www.wjgnet.com/1948-5204
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105782
https://dx.doi.org/10.4251/wjgo.v17.i6.105782
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105967
https://dx.doi.org/10.4251/wjgo.v17.i6.105967
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106080
https://dx.doi.org/10.4251/wjgo.v17.i6.106080
https://www.wjgnet.com/1948-5204
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106161
https://dx.doi.org/10.4251/wjgo.v17.i6.106161
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105887
https://dx.doi.org/10.4251/wjgo.v17.i6.105887
https://dx.doi.org/10.4251/wjgo.v17.i6.105887
https://www.wjgnet.com/1948-5204
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.105781
https://dx.doi.org/10.4251/wjgo.v17.i6.105781


WJGO https://www.wjgnet.com IX June 15, 2025 Volume 17 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 17 Number 6 June 15, 2025

CASE REPORT

Xu XX, Gao YH, Du CZ, Gao XX, Chen P, Fan RF, Li HT, Qiao Z. Molecular surveillance-informed personalized 
multidisciplinary therapy achieves prolonged survival in a patient with Lynch syndrome-associated colorectal 
cancer: A case report. World J Gastrointest Oncol 2025; 17(6): 106316 [DOI: 10.4251/wjgo.v17.i6.106316]

Suh JW, Jo JW, Park DG. Long-term survival of a patient with colorectal cancer with peritoneal carcinomatosis 
and low completeness of cytoreduction score: A case report. World J Gastrointest Oncol 2025; 17(6): 106846 [DOI: 10.
4251/wjgo.v17.i6.106846]

Jin CB, Li YS, Zhang J, Wu J, Tao WJ. Extensive bone metastases from an occult gastric primary: A case report. 
World J Gastrointest Oncol 2025; 17(6): 106848 [DOI: 10.4251/wjgo.v17.i6.106848]

Hu RR, Liu M, Li HY. Primary squamous cell carcinoma of the descending colon with pancreatic metastasis: A 
case report. World J Gastrointest Oncol 2025; 17(6): 107272 [DOI: 10.4251/wjgo.v17.i6.107272]

Kong XL, Lu XW, Dong SQ, Liu J, Zheng L, Chen LL, An ZH, Gao LM, Cao JL. Descending duodenal adenocar-
cinoma treated with pembrolizumab resulting in complete clinical response: A case report and literature review. 
World J Gastrointest Oncol 2025; 17(6): 107568 [DOI: 10.4251/wjgo.v17.i6.107568]

LETTER TO THE EDITOR

Cai Z, Dai WD, Cai XW. Prognostic impact of inflammatory and nutritional markers in colorectal cancer patients 
with peritoneal metastasis. World J Gastrointest Oncol 2025; 17(6): 100010 [DOI: 10.4251/wjgo.v17.i6.100010]

Kumar S. Esophageal squamous cell carcinoma susceptibility of activin A receptor type 1C variants in Chinese 
population. World J Gastrointest Oncol 2025; 17(6): 102687 [DOI: 10.4251/wjgo.v17.i6.102687]

Arora J, Nassar M, Baraka B. Unravelling the potential of plasma DNA methylation in the detection and 
surveillance of esophageal cancer. World J Gastrointest Oncol 2025; 17(6): 103333 [DOI: 10.4251/wjgo.v17.i6.103333]

Bae SU. Elevating surgical standards: The role of intraperitoneal isoperistaltic side-to-side anastomosis in colon 
cancer surgery. World J Gastrointest Oncol 2025; 17(6): 106645 [DOI: 10.4251/wjgo.v17.i6.106645]

https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106316
https://dx.doi.org/10.4251/wjgo.v17.i6.106316
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106846
https://dx.doi.org/10.4251/wjgo.v17.i6.106846
https://dx.doi.org/10.4251/wjgo.v17.i6.106846
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106848
https://dx.doi.org/10.4251/wjgo.v17.i6.106848
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.107272
https://dx.doi.org/10.4251/wjgo.v17.i6.107272
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.107568
https://dx.doi.org/10.4251/wjgo.v17.i6.107568
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.100010
https://dx.doi.org/10.4251/wjgo.v17.i6.100010
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.102687
https://dx.doi.org/10.4251/wjgo.v17.i6.102687
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.103333
https://dx.doi.org/10.4251/wjgo.v17.i6.103333
https://www.wjgnet.com/1948-5204
https://dx.doi.org/10.4251/wjgo.v17.i6.106645
https://dx.doi.org/10.4251/wjgo.v17.i6.106645


WJGO https://www.wjgnet.com X June 15, 2025 Volume 17 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 17 Number 6 June 15, 2025

ABOUT COVER

Peer Review of World Journal of Gastrointestinal Oncology, Yen-Sung Huang, PhD, Assistant Professor, Institute of 
Biomedical Sciences, Institute of Biomedical Sciences, Biomedical Translation Research Center, Academia Sinica, 
Taipei 115201, Taiwan. yshuang@ibms.sinica.edu.tw

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World J Gastrointest Oncol) is to provide 
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic 
and clinical research articles and communicate their research findings online. 
    WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal 
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic 
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, etc.

