
World Journal of
Gastrointestinal Oncology

ISSN 1948-5204 (online)

World J Gastrointest Oncol  2024 June 15; 16(6): 2264-2866

Published by Baishideng Publishing Group Inc



WJGO https://www.wjgnet.com I June 15, 2024 Volume 16 Issue 6

World Journal of 

Gastrointestinal 
OncologyW J G O

Contents Monthly Volume 16 Number 6 June 15, 2024

EDITORIAL

Dual primary gastric and colorectal cancer: The known hereditary causes and underlying mechanisms2264

Azer SA

Application of Fusobacterium nucleatum as a biomarker in gastrointestinal malignancies2271

Yu LC, Li YP, Xin YM, Mao M, Pan YX, Qu YX, Luo ZD, Zhang Y, Zhang X

T1 colorectal cancer management in the era of minimally invasive endoscopic resection2284

Jiang SX, Zarrin A, Shahidi N

Mixed neuroendocrine and adenocarcinoma of gastrointestinal tract: A complex diagnosis and therapeutic 
challenge

2295

Shenoy S

Advancements in breath-based diagnostics for pancreatic cancer: Current insights and future perspectives2300

Tez M, Şahingöz E, Martlı HF

Colorectal cancer and dormant metastases: Put to sleep or destroy?2304

Senchukova MA

REVIEW

Advances in targeted therapy for human epidermal growth factor receptor 2 positive in advanced gastric 
cancer

2318

Jiang YK, Li W, Qiu YY, Yue M

Research progress of ferroptosis regulating lipid peroxidation and metabolism in occurrence and 
development of primary liver cancer

2335

Shu YJ, Lao B, Qiu YY

Early monitoring values of oncogenic signalling molecules for hepatocellular carcinoma2350

Yao M, Fang RF, Xie Q, Xu M, Sai WL, Yao DF

MINIREVIEWS

Therapeutic strategies targeting the epidermal growth factor receptor signaling pathway in metastatic 
colorectal cancer

2362

Zhou Y, Wu S, Qu FJ

Predicting the prognosis of hepatic arterial infusion chemotherapy in hepatocellular carcinoma2380

Wang QF, Li ZW, Zhou HF, Zhu KZ, Wang YJ, Wang YQ, Zhang YW



WJGO https://www.wjgnet.com II June 15, 2024 Volume 16 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 6 June 15, 2024

Unraveling colorectal cancer prevention: The vitamin D - gut flora - immune system nexus2394

Zhan ZS, Zheng ZS, Shi J, Chen J, Wu SY, Zhang SY

ORIGINAL ARTICLE

Retrospective Cohort Study

Unveiling the secrets of gastrointestinal mucous adenocarcinoma survival after surgery with artificial 
intelligence: A population-based study

2404

Song J, Yan XX, Zhang FL, Lei YY, Ke ZY, Li F, Zhang K, He YQ, Li W, Li C, Pan YM

Analysis of metabolic characteristics of metabolic syndrome in elderly patients with gastric cancer by non-
targeted metabolomics

2419

Zhang H, Shen WB, Chen L

Retrospective Study

Predictive value of preoperative routine examination for the prognosis of patients with pT2N0M0 or 
pT3N0M0 colorectal cancer

2429

Jing PF, Chen J, Yu ED, Miao CY

Simplified liver imaging reporting and data system for the diagnosis of hepatocellular carcinoma on 
gadoxetic acid-enhanced magnetic resonance imaging

2439

Lyu R, Hu WJ, Wang D, Wang J, Ye YB, Jia KF

Efficacy comparison of fruquintinib, regorafenib monotherapy or plus programmed death-1 inhibitors for 
microsatellite stable metastatic colorectal cancer

2449

An TQ, Qiu H, Zhou QB, Zong H, Hu S, Lian YG, Zhao RH

Development of a diagnostic nomogram for alpha-fetoprotein-negative hepatocellular carcinoma based on 
serological biomarkers

2463

He L, Zhang C, Liu LL, Huang LP, Lu WJ, Zhang YY, Zou DY, Wang YF, Zhang Q, Yang XL

Drug-eluting bead transarterial chemoembolization as neoadjuvant therapy pre-liver transplantation for 
advanced-stage hepatocellular carcinoma

2476

Ye ZD, Zhuang L, Song MC, Yang Z, Zhang W, Zhang JF, Cao GH

Association between Helicobacter pylori infection, mismatch repair, HER2 and tumor-infiltrating 
lymphocytes in gastric cancer

2487

Castaneda CA, Castillo M, Bernabe LA, Sanchez J, Fassan M, Tello K, Wistuba II, Chavez Passiuri I, Ruiz E, Sanchez J, 
Barreda F, Valdivia D, Bazan Y, Abad-Licham M, Mengoa C, Fuentes H, Montenegro P, Poquioma E, Alatrista R, Flores 
CJ, Taxa L

Impact of baseline hepatitis B virus viral load on the long-term prognosis of advanced hepatocellular 
carcinoma treated with immunotherapy

2504

Pan D, Liu HN, Yao ZY, Chen XX, Li YQ, Zhu JJ, Han ZX, Qin XB

Prediction of pathological complete response and prognosis in locally advanced rectal cancer2520

Xu YJ, Tao D, Qin SB, Xu XY, Yang KW, Xing ZX, Zhou JY, Jiao Y, Wang LL



WJGO https://www.wjgnet.com III June 15, 2024 Volume 16 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 6 June 15, 2024

Observational Study

Extrahepatic cholestasis associated with paracoccidioidomycosis: Challenges in the differential diagnosis 
of biliopancreatic neoplasia

2531

dos Santos JS, de Moura Arrais V, Rosseto Ferreira WJ, Ribeiro Correa Filho R, Brunaldi MO, Kemp R, Sankanrakutty AK, 
Elias Junior J, Bellissimo-Rodrigues F, Martinez R, Zangiacomi Martinez E, Ardengh JC

Clinical and Translational Research

Development of a novel staging classification for Siewert II adenocarcinoma of the esophagogastric 
junction after neoadjuvant chemotherapy

2541

Zhang J, Liu H, Yu H, Xu WX

N6-methyladenosine methylation regulates the tumor microenvironment of Epstein-Barr virus-associated 
gastric cancer

2555

Zhang Y, Zhou F, Zhang MY, Feng LN, Guan JL, Dong RN, Huang YJ, Xia SH, Liao JZ, Zhao K

Hepatocellular carcinoma: An analysis of the expression status of stress granules and their prognostic 
value

2571

Ren QS, Sun Q, Cheng SQ, Du LM, Guo PX

Comprehensive analysis of clinical and biological value of ING family genes in liver cancer2592

Liu SC

Epidemiology and prognostic nomogram for locally advanced gastric signet ring cell carcinoma: A 
population-based study

2610

Yu ZH, Zhang LM, Dai ZQ, Zhang MN, Zheng SM

Socioeconomic traits and the risk of Barrett’s esophagus and gastroesophageal reflux disease: A Mendelian 
randomization study

2631

Liu YX, Bin CL, Zhang L, Yang WT, An BP

Basic Study

Complement factor I knockdown inhibits colon cancer development by affecting Wnt/β-catenin/c-Myc 

signaling pathway and glycolysis

2646

Du YJ, Jiang Y, Hou YM, Shi YB

Fine-needle aspiration technique under endoscopic ultrasound guidance: A technical approach for RNA 
profiling of pancreatic neoplasms

2663

Seyfedinova SS, Freylikhman OA, Sokolnikova PS, Samochernykh KA, Kostareva AA, Kalinina OV, Solonitsyn EG

Comprehensive analysis of gene mutations and mismatch repair in Chinese colorectal cancer patients2673

Chen H, Jiang RY, Hua Z, Wang XW, Shi XL, Wang Y, Feng QQ, Luo J, Ning W, Shi YF, Zhang DK, Wang B, Jie JZ, Zhong 
DR

Action of circulating and infiltrating B cells in the immune microenvironment of colorectal cancer by 
single-cell sequencing analysis

2683

Zhang JP, Yan BZ, Liu J, Wang W



WJGO https://www.wjgnet.com IX June 15, 2024 Volume 16 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 6 June 15, 2024

Bidirectional effects of the tryptophan metabolite indole-3-acetaldehyde on colorectal cancer2697

Dai Z, Deng KL, Wang XM, Yang DX, Tang CL, Zhou YP

Sm-like 5 knockdown inhibits proliferation and promotes apoptosis of colon cancer cells by upregulating 
p53, CDKN1A and TNFRSF10B