INDEXING/ABSTRACTING

The WJGO is now abstracted and indexed in PubMed, PubMed Central, Science Citation Index Expanded (SCIE, 
also known as SciSearch®), Journal Citation Reports/Science Edition, Scopus, Reference Citation Analysis, China 
Science and Technology Journal Database, and Superstar Journals Database. The 2024 edition of Journal Citation 
Reports® cites the 2023 journal impact factor (JIF) for WJGO as 2.5; JIF without journal self cites: 2.5; 5-year JIF: 2.8; 
JIF Rank: 72/143 in gastroenterology and hepatology; JIF Quartile: Q3; and 5-year JIF Quartile: Q2. The WJGO’s 
CiteScore for 2024 is 3.3 and Scopus CiteScore rank 2024: Gastroenterology is 89/173; Oncology is 235/415.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Si Zhao; Production Department Director: Xiang Li; Cover Editor: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Oncology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5204 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

February 15, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Monjur Ahmed https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5204/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

June 15, 2025 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2025 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2025 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5204/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:office@baishideng.com
https://www.wjgnet.com


WJGO https://www.wjgnet.com 1 June 15, 2025 Volume 17 Issue 6

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2025 June 15; 17(6): 105570

DOI: 10.4251/wjgo.v17.i6.105570 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Basic Study

Oxocrebanine inhibits the proliferation of hepatocellular carcinoma 
cells by promoting apoptosis and autophagy

Zheng-Wen Wang, Cai-Yan Pan, Cang-Long Wei, Hui Liao, Xiao-Po Zhang, Cai-Yun Zhang, Lei Yu

Specialty type: Oncology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade B, Grade 
C 
Novelty: Grade B, Grade B 
Creativity or Innovation: Grade B, 
Grade C 
Scientific Significance: Grade C, 
Grade C

P-Reviewer: Berardi G; Burkhart 
RA

Received: February 18, 2025 
Revised: March 28, 2025 
Accepted: May 8, 2025 
Published online: June 15, 2025 
Processing time: 115 Days and 2.9 
Hours

Zheng-Wen Wang, Cai-Yan Pan, Cang-Long Wei, Hui Liao, Department of Hepatobiliary and 
Pancreatic Surgery/Hainan Clinical Medical Research Center for Liver Disease and Liver 
Critical Illness, Hainan Cancer Hospital/Hainan Medical University Affiliated Cancer Hospital, 
Haikou 570312, Hainan Province, China

Xiao-Po Zhang, Cai-Yun Zhang, Department of Analysis, Hainan Pharmaceutical Research and 
Development Science and Technology Park, Haikou 570312, Hainan Province, China

Lei Yu, College of Pharmacy/Drug Engineering Technology Research Center, Harbin University 
of Commerce, Harbin 150076, Heilongjiang Province, China

Co-corresponding authors: Cai-Yun Zhang and Lei Yu.

Corresponding author: Cai-Yun Zhang, Senior Researcher, Department of Analysis, Hainan 
Pharmaceutical Research and Development Science and Technology Park, Intersection of 
Mei'an 3rd Street and Anling 3rd Road, Xiuying District, Haikou 570312, Hainan Province, 
China. zhangcaiyunhaikou@163.com

Abstract
BACKGROUND 
Finding active lead anti-hepatocellular carcinoma compounds from traditional 
Chinese medicine has important research value.

AIM 
To assess the detailed mechanism of oxocrebanine, a compound separated from 
the traditional Chinese medicinal plant Stephania hainanensis H.S. Lo et Y. Tsoong, 
and to evaluate its inhibition of the proliferation of human hepatocellular 
carcinoma cells via apoptosis and autophagy.

METHODS 
MTT, BrdU labeling, and colony formation assays were used to assess the 
inhibitory effect of oxocrebanine on the growth and proliferation of human 
hepatocellular carcinoma Hep3B2.1-7 cells. Flow cytometry was used to detect the 
effect of oxocrebanine on the apoptosis of Hep3B2.1-7 cells. Western blotting was 
used to assess the expression of apoptosis-related proteins in Hep3B2.1-7 cells. 
The aforementioned methods were also used to evaluate the effects of oxocre-
banine on cell proliferation, autophagy markers, and autophagy-related protein 
expression levels after adding autophagy inhibitor 3-mA. Furthermore, to verify 
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the anti-hepatocellular carcinoma effect of oxocrebanine in vivo, a nude mouse model was used to investigate the 
inhibitory effect of oxocrebanine treatment and its mechanism. Apoptosis was detected using a TUNEL assay and 
the expression of microtubule-associated protein 1 LC3 in tumor specimens was assessed using immunohisto-
chemistry.

RESULTS 
Oxocrebanine effectively inhibited the growth of Hep3B2.1-7 cells, whilst upregulating the protein expression of 
cleaved caspase-3, downregulating poly(ADP-ribose) polymerase 1 protein expression, increasing the levels of Bax 
and Bcl-2 antagonist/killer 1 protein expression, and decreasing the levels of Bcl-2 and myeloid cell leukemia 1 
protein expression, which could promote apoptosis in Hep3B2.1-7 cells. Oxocrebanine promoted the trans-
formation of LC3-I to LC3-II in Hep3B2.1-7 cells, suggesting the occurrence of autophagy, whilst the autophagy 
inhibitor 3-MA could reverse this process. Oxocrebanine was also shown to reduce the phosphorylation levels of 
the eukaryotic translation initiation factor 4EBP1 and ribosomal protein S6 kinase B1 (P70S6K), two downstream 
effector molecules in the PI3K/Akt/mTOR pathway, inducing autophagy in Hep3B2.1-7 cells. Moreover, the 
tumor-bearing nude mouse experiment indicated that oxocrebanine effectively inhibited the growth of Hep3B2.1-7 
cells in vivo. The results of the TUNEL assay and immunohistochemistry also revealed that oxocrebanine induced 
apoptosis in vivo and increased the expression level of LC3, an autophagy marker.

CONCLUSION 
Oxocrebanine can inhibit the proliferation of human hepatocellular carcinoma cells by promoting apoptosis and 
inducing autophagy in vitro and in vivo.

Key Words: Stephania hainanensis H.S. Lo et Y. Tsoong; Oxocrebanine; Hep3B2.1-7 cells; Apoptosis; Autophagy

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The present study revealed that oxocrebanine can inhibit the proliferation of hepatocellular carcinoma cells by 
promoting apoptosis and inducing autophagy both in vitro and in vivo. Oxocrebanine can induce apoptosis in Hep3b2.1-7 
cells by upregulating cleaved caspase-3, Bax, and Bak protein expression levels and downregulating PARP1, Bcl-2, and 
Mcl-1 protein expression levels. The inhibition of Hep3b2.1-7 cell proliferation by oxocrebanine may be related to the 
induction of protective autophagy. The results of the TUNEL assay and immunohistochemistry also revealed that oxocre-
banine induced apoptosis in vivo and increased the expression level of LC3, an autophagy marker.

Citation: Wang ZW, Pan CY, Wei CL, Liao H, Zhang XP, Zhang CY, Yu L. Oxocrebanine inhibits the proliferation of hepatocellular 
carcinoma cells by promoting apoptosis and autophagy. World J Gastrointest Oncol 2025; 17(6): 105570
URL: https://www.wjgnet.com/1948-5204/full/v17/i6/105570.htm
DOI: https://dx.doi.org/10.4251/wjgo.v17.i6.105570

INTRODUCTION
Hepatocellular carcinoma (HCC) is a primary hepatoma with a high mortality rate, accounting for 75%-85% of primary 
hepatomas. Globally, China ranks first in hepatoma incidence[1-3]. Studies have reported that the 5-year average survival 
rate for patients with hepatoma in China is only 12.1%[4,5]. To achieve the goal set in the “Healthy China 2030” plan of 
increasing the overall 5-year cancer survival rate by 15%[6], it is of significant social importance to find highly effective 
and low-toxicity anti-HCC drugs. At present, the drugs used to treat HCC in clinical practice mainly include targeted 
drugs, chemotherapy drugs, and antiviral drugs. Although the above-mentioned drugs have demonstrated some 
therapeutic effects in clinical practice, challenges such as the low success rate of gene typing for targeted drugs, drug 
resistance, and toxic side effects remain significant concerns, especially in combination therapy, which can cause severe 
liver toxicity in patients with HCC[7-9]. Therefore, it is urgent to develop low toxicity and high efficiency anti-HCC 
drugs, especially by seeking lead compounds or structural optimization from traditional Chinese medicine as a 
breakthrough point. Exploring anti-HCC active lead compounds from traditional Chinese medicines is one effective path 
to treat HCC. The Li Chinese medicinal plant, Stephania hainanensis H.S. Lo et Y. Tsoong, commonly used in the Hainan Li 
ethnic group, is known for its analgesic, anti-swelling, and detoxifying effects, with high efficacy and low side effects. 
Furthermore, our previous research demonstrated that the Hainan Dichroa febrifuga compound oxocrebanine, which has a 
planar molecular structure, exerts dual inhibitory effects on topoisomerase and tubulin[10,11]. The present study aimed 
to assess the growth inhibitory effect of oxocrebanine on HCC cells and evaluate whether the inhibition is related to 
apoptosis and autophagy. Additionally, the present study aimed to assess the changes in apoptosis and autophagy-
related pathway proteins following oxocrebanine treatment to elucidate the mechanism by which oxocrebanine induces 
apoptosis and autophagy in vitro and in vivo, in order to provide direction and evidence for the development of new 
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drugs for the treatment of HCC.

MATERIALS AND METHODS
MTT assay
Hep3B2.1-7 cells (Purchased from Zhejiang Nobo Biological Products Co., Ltd) were cultured with RPMI-1640 (Meilun 
Bio) for 24 hours. Treatment groups were administered oxocrebanine solutions at concentrations of 5, 10, 20, 40, and 80 
μmol/L, while the control group received complete medium alone (Meilun Bio). Drug concentrations were selected based 
on preliminary experiments to ensure a dose-response range from slight to significant inhibition. Each concentration of 
oxocrebanine was assessed in six replicates. After 72 hours of cell culture, 10 μL of MTT solution (5 mg/mL) was added to 
each well. After 4 hours of incubation, the MTT solution was discarded and 150 μL of DMSO was added to each well. The 
plate was shaken for 10 minutes, and the optical density (OD) value was read using a microplate reader at a wavelength 
of 490 nm to calculate the cell inhibition rate. The experiment was repeated three times. The cell inhibition rate (%) was 
calculated as [(mean OD value of control group - mean OD value of treatment group)/mean OD value of control group] × 
100.

BrdU assay
Using the same experimental groups and drug concentrations as those in the MTT assay, cell proliferation was assessed 
per the BrdU Proliferation Assay Kit (Frdbio Bio) protocol. The cell proliferation rate (%) was calculated as (mean OD 
value of BrdU positive group/mean OD value of BrdU negative group) × 100.

Plate colony formation assay
Hep3B2.1-7 cells were treated for 24 hours. Treatment groups were administered oxocrebanine solutions at concen-
trations of 25.45, 50.89, and 101.79 μmol/L, while the control group was administered 32.54 μmol/L VP16 solution 
(Shanghai Tongtian Biotechnology Co., Ltd) and cultured in 1 mL complete culture medium (Meilun Bio). After 72 hours 
of drug treatment, the solutions were discarded, the culture medium was replaced with fresh medium, and the cells were 
further cultured for 14 days in an incubator. Thereafter, the cells were washed with PBS, fixed with 4% paraformaldehyde 
for 1 hour, stained with crystal violet for 25 minutes, washed again with PBS, air-dried, and imaged.

PI/Annexin V double staining
Hep3B2.1-7 cells were treated for 24 hours. Treatment groups were administered oxocrebanine solutions at concen-
trations of 25.45, 50.89, and 101.79 μmol/L, while the control group was administered 32.54 μmol/L VP16 solution. After 
48 hours of incubation, the cells were collected, resuspended in 200 μL of Binding Buffer, and stained with 10 μL of FITC-
labeled Annexin V and 5 μL of PI staining solution. The cells were incubated in the dark for 15 minutes and then 
analyzed using flow cytometry.