2716

Mo CJ, Deng XY, Ma RL, Zhu K, Shi L, Li K

Shi-pi-xiao-ji formula suppresses hepatocellular carcinoma by reducing cellular stiffness through upregu-
lation of acetyl-coA acetyltransferase 1

2727

Jian HY, Liang ZC, Wen H, Zhang Z, Zeng PH

Aspirin suppresses hepatocellular carcinoma progression by inhibiting platelet activity2742

Zhao LJ, Wang ZY, Liu WT, Yu LL, Qi HN, Ren J, Zhang CG

Circ_0004592: An auxiliary diagnostic biomarker for gastric cancer2757

Kong S, Xu YH, Zheng M, Ju SQ, Shi HC

N-glycosylation of Wnt3 regulates the progression of hepatocellular carcinoma by affecting Wnt/β-catenin 

signal pathway

2769

Zhang XZ, Mo XC, Wang ZT, Sun R, Sun DQ

SYSTEMATIC REVIEWS

Ferroptosis regulating lipid peroxidation metabolism in the occurrence and development of gastric cancer2781

Wang LM, Zhang WW, Qiu YY, Wang F

META-ANALYSIS

Meta-analysis of transarterial chemoembolization combined with cryoablation vs transarterial chemoem-
bolization alone for ≥ 5 cm hepatocellular carcinoma

2793

Cheng JF, Sun QL, Tang L, Xu XJ, Huang XZ

Dynamic contrast enhanced ultrasound in differential diagnosis of hepatocellular carcinoma: A systematic 
review and meta-analysis

2804

Esposto G, Santini P, Termite F, Galasso L, Mignini I, Ainora ME, Gasbarrini A, Zocco MA

Correlation analysis of interstitial maturity and prognosis of colorectal cancer: Meta-analysis2816

Liu ZJ, Zhang XW, Liu QQ, Wang SZ

SCIENTOMETRICS

Visualization analysis of research hotspots and trends on gastrointestinal tumor organoids2826

Wang G, Liu T, He WT

Trends and hotspots in gastrointestinal neoplasms risk assessment: A bibliometric analysis from 1984 to 
2022

2842

Fu QQ, Ma L, Niu XM, Zhao HX, Ge XH, Jin H, Yu DH, Yang S



WJGO https://www.wjgnet.com X June 15, 2024 Volume 16 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 6 June 15, 2024

LETTER TO THE EDITOR

New perspectives in prognostication of hepatocellular carcinoma: The role and clinical implications of 
transient receptor potential family genes

2862

Guan SH, Hu WJ, Wang XY, Gu YX, Zhou DH

RETRACTION NOTE

Retraction note to: RNA-binding protein CPSF6 regulates IBSP to affect pyroptosis in gastric cancer2865

Wang XJ, Liu Y, Ke B, Zhang L, Liang H



WJGO https://www.wjgnet.com XI June 15, 2024 Volume 16 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 6 June 15, 2024

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Samy Azer, FACG, MD, PhD, Professor, 
Department of Medical Education, King Saud University College of Medicine, Riyadh 11461, Saudi Arabia. 
azer2000@optusnet.com.au

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 2023 edition of Journal Citation 
Reports® cites the 2022 impact factor (IF) for WJGO as 3.0; IF without journal self cites: 2.9; 5-year IF: 3.0; Journal 
Citation Indicator: 0.49; Ranking: 157 among 241 journals in oncology; Quartile category: Q3; Ranking: 58 among 93 
journals in gastroenterology and hepatology; and Quartile category: Q3. The WJGO’s CiteScore for 2023 is 4.2 and 
Scopus CiteScore rank 2023: Gastroenterology is 80/167; Oncology is 196/404.

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, Florin Burada 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, 2024 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2024 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 2335 June 15, 2024 Volume 16 Issue 6

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2024 June 15; 16(6): 2335-2349

DOI: 10.4251/wjgo.v16.i6.2335 ISSN 1948-5204 (online)

REVIEW

Research progress of ferroptosis regulating lipid peroxidation and 
metabolism in occurrence and development of primary liver cancer

Yu-Jie Shu, Bo Lao, Ying-Yang Qiu

Specialty type: Research and 
experimental medicine

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

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification

P-Reviewer: Su C, China

Received: December 12, 2023 
Revised: March 6, 2024 
Accepted: April 11, 2024 
Published online: June 15, 2024