Western blot analysis
After 24 hours of Hep3B2.1-7 cell culture, the treatment groups and drug concentrations were the same as in PI/Annexin 
V double staining. After 72 hours, proteins were extracted and quantified. Protein samples were subjected to 10% SDS-
PAGE, transferred to PVDF membranes, blocked with 5% skim milk for 2 hours, and incubated overnight at 4 °C with 
primary antibodies against GAPDH or β-actin, c-caspase3, PARP1, Bcl-2, Bax, Bak and Mcl-1 (Beijing Boaoson Biotech-
nology Co., Ltd, bs-0755R, bs-2076R, bs-0032R, bs-0081R, bs-20763R, bs-0127R, bs-23315R). The membranes were washed 
three times with TBST, incubated with HRP secondary antibodies (Beijing Boaoson Biotechnology Co., Ltd, bs-40295G) 
for 2 hours, washed three times with TBST, and visualized using an ECL luminescence imaging system (General Electric 
Company of the United States, ImageQuant LAS500). Protein bands were semi-quantitatively analyzed using Image J 
software (National Institutes of Health).

MTT and BrdU labeling assays in the presence of an autophagy inhibitor
After 24 hours of Hep3B2.1-7 cell culture, the oxocrebanine + 3-MA group was treated simultaneously with the 
autophagy inhibitor 3-MA (Selleck) at 4 mmol/L and 50.89 μmol/L oxocrebanine. The control group was cultured in 
RPMI 1640 medium (Meilun Bio) with 10% fetal bovine serum (Hangzhou Sijiqing Bioengineering Materials Co., Ltd). 
MTT and BrdU labeling assays were performed as previously described.

Western blot analysis after addition of an autophagy inhibitor and oxocrebanine
The same experimental doses and group assignments used in the aforementioned MTT and BrdU labeling assays in the 
presence of an autophagy inhibitor were conducted, and Western blot was performed as previously described. The 
antibodies used included those against GAPDH, microtubule-associated protein 1 LC3-I, and LC3-II (ab192890; Abcam), 
as well as the eukaryotic translation initiation factor 4EBP1, p-4EBP1, P70S6K, and p-P70S6K (bs-2559R, bs-3018R, bs-
5671R, and bs-1426R, respectively; Beijing Boaoson Biotechnology Co., Ltd).

In vivo experiments
A total of 5 × 106 Hep3B2.1-7 cells in the log growth phase in 200 μL suspension were subcutaneously injected into the 
dorsal flank of male immunodeficient mice (BALB/cNu/Nu), aged 8-10 weeks. The nude mice (n = 10) were randomly 
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divided into either a control group or a treatment group, with five mice in each group. The mice were fed in specific-
pathogen-free animal rooms, and their feed and drinking water were strictly sterilized using high-pressure and high-
temperature sterilization methods. During the breeding process, direct contact between human skin and nude mice was 
avoided, and all items and utensils that came into contact with the nude mice were strictly disinfected. If any animals 
developed a serious illness or other health problems, such as infectious diarrhea or mousepox, and were unsuitable for 
the experiments, they were euthanized. Furthermore, the experimental animals were euthanized if the tumor size reached 
2 cm. The experiment on the nude mice and related experimental protocols adhered to the 3R principle and were 
approved by the Medical Ethics Committee of Hainan Medical University (approval No. HYLL-2024-146). When the 
tumor volume increased to approximately 50 mm3, the nude mice were divided into control and treatment groups (10 
mg/kg oxocrebanine). Each group contained five nude mice according to statistical requirements. All drugs were 
administered intraperitoneally every 3 days for five times. The mice were then observed for 3 days, during which tumor 
volume was measured every 3 days to plot tumor growth curves for each group. At the end of the observation, each 
group of nude mice were anesthetized by an intraperitoneal injection of 300 μL of 2% pentobarbital sodium (60 mg/kg), 
according to pharmacological experimental methodology[12] and literature report[13]. Subsequently, the tumors were 
imaged using a small animal in vivo live imaging system. The nude mice were then euthanized using 30% vol/minute 
CO2 (40 cm × 30 cm × 25 cm box), followed by cervical dislocation to confirm death, ensuring that the nude mice quickly 
lost vital signs and avoiding other animals from seeing the process. Subsequently, the tumor tissues were removed intact, 
fixed using 4% paraformaldehyde, paraffin embedded, sectioned, and assessed for apoptosis using a TUNEL assay. 
Expression of the autophagy signature protein LC3 was also evaluated using immunohistochemical staining. In the same 
way of modeling and administration, another 10 nude mice were divided into control and treatment groups to record the 
survival time of the tumor-bearing nude mice and generate Kaplan-Meier survival curves. At the end of the experiment, 
all surviving nude mice were euthanized.

Statistical analysis
The data are presented as the mean ± SD from three independent experiments. Statistical analyses were performed using 
SPSS 21.0 for Windows (IBM Corp.). One-sided analysis of variance followed by the Fisher’s least significant difference 
test was used to analyze the data from different groups. P < 0.05 was considered to indicate a statistically significant 
difference.

RESULTS
Inhibitory effect of oxocrebanine on proliferation of Hep3B2.1-7 cells
MTT, BrdU labeling, and colony formation assays were used to assess the effect of oxocrebanine on the growth and prolif-
eration of Hep3B2.1-7 cells. The results of the MTT assay are presented in Table 1. After treatment of Hep3B2.1-7 cells 
with oxocrebanine, the inhibition rate increased significantly in a dose-dependent manner (P < 0.01) compared with the 
control group, and the IC50 value was calculated to be 50.89 μmol/L. The BrdU labeling assay results indicated that the 
cell proliferation level decreased significantly (P < 0.01), which also showed a dose-dependent relationship (Table 2). 
Furthermore, plate colony formation in Hep3B2.1-7 cells decreased significantly after treatment with oxocrebanine (P < 
0.01; Table 3 and Figure 1). The results of the aforementioned experiments suggest that oxocrebanine can inhibit the 
growth and proliferation of Hep3B2.1-7 cells.

Oxocrebanine induces apoptosis in Hep3B2.1-7 cells
The results of PI/Annexin V double staining combined with flow cytometry indicated that, compared with the control 
group, the apoptosis level of Hep3B2.1-7 cells in the VP16 group was significantly increased (P < 0.01; Table 4 and 
Figure 2). The apoptosis level in the oxocrebanine group was also significantly increased (P < 0.05 or P < 0.01) in a dose-
dependent manner. Moreover, the cells treated with 50.89 μmol/L oxocrebanine exhibited early apoptosis (Figure 2D), 
whilst late apoptosis was observed at 101.78 μmol/L (Figure 2E).

Effect of oxocrebanine on expression of apoptosis effector proteins cleaved caspase3 and PARP1 in Hep3B2.1-7 cells
Western blot analysis was performed to measure the expression levels of cleaved caspase3 and PARP1 proteins in 
Hep3B2.1-7 cells after treatment with oxocrebanine (Figure 3). Compared with the control group, VP16 treatment 
significantly upregulated the expression of cleaved caspase3 (P < 0.01) but significantly downregulated the expression of 
PARP1 (P < 0.01). Similarly, oxocrebanine treatment significantly increased the expression of cleaved caspase3 (P < 0.01) 
but significantly decreased the expression of PARP1 (P < 0.01).

Effect of oxocrebanine on expression of apoptosis-related proteins Bcl-2, Bax, Bak, and Mcl-1 in Hep3B2.1-7 cells
Western blot analysis was performed to measure the expression levels of the apoptosis-related proteins Bcl-2, Bax, Bak, 
and Mcl-1 in Hep3B2.1-7 cells after treatment with oxocrebanine. Compared with the control group, VP16 or oxocre-
banine significantly reduced the expression levels of Bcl-2 and Bax proteins (P < 0.01; Figure 4A-C). Furthermore, after 
treatment with VP16 or oxocrebanine, the expression level of Bak protein was significantly increased (P < 0.01), and the 
expression level of Mcl-1 protein was significantly decreased (P < 0.01; Figure 4D-G).
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Figure 1 Effect of oxocrebanine on proliferation of Hep3B2.1-7 cells (× 100). Hep3B2.1-7 cells were treated respectively with 1 mL of complete culture 
medium, VP16 at a concentration of 32.54 μmol/L, and oxocrebanine at concentrations of 25.45 μmol/L, 50.89 μmol/L, and 101.78 μmol/L. After 72 hours of drug 
treatment, the cells of each group were stained with crystal violet for 25 minutes and photographed. A: Control; B: VP16; C: 25.45 μmol/L oxocrebanine; D: 50.89 
μmol/L oxocrebanine; E: 101.78 μmol/L oxocrebanine.

Figure 2 Effect of oxocrebanine on apoptosis of Hep3B2.1-7 cells. After 48 hours of incubation with complete culture medium, 32.54 μmol/L VP16, or 
25.45 μmol/L, 50.89 μmol/L, or 101.79 μmol/L oxocrebanine, the cells were stained with FITC-labeled Annexin V and PI staining solution, and then analyzed by flow 
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cytometry. A: Control; B: VP16; C: 25.45 μmol/L oxocrebanine; D: 50.89 μmol/L oxocrebanine; E: 101.78 μmol/L oxocrebanine.

Figure 3 Protein expression levels of cleaved caspase3 and PARP in Hep3B2.1-7 cells. A: Western blot analysis of cleaved caspase3 (c-caspase3) 
protein level in Hep3B2.1-7 cells after treatment with oxocrebanine. VP16 (32.54 μmol/L) was used as a control; B: Western blot analysis data indicated that the 
expression of c-caspase3 was upregulated with oxocrebanine treatments; C: Level of PARP1 in Hep3B2.1-7 cells after treatment with oxocrebanine. VP16 (32.54 
μmol/L) was used as a control; D: Western blot analysis data showed that the expression of PARP1 was downregulated by oxocrebanine treatments. Data are shown 
as the mean ± SD. aP < 0.01 vs control (n = 3).

Inhibition of Hep3B2.1-7 cell growth and proliferation by oxocrebanine after addition of an autophagy inhibitor
To assess whether oxocrebanine affects the activity of Hep3B2.1-7 cells through the autophagy pathway, MTT and BrdU 
labeling assays were performed to evaluate the inhibition of HCC cell growth and proliferation after adding the 
autophagy inhibitor 3-MA. The results of the MTT assay indicated that, compared with the control group, the viability of 
Hep3B2.1-7 cells significantly decreased after treatment with oxocrebanine alone (P < 0.01; Table 5 and Figure 5A). 
Compared with the oxocrebanine group, the cell viability in the oxocrebanine + 3-MA group decreased significantly (P < 
0.01; Table 5 and Figure 5A). Moreover, the results of the BrdU assay indicated that, compared with the control group, 
oxocrebanine significantly reduced the proliferation of Hep3B2.1-7 cells (P < 0.01; Table 5 and Figure 5B). Compared with 
the oxocrebanine group, the proliferation rate in the oxocrebanine + 3-MA group also decreased significantly (P < 0.01; 
Table 5 and Figure 5B). This indicates that after the addition of the autophagy inhibitor 3-MA, oxocrebanine significantly 
inhibited the growth and proliferation of Hep3B2.1-7 cells. These results indicate that the inhibition of Hep3B2.1-7 cell 
proliferation by oxocrebanine may be related to the induction of protective autophagy in HCC cells.

Effect of oxocrebanine on expression of autophagy marker LC3 protein in Hep3B2.1-7 cells after addition of an 
autophagy inhibitor
Western blot analysis was performed to measure the LC3- II/LC3-I protein expression ratio in Hep3B2.1-7 cells after 
administration of the autophagy inhibitor 3-MA and treatment with oxocrebanine. Compared with the control group, the 
LC3-II/LC3-I ratio in the oxocrebanine group significantly increased (P < 0.01). Compared with oxocrebanine alone, the 
LC3-II/LC3-I protein expression ratio in the oxocrebanine + 3-MA group significantly decreased (P < 0.01; Figure 6A and 
B). These results indicate that after treating Hep3B2.1-7 cells with oxocrebanine, the LC3-II/LC3-I ratio increases, and the 
autophagy inhibitor 3-MA can reverse this process.