Yu-Jie Shu, Bo Lao, Department of Gastroenterology, Yinzhou District Second Hospital, Ningbo 
315199, Zhejiang Province, China

Ying-Yang Qiu, Yong Loo Lin School of Medicine, National University of Singapore, Singapore 
119077, Singapore

Corresponding author: Yu-Jie Shu, MD, Doctor, Department of Gastroenterology, Yinzhou 
District Second Hospital, No. 1 Qianhe Road, Yinzhou Central District, Ningbo 315199, 
Zhejiang Province, China. 13738837696@163.com

Abstract
As a highly aggressive tumor, the pathophysiological mechanism of primary liver 
cancer has attracted much attention. In recent years, factors such as ferroptosis 
regulation, lipid peroxidation and metabolic abnormalities have emerged in the 
study of liver cancer, providing a new perspective for understanding the deve-
lopment of liver cancer. Ferroptosis regulation, lipid peroxidation and metabolic 
abnormalities play important roles in the occurrence and development of liver 
cancer. The regulation of ferroptosis is involved in apoptosis and necrosis, 
affecting cell survival and death. Lipid peroxidation promotes oxidative damage 
and promotes the invasion of liver cancer cells. Metabolic abnormalities, 
especially the disorders of glucose and lipid metabolism, directly affect the prolif-
eration and growth of liver cancer cells. Studies of ferroptosis regulation and lipid 
peroxidation may help to discover new therapeutic targets and improve 
therapeutic outcomes. The understanding of metabolic abnormalities can provide 
new ideas for the prevention of liver cancer, and reduce the risk of disease by 
adjusting the metabolic process. This review focuses on the key roles of 
ferroptosis regulation, lipid peroxidation and metabolic abnormalities in this 
process.

Key Words: Ferroptosis; Lipid peroxidation; Primary liver cancer; Lipid metabolism; 
Review
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Core Tip: As a highly aggressive tumor, the pathophysiological mechanism of primary liver cancer has attracted much 
attention. In recent years, factors such as ferroptosis regulation, lipid peroxidation and metabolic abnormalities have emerged 
in the study of liver cancer, providing a new perspective for understanding the development of liver cancer. Ferroptosis 
regulation, lipid peroxidation and metabolic abnormalities play important roles in the occurrence and development of liver 
cancer. The regulation of ferroptosis is involved in apoptosis and necrosis, affecting cell survival and death. Lipid 
peroxidation promotes oxidative damage and promotes the invasion of liver cancer cells.
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INTRODUCTION
Liver cancer is a kind of malignant tumor which threatens human health seriously[1]. Its highly invasive and high 
incidence has become a global public health problem[2-4]. According to the World Health Organization, liver cancer is 
the fourth leading cause of cancer death worldwide, killing hundreds of thousands of people each year. In China, the 
prevalence and death rate of liver cancer are also high, ranking first among all types of cancer[5]. Because the early 
symptoms of liver cancer are not obvious and are often ignored, most patients are already in the advanced stage when 
diagnosed, and the treatment effect is not good. Therefore, in-depth study of the pathogenesis of liver cancer and search 
for new therapeutic targets and prevention strategies are crucial to reduce the incidence of liver cancer and improve the 
survival rate of patients[6-8]. The pathogenesis of liver cancer is extremely complex, involving the combined effects of 
many factors, including viral infection, alcohol abuse, fatty liver, genetic factors, etc[9]. In recent years, studies have 
shown that ferroptosis regulation and abnormal lipid metabolism play an important role in the occurrence and 
development of liver cancer, which has attracted wide attention[10-12].