Effect of oxocrebanine on expression of 4EBP1 and p-4EBP1 proteins in Hep3B2.1-7 cells after addition of an 
autophagy inhibitor
Western blot results demonstrated that, compared with the control group, the phosphorylation level of 4EBP1 in 
Hep3B2.1-7 cells significantly decreased in the oxocrebanine group (P < 0.01). Compared with oxocrebanine alone, the 
phosphorylation level of 4EBP1 in the oxocrebanine + 3-MA group significantly increased (P < 0.01; Figure 6C and D). 
The results suggest that oxocrebanine can reduce the phosphorylation level of 4EBP1 in Hep3B2.1-7 cells, and the 
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Figure 4 Protein expression levels of Bcl-2, Bax, Bak, and Mcl-1 in Hep3B2.1-7 cells. A: Western blot analysis of Bcl-2 protein level in Hep3B2.1-7 
cells after treatment with oxocrebanine. VP16 (32.54 μmol/L) was used as a control; B: Western blot analysis of Bax protein level in Hep3B2.1-7 cells after treatment 
with oxocrebanine, with VP16 (32.54 μmol/L) used as a control; C: Western blot analysis data indicated that the ratio of Bcl-2 to Bax protein expression was 
decreased with oxocrebanine treatments; D: Level of Bak in Hep3B2.1-7 cells after treatment with oxocrebanine. VP16 (32.54 μmol/L) was used as a control; E: 
Western blot analysis data showed that the expression of Bak was downregulated by oxocrebanine treatments; F: Level of Mcl-1 in Hep3B2.1-7 cells after treatment 
with oxocrebanine. VP16 (32.54 μmol/L) was used as a control; G: Western blot analysis data showed that the expression of Mcl-1 was downregulated by 
oxocrebanine treatments. Data are shown as the mean ± SD. aP < 0.01 vs control (n = 3).

autophagy inhibitor 3-MA can reverse this process.

Effect of oxocrebanine on expression of P70S6K and p-P70S6K proteins in Hep3B2.1-7 cells after addition of an 
autophagy inhibitor
Compared with the control group, the phosphorylation level of P70S6K in Hep3B2.1-7 cells significantly decreased in the 
oxocrebanine group (P < 0.01). Compared with oxocrebanine alone, the phosphorylation level of P70S6K in the oxocre-
banine + 3-MA group significantly increased (P < 0.01; Figure 6E and F). These results indicate that oxocrebanine can 
reduce the phosphorylation level of P70S6K, and the autophagy inhibitor 3-MA can reverse this process.

Oxocrebanine inhibits tumor growth in vivo
The tumor volume decreased significantly in the oxocrebanine group compared with the control group, and oxocrebanine 
administration was associated with a significant inhibition of tumor growth in vivo (Figure 7A and B). The TUNEL results 
revealed significantly increased apoptosis in the oxocrebanine group, and the immunohistochemical staining results 
demonstrated that the expression level of LC3 in the tumor tissues of mice in the oxocrebanine group was much higher 
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Table 1 Growth inhibition rate of Hep3B2.1-7 cells in MTT assay (mean ± SD, n = 3)

Group Concentration (μmol/L) Growth inhibition rate (%)

5 4.18 ± 0.02

10 10.24 ± 0.01a

20 25.09 ± 0.03a

40 35.59 ± 0.02a

Oxocrebanine

80 76.6 ± 0.02a

aP < 0.01 vs control.

Table 2 Proliferation level of Hep3B2.1-7 cells in BrdU assay (mean ± SD, n = 3)

Group Concentration (μmol/L) Proliferation rate (%)

0 102.6 ± 0.07

5 95.6 ± 0.04a

10 88.59 ± 0.05a

20 79.09 ± 0.02a

40 60.24 ± 0.02a

Oxocrebanine

80 37.18 ± 0.06a

aP < 0.01 vs control.

Figure 5 Hep3B2.1-7 cell viability and proliferation rate measured by MTT assay and BrdU test. A: Viability of cells treated with oxocrebanine and 
3-MA as demonstrated by MTT assat; B: Proliferation rate of cells treated with oxocrebanine and 3-MA. Data are shown as the mean ± SD. aP < 0.01 vs control; bP < 
0.01 vs oxocrebanine group (n = 3).

than that of the control group (Figure 7C). This indicates that oxocrebanine can reduce the proliferation of HCC cells in 
mice through apoptosis and autophagy. Mice in the control group died on days 24, 27, 37, 42, and 46 of treatment, whilst 
mice in the oxocrebanine group died on days 45 and 50. The remaining three mice survived for > 70 days. On day 42, the 
survival rate of mice in the oxocrebanine group was 100%, whilst the survival rate in the control group was 20% 
(Figure 7D). On day 46, the survival rate of mice in the oxocrebanine group was 60%, whilst the survival rate in the 
control group was 0%. The Kaplan-Meier survival curve demonstrated that oxocrebanine can significantly prolong the 
survival time of tumor-bearing nude mice (P < 0.01; Figure 7D).

DISCUSSION
Stephania hainanensis H.S. Lo et Y. Tsoong contains a notable concentration of aporphine alkaloids. Our previous research 
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Figure 6 Expression level of LC3 protein and phosphorylation levels of 4EBP1 and P70S6K in Hep3B2.1-7 cells. A: Western blot analysis of 
LC3-I and LC3-II protein levels in Hep3B2.1-7 cells after treatment with oxocrebanine. VP16 (32.54 μmol/L) was used as a control; B: Western blot analysis data 
indicated that the ratio of LC3-II to LC3-I protein expression was increased with oxocrebanine treatments compared with the control group. Compared with 
oxocrebanine alone, the LC3-II/LC3-I ratio in the 3-MA + oxocrebanine group was significantly decreased; C: Phosphorylation level of 4EBP1 protein in Hep3B2.1-7 
cells after treatment with oxocrebanine. VP16 (32.54 μmol/L) was used as a control; D: Western blot analysis data showed that the phosphorylation level of 4EBP1 
was downregulated by oxocrebanine treatments compared with the control group. Compared with oxocrebanine alone, the phosphorylation level of 4EBP1 in the 3-
MA + oxocrebanine group was significantly upregulated; E: Phosphorylation level of P70S6K in Hep3B2.1-7 cells after treatment with oxocrebanine. VP16 (32.54 
μmol/L) was used as a control; F: Western blot analysis data showed that the phosphorylation level of P70S6K protein was downregulated by oxocrebanine 
treatments. Compared with oxocrebanine alone, the phosphorylation level of P70S6K protein in the 3-MA + oxocrebanine group was significantly upregulated. Data 
are shown as the mean ± SD. aP < 0.01 vs control; bP < 0.01 vs oxocrebanine group (n = 3).

isolated the aporphine alkaloid oxocrebanine from Stephania hainanensis H.S. Lo et Y. Tsoong, with the molecular formula 
C20H21O5N and a molecular weight of 355.14, and demonstrated its promising antitumor activity[10,11]. The present 
study assessed the mechanism by which oxocrebanine inhibits the proliferation of HCC, a prevalent cancer type in 
tropical regions, such as Hainan Province, Leizhou Peninsula in Guangdong Province, and some areas in Guangxi 
Province. The results from the MTT, BrdU cell proliferation, and colony formation assays indicate that oxocrebanine 
effectively inhibits the growth and proliferation of Hep3B2.1-7 cells. The IC50 of oxocrebanine is slightly weaker than that 
of sorafenib, a targeted drug against HCC. However, sorafenib has cardiovascular toxicity and lead to adverse 
cardiovascular effects including hypertension, thromboembolism, cardiac ischemia, and left ventricular dysfunction. 
Unfortunately, the adverse cardiovascular effects caused by sorafenib not only affect solid tumor patients but also limit its 
application in curing other diseases[13]. Oxocrebanine has similar or slightly better activity compared with Chinese 
herbal ingredients with significant anti-HCC activity reported recently, such as ginsenosides[14], matrine[15], resveratrol
[16], and demethylzeylasteral[17]. The commonly used decoction of root tuber from Stephania hainanensis H.S. Lo et Y. 
Tsoong has been used to treat liver cancer and precancerous lesions in hospitals of Li Autonomous Prefecture, Hainan 
Province, China[18]. Previous research results[10] show that oxocrebanine has the characteristics of low toxicity and high 
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Figure 7 Inhibitory effect of oxocrebanine on growth of Hep3B2.1-7 cells in vivo. Hep3B2.1-7 cells were injected into the right flanks of Nu/Nu mice (5 
mice/group). When tumor volumes reached 50 mm3, mice were treated with indicated formulations every 3 days for 5 times. A: Tumor mass images of Hep3B2.1-7 
model mice at day 18; B: Tumor volumes at different time points; C: Apoptosis and LC3 expression in tumor xenografts detected by TUNEL and IHC, respectively; D: 
Survival curve. Data are shown as the mean ± SD; aP < 0.05 vs control; bP < 0.01 vs control.

efficiency, and has good application prospects. Animal tumor inhibition experiments showed that the body weight of the 
experimental animals in the oxocrebanine group was slightly reduced, though there was no significant difference 
compared to the control group, indicating that the toxicity of oxocrebanine is lower. Therefore, as a component of Li 
ethnomedicine, oxocrebanine has lower toxicity and side effects compared with chemotherapy drugs[19]. Apoptosis and 
autophagy are two critical cellular pathways that are involved in cell survival or death. The balance between apoptosis 
and autophagy maintains intracellular homeostasis, but the balance is often dysregulated in many cancers, including 
HCC[7]. Flow cytometry analysis revealed that oxocrebanine treatment promoted apoptosis in Hep3B2.1-7 cells, 
suggesting that the inhibition of cell growth and proliferation by oxocrebanine may be related to its induction of 
apoptosis. Further assessment using Western blotting revealed that oxocrebanine upregulated the expression of the 
cleaved caspase3 protein whilst downregulating PARP1. Additionally, oxocrebanine upregulated the pro-apoptotic 
proteins, Bax and Bak, and downregulated the anti-apoptotic proteins, Bcl-2 and Mcl-1, whilst increasing the ratio of Bcl-2 
to Bax. These findings suggest that oxocrebanine promotes apoptosis in Hep3B2.1-7 cells. Under several apoptotic stimuli, 
downstream effectors of p53, such as Bax and Bak, may activate the p53 pathway, increase Bax and Bak expression, and 
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Table 3 Proliferation level of Hep3B2.1-7 cells in plate colony formation assay (mean ± SD, n = 3)

Group Concentration (μmol/L) Proliferation rate (%)

Control - 100

VP16 32.54 49.76 ± 0.02a

25.45 76.30 ± 0.02a

50.89 51.74 ± 0.04a

Oxocrebanine

101.78 23.55 ± 0.03a

aP < 0.01 vs control.

Table 4 Apoptosis rate of Hep3B2.1-7 cells in different groups (mean ± SD, n = 3)

Group Concentration (μmol/L) Apoptosis rate (%)

Control - 22.40 ± 0.02

VP16 32.54 49.76 ± 0.02b

25.45 26.30 ± 0.02a

50.89 31.74 ± 0.04b

Oxocrebanine

101.78 53.55 ± 0.03b

aP < 0.05 vs control.
bP < 0.01 vs control.