Ferroptosis regulation is a cellular response to iron homeostasis, involving the accumulation and regulation of iron 
ions in the cell. Excessive iron accumulation can cause oxidative stress, damage cell structure and function, and 
eventually lead to cell death. Recent studies[13-15] have shown that ferroptosis regulation is closely related to the 
occurrence and development of liver cancer. Ferroptosis regulation may play a key role in the proliferation and invasion 
of liver cancer cells by regulating cell survival and death processes[16]. Therefore, in-depth study of the mechanism of 
ferroptosis regulation in liver cancer is expected to provide new targets and strategies for the treatment of liver cancer. 
On the other hand, abnormal lipid metabolism is also closely related to liver cancer. The liver is an important organ of 
lipid metabolism in the body, and abnormal lipid metabolism may lead to fatty liver, thus increasing the risk of liver 
cancer[17-19]. In addition, the oxygen free radicals produced by lipid peroxidation can lead to oxidative damage of cell 
membrane and further promote the invasion and metastasis of liver cancer cells. Therefore, the study of the relationship 
between abnormal lipid metabolism and liver cancer is helpful to reveal the pathogenesis of liver cancer and provide new 
ideas for the prevention and treatment of liver cancer[20]. Research progress at home and abroad shows that ferroptosis 
regulation and abnormal lipid metabolism have attracted wide attention in the field of liver cancer[21-23]. Internationally, 
many research groups are exploring the specific mechanisms of ferroptosis regulation and lipid metabolism in liver 
cancer, searching for relevant signaling pathways, and developing corresponding drug targets[24-26]. Domestic research 
has also achieved a series of important results in this field, which provides strong support for the research of liver cancer
[27-30].

The purpose of this study was to investigate the relationship between ferroptosis regulation and abnormal lipid 
metabolism and liver cancer, reveal its mechanism of action, and provide a new theoretical basis for the treatment and 
prevention of liver cancer. Through in-depth study of these factors, it is expected to provide more effective strategies for 
the early diagnosis, treatment and prevention of liver cancer, and ultimately improve the quality of life and prognosis of 
patients.

THE MECHANISM OF FERROPTOSIS
Definition and mechanism of ferroptosis
Ferroptosis is an iron-dependent regulatory mode of cell death caused by the accumulation of lipid peroxidation products 
and reactive oxygen species (ROS)[31]. Ferroptosis is different from other cell death modes (apoptosis, necrosis, etc.) in 
terms of morphology, biochemical characteristics and regulatory mechanisms (Table 1). The cell membrane did not break 
and typical apoptotic bodies appeared in the cell during apoptosis. Cell necrosis was characterized by cell swelling, 
nucleus concentration, fragmentation, dissolution, chromatin staining, flocculation, and organelle expansion or 
fragmentation. In ferroptosis, there were no typical cell apoptosis and necrosis, and the main manifestations were cell 
membrane rupture and vesiculation, mitochondrial atrophy, increased membrane density, decreased ridge, and lack of 
chromatin agglutination in the nucleus[32-35]. Biochemical characteristics and regulatory mechanisms. The apoptosis 
process mainly depends on cysteinyl aspartate specific proteinase (Caspase) containing cysteine[36]. During apoptosis, 

https://www.wjgnet.com/1948-5204/full/v16/i6/2335.htm
https://dx.doi.org/10.4251/wjgo.v16.i6.2335
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Table 1 Comparison of three types of cell death

Cellular change Apoptosis Necrosis Ferroptosis

Origin Physiological or pathological signal 
stimulation

Pathological changes or severe 
injury

Accumulation of iron-dependent lipid 
peroxides

Cell morphology Cell shrinkage Increased cell volume Cell shrinkage

Cell membrane 
morphology

Integrity Loss of membrane integrity Breakage and bubble

Chromatin morphology Nuclear chromatin condensation No agglutination but flocculation No agglutination

Organelle morphology No significant change Swelling and breakage Increased mitochondrial membrane density

Apoptotic body Existence Inexistence Inexistence

Change in DNA Regular degradation and DNA ladder lrregular degradation and DNA 
smear

No significant change

Inflammatory response Existence Inexistence Inexistence

Molecular mechanism Dependence of Caspase Dependence of RIPK3 Dependence of ROS and Fe

ROS: Reactive oxygen species; RIPK3: Receptor interacting protein kinase 3.

cytoplasmic Ca2+ and pH levels increase, and the activation of endonuclease leads to the fragmentation of nuclear DNA. 
Membrane phosphatidylserine ectropion, mitochondrial membrane potential decreased, permeability increased[37]. Cell 
necrosis induced locally severe inflammatory responses associated with a variety of signaling pathways, such as receptor 
interacting protein kinase 3. When iron died, Fe2+ aggregated, lipid peroxidation level increased significantly, ROS 
increased, cysteine uptake decreased, glutathione (GSH) was depleted, and arachidonic acid and other mediators were 
released. The essence of ferroptosis is the disturbance of Fe2+ accumulation and cell REDOX metabolism, that is, the 
decrease of cell antioxidant capacity, the accumulation of ROS and lipid peroxidation products in the cell, which can’t be 
reduced, and then induce cell death[38-40]. There was no crossover with the mechanism of apoptosis and necrosis, and 
the small molecules that inhibited apoptosis and necrosis had no inhibitory effect on ferroptosis.

The mechanism of ferroptosis
More and more studies have proved that iron metabolism disorder and ROS accumulation are important initiating factors 
of ferroptosis under different pathophysiological conditions.

Iron metabolism disorder
The ROS accumulated during cell metabolism were mainly superoxide radical anion (O2-) and hydrogen peroxide (H2O2). 
Under the action of free Fe2+, it is converted into hydroxyl free radical (HO-), which further oxidizes macromolecules, 
especially lipid molecules such as polyunsaturated fatty acids (PUFAs), PUFAs, and generates lipid peroxides[41-43]. 
These reactions involving iron and generating hydroxyl or alkoxy radicals (RO-) are known as Fenton reactions. Once a 
large amount of lipid peroxidation products in cells are accumulated and can not be removed in time, it will cause 
oxidative damage to DNA, proteins and cell membranes, and eventually lead to cell ferroptosis[44]. It has also been 
shown that exogenous Fe2+ intake can aggravate ferroptosis induced by ferroptosis inducer erastin, while other bivalent 
metal ions do not aggravate the effect. Iron responsive element binding protein 2 (IREB2); [IREB2; Also known as iron 
regulatory protein 2 (IRP2)], mainly through the IRE-Responsive element-IRP system to regulate iron metabolism related 
genes after transcription[45]. It is an important protein that mediates erastin and causes ferroptosis in human 
fibrosarcoma cells HT-1080 and Calu-1[46-48]. In addition, another study found that phosphorylase kinase catalytic 
subunit γ2 (PHKG2) can positively regulate ferroptosis by regulating the content of free Fe2+, while inhibiting PHKG2 
expression can play a role in iron chelation[49]. However, the mechanism of PHKG2 regulating iron metabolism is still 
unclear and needs further study.

ROS accumulation
Under normal circumstances, lipoxygenase (LOXs) can catalyze the double oxygenation of membrane lipid PUFAs to 
produce fatty acid peroxides, which are then transformed into fatty acid alcohols under the guidance of glutathione 
peroxidase 4 (GPX4)[50]. However, when GPX4 is inactivated, the above process is blocked, and a large number of ROS in 
the cell can react with the membrane lipid PUFAs on Fenton, resulting in cell membrane damage and triggering 
ferroptosis. Therefore, the large accumulation of lipid ROS is one of the important factors driving ferroptosis. It has been 
found that inhibiting 5-LOX can inhibit the occurrence of ferroptosis and reduce the oxidative damage of the nervous 
system induced by glutamate[51-53]. Other studies have found that cells can take cystine from extracellular to produce 
cysteine through the cystine/glutamate antiporter system and then synthesize GSH. GPX4 can exert phospholipid 
peroxidase activity in the presence of GSH to catalyze the reduction of lipid peroxides[54]. Therefore, small molecule 
inhibition of system Xc- can lead to GSH depletion and indirectly inactivate GPX4, thereby increasing ROS levels and 
ultimately leading to accumulation of lipid peroxidation products and triggering ferroptosis. In addition, it has been 
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suggested that overexpression of GPX4 can significantly inhibit the occurrence of ferroptosis in cells. In addition, voltage-
dependent anion channels (VDACs) located in the outer membrane of the mitochondria, which are transmembrane 
channels that transport ions and metabolites between the cytoplasm and mitochondria, also play an important regulatory 
role in ferroptosis[55]. It has been found that erastin can be used as an antagonist of VDACs tubulin to remove the 
inhibition of VDACs by tubulin, thereby promoting the release of a large amount of oxides, leading to ROS dependent 
mitochondrial dysfunction, biological energy failure and ferroptosis. VDAC2/3 knockdown decreased the incidence of 
Erastin-induced ferroptosis[56]. During erastin induced ferroptosis in melanoma cells, upregulation and activation of E3-
ligase Nedd4 can promote ubiquitination degradation of VDAC2/3, thereby inhibiting ferroptosis. It is found that 
Nedd4-VDAC2/3 is an important negative feedback signaling pathway in erastin induced ferroptosis (Figure 1).