Table 5 Hep3B2.1-7 cell viability and proliferation rate in MTT assay and BrdU test (mean ± SD, n = 3)

Group Cell viability (%) Proliferation rate (%)

Control 100 101.60 ± 0.07

3-MA 91.68 ± 0.04a 92.60 ± 0.03a

Oxo 48.56 ± 0.09a 60.22 ± 0.06a

Oxo + 3-MA 26.37 ± 0.05a,b 49.09 ± 0.05a,b

aP < 0.01 vs control.
bP < 0.01 vs oxocrebanine group.

enable their translocation to the cell membrane[20]. There, they can combine with Bcl-2 and Mcl-1, potentially increasing 
membrane permeability and facilitating the release of apoptosis-related factors, thus directly inducing apoptosis in HCC 
cells. On the other hand, the activation of the caspase pathway enables caspases to bind with PARP, further activating 
caspase 3 and promoting apoptosis in Hep3B2.1-7 cells[21]. Autophagy, which serves a major role in cell survival and 
tumor development, can inhibit or promote tumor proliferation[22]. It could inhibit the proliferation of cancer cells by 
eliminating tumorigenic protein substrates and damaging organelles[23]. The present study further demonstrated that the 
inhibitory effect of oxocrebanine on Hep3B2.1-7 cell proliferation may be related to the induction of protective autophagy 
in HCC cells through the addition of an autophagy inhibitor. The inhibition of autophagy markedly restored cell prolif-
eration in oxocrebanine-treated cells. These results indicated that oxocrebanine induced autophagy in Hep3B2.1-7 cells to 
inhibit the proliferation of cancer cells. LC3 is a marker of autophagy. During autophagy, cytoplasmic LC3 (LC3-I) 
undergoes enzymatic cleavage of a small peptide and is converted to membrane-bound LC3-II, indicated by a notable 
increase in LC3-II in autophagic cells. The LC3-II/LC3-I ratio is commonly used to observe autophagic activity[24,25]. The 
results of the present study suggest that oxocrebanine increases the LC3-II/LC3-I ratio, indicating an increase in the 
expression of autophagy marker proteins. However, the autophagy inhibitor 3-MA can reverse this process. The PI3K/
Akt/mTOR pathway is a critical signaling pathway in the regulation of autophagy. When inhibited, the phosphorylation 
of downstream effectors, 4EBP1 and P70S6K, decreases, inducing autophagy[26]. The present research also revealed that 
oxocrebanine significantly reduced the phosphorylation levels of 4EBP1 and P70S6K. This indicates that oxocrebanine, 
after acting on Hep3B2.1-7 cells, promotes the conversion of LC3-I to LC3-II, inhibits the phosphorylation of 4EBP1 and 
P70S6K proteins, and induces autophagy. We speculate that Beclin1, by activating PI3K, regulates the formation of 
autophagic vesicles, and then induces the lipidation of LC3-I to LC3-II, enabling its translocation to the autophagosome 
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membrane. The autophagosome expands and then induces autophagy in the HCC cells[27,28]. Additionally, oxocre-
banine may inhibit the Akt/mTOR signaling pathway, thus reducing the phosphorylation levels of its downstream 
effectors, 4EBP1 and P70S6K. The autophagy inhibitor 3-MA can reverse this process, further indicating that oxocrebanine 
can inhibit the proliferation of Hep3B2.1-7 cells through the autophagy pathway. Based on the in vitro experimental 
results, the present study assessed the anticancer effect and the mechanism of action of oxocrebanine in a subcutaneous 
transplantation tumor model of human Hep3B2.1-7 cells in nude mice. Oxocrebanine suppressed the growth of 
Hep3B2.1-7 cells in the tumor-bearing nude mice. The tumor volume of the oxocrebanine group markedly decreased 
compared with that of the mock-treated and control groups (P < 0.05 and P < 0.01, respectively). Apoptosis is a 
programmed cell death process, which serves an important role in maintaining the balance between tissues and organs
[29]. Most of the tumor tissue cells in the oxocrebanine-treated group underwent apoptosis that was detected using a 
TUNEL assay, revealing that the decrease in the viability of Hep3B2.1-7 cells was due to the induction of apoptosis. 
Immunohistochemical staining revealed that LC3 expression in the tumor tissue was reduced, which indicated that 
oxocrebanine significantly inhibited tumor growth by inducing cell autophagy. These results indicate that oxocrebanine 
inhibited tumor growth by inducing cell apoptosis and promoting cell autophagy in vivo, which are in line with those 
obtained in the cell experiments. In summary, the results of the present study demonstrate that oxocrebanine effectively 
inhibits the growth and proliferation of Hep3B2.1-7 cells. It upregulates the expression of cleaved caspase3, downreg-
ulates PARP1, upregulates Bax and Bak, and downregulates Bcl-2 and Mcl-1, leading to apoptosis in Hep3B2.1-7 cells and 
the inhibition of cell proliferation. The inhibition of Hep3B2.1-7 cell proliferation by oxocrebanine may be related to the 
induction of protective autophagy in HCC cells. Oxocrebanine also promotes the conversion of LC3-I to LC3-II in 
Hep3B2.1-7 cells, a process reversed by the autophagy inhibitor 3-MA, which reduces the phosphorylation levels of 
4EBP1 and P70S6K, induces autophagy, and thus inhibits cell growth. In addition, there was also an increase in the 
number of TUNEL positive cells, a marker for apoptosis induction, in the oxocrebanine group. Moreover, immunohisto-
chemistry revealed that the level of LC3 was markedly upregulated after the treatment with oxocrebanine. The present 
study revealed that oxocrebanine can inhibit the proliferation of HCC cells by promoting apoptosis and inducing 
autophagy both in vitro and in vivo. These findings raise the possibility of oxocrebanine as a potential new active 
ingredient of tephania hainanensis H.S. Lo et Y. Tsoong that has anti-HCC properties. However, additional studies are 
warranted to elucidate other molecular mechanisms which are responsible for the anticancer efficacy of oxocrebanine as a 
potent anticancer agent against HCC. The research findings may provide a drug option with improved efficacy and 
reduced toxicity for the clinical treatment of HCC.

CONCLUSION
In conclusion, oxocrebanine can inhibit the proliferation of human HCC cells by promoting apoptosis and inducing 
autophagy in vitro and in vivo.
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