Inducers and inhibitors of ferroptosis
Since iron metabolism and lipid peroxidation are central links in ferroptosis, molecules that affect iron metabolism and 
lipid peroxidation to cause ROS accumulation can be considered as inducers or inhibitors of ferroptosis[57]. Studies[58-
60] have shown that inducers of ferroptosis include system Xc- inhibitors that indirectly inhibit GPX4, such as erastin, 
sulfasalazine, sorafenib and L-glutamate, And rats arcomaviral oncogene selective lethal protein 3 (RSL3), Molecular 
Libraries 162, altretamine and FIN56, which directly inhibit GPX4. A recent study indicated that ferroptosis suppressor 
protein 1 (FSP1) is a key component of the ubiquinone (CoQ10) antioxidant system, and therefore small molecule 
inhibitors of FSP1 can also induce ferroptosis by inhibiting lipid peroxidation[61]. Common ferroptosis inhibitors include 
ROS inhibition (Fer-1), deferriamine inhibition of Fenton reaction, β-mercaptoethanol activation of system Xc-, and 
cypirox, an intracellular iron chelating agent[62-64]. In addition, other studies have found that acyl-CoA synthetase long 
chain family members 4 (ACSL4), lysophosphatidylcholine acyltransferase 3 and LOXs participate in fatty acid 
metabolism and catalyze PUFAs to double oxygenation during ferroptosis. It also plays an important role in ferroptosis 
induced by GPX4 inactivation.

MECHANISM OF FERROPTOSIS IN PRIMARY LIVER CANCER
Studies have shown that erastin, an ferroptosis inducer, can significantly inhibit the expression of GA-binding protein 
transcription factor subunit 1 (GABPB1) protein in hepatocellular carcinoma (HCC) cells, thus inhibiting the expression of 
peroxidase gene, resulting in continuous accumulation of intracellular ROS and malondialdehyde (MDA), leading to cell 
death[65]. Therefore, GABPB1 may be a key molecule mediating Erastin-induced ferroptosis in HCC cells. In addition, the 
expression of long-chain acyl-CoA synthetase 3 (ACSL3) and ACSL4 was found to be significantly upregulated in liver 
cancer cells, and ACSL4 may play A role in Erastin-induced ferroptosis through 5-hydroxyeicosatetraenoic acid mediated 
lipid toxicity. Sorafenib is currently the only anti-cancer drug that can treat liver cancer by inducing ferroptosis, but its 
resistance will greatly affect its therapeutic effect. Other studies have shown that inhibition of metallothionein 1G (MT1G) 
and oxidative stress-related protein sigma 1 receptor (S1R) can improve the resistance of HCC cells to sorafenib by 
inducing ferroptosis. It has also been reported that sorafenib can enhance the sensitivity of HCC cells to ferroptosis by 
down-regulating the expression of retinoblastoma (Rb) protein, thus enhancing its anticancer effect. A recent study 
demonstrated that ceruloplasmin (CP) inhibits ferroptosis by regulating iron homeostasis in HCC cells, and inhibition of 
CP significantly increases intracellular accumulation of Fe2+ and ROS, thereby promoting erastin and RSL3- induced 
ferroptosis in HCC cells[66]. Therefore, the combination of drugs in patients with liver cancer may solve part of the 
problem of drug resistance, thereby improving its clinical effectiveness. At the same time, nanoparticle drugs also provide 
a new direction for in-situ induction of ferroptosis in liver cancer cells. Literature reports have shown that manganese-
silica nanoparticles can induce ferroptosis in tumor cells by rapidly depleting intracellular GSH. Nanoparticles 
reconstituted from low-density lipoprotein-docosahexaenoic acid (L-DHA) can increase lipid peroxidation level, decrease 
GSH level and inhibit GPX4 function in liver cancer cells, thus inducing ferroptosis to kill liver cancer cells and inhibit the 
growth of in-situ liver tumors in rats[67-69]. Therefore, inducing ferroptosis of liver cancer cells may be a new direction 
for specific treatment of liver cancer in the future.

Ferroptosis in hepatocellular cancer cells is divided into two categories, one related to iron metabolism and the other 
related to lipid metabolism. Pioglitazone can reduce Erastin induced lipid peroxidation and ferroptosis in liver cancer 
cells by stabilizing iron-sulfur domains and inhibiting iron absorption by mitochondria. Desferriamine can affect the iron 
metabolism of HCC cells, inhibit the oxidative stress induced by sorafenib, and counteract the cytotoxic effect of sorafenib 
on HCC cells. In addition, in the process of sorafenib induced cell death, haloperidol can significantly increase the content 
of Fe2+ and GSH in the cells, as well as the level of ROS, and enhance the toxic effect of sorafenib on liver cancer cells. In 
addition to iron metabolism, lipid metabolism also plays an important role in ferroptosis in HCC[70]. In rat HCC models 
and mouse HCC cell lines, low-density lipoprotein docosahexaenoic acid induced ferroptosis of HCC cells by directly 
degrading GPX4, consuming GSH and promoting lipid peroxidation. As a negative regulator, MT1 down-regulation can 
increase GSH consumption and lipid peroxide production, accelerate sorafenib induced cancer cell death, and enhance 
the anticancer activity of sorafenib in subcutaneous transplanted tumor models[71]. Similar negative regulators of 
ferroptosis include Rb protein, nuclear factor erythrocyte 2-associated factor 2, p53, and inhibiting their expression can 
increase the efficacy of sorafenib and reduce the drug resistance of HCC cells. These molecules may be potential 
therapeutic targets for overcoming sorafenib resistance in human hepatocellular cancer cells.
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Figure 1 Iron metabolism and ferroptosis. Created with BioRender.com. TF: Tissue Factor; LTF: Lactoferrin; TFRC: Transferrin receptor; HB: Hemoglobin; 
HP: Haptoglobin; HPX: Hemopexin; LRP: Lipoprotein receptor protein; HAMP: Human hepcidin; CP: Ceruloplasmin; CAT: Catalase; ETC: Extracellular tissue; PCBP: 
Poly(rC)-Binding Protein; POR: P450 Oxidoreductase; NOXs: NADPH Oxidases; XDH: Xanthine dehydrogenase; ALOXs: Arachidonate lipoxygenases; LIP: 
Lymphocyte inhibitor peptide.

REGULATORY FACTORS INVOLVED IN FERROPTOSIS OF LIVER CANCER
Several regulators of ferroptosis have recently been identified in cancer cells. For example, GPX4, a unique member of 
selenium-dependent GSH peroxidase in mammals, plays a key role in inhibiting the production of lipid ROS during 
ferroptosis. Heat shock protein beta-1, a member of the chaperone molecule, regulates the dynamics of actin filaments 
and reduces iron absorption, thus promoting ferroptosis[72]. p53 was found to be a positive regulator of ferroptosis by 
inhibiting the expression of SLC7A11. It is known that the occurrence and development of liver cancer is regulated by a 
variety of cellular components and intracellular signaling pathways, but the detailed signal transduction pathways and 
key transcriptional regulatory factors related to ferroptosis in liver cancer are still under investigation[73]. Ferroptosis has 
shown great promise in the treatment of cancer, especially liver cancer.

Activation of the P62-Keap1-Nucleotide erythroid 2 phase related nucleotide 2 pathway inhibits ferroptosis in HCC 
cells
Nucleotide erythroid 2 phase related nucleotide 2 (NRF2) is a key regulator of antioxidant reaction. Under unstressed 
conditions, low levels of NRF2 are maintained primarily by proteasomal degradation mediated by Kelch-like ECH 
associated egg White 1 (Keap1)[74]. Affected by the type and stage of cancer, NRF2 plays a dual role in the prevention or 
treatment of cancer. For example, NRF2 prevents the development of carcinogenic processes mediated by chemical 
carcinogens or oncogenes; however, if the cancer has been transformed, NRF2 will accelerate the progression of cancer. 
Overexpression of NRF2 inhibits apoptosis and promotes chemical resistance in several cancers. The p62-Keap1-NRF2 
pathway has been shown to play a central role in protecting liver cancer cells from ferroptosis by upregulating several 
fundamental factors involved in iron and ROS metabolism [quinoneoxydegenase 1 (NQO1), heme oxygenase 1 (HO1), 
and ferritin heavy chain 1 (FTH1)]. When exposed to compounds that induce ferroptosis, such as erastin, Sorafenib, and 
butylthiionine sulfoxide, p62 expression prevents NRF2 degradation and enhances subsequent NRF2 nuclear accumu-
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lation. In addition, nuclear NRF2 interacts with the transcriptional coactivator small v-maf to activate the transcription of 
NQO1, HO1 and FTH1[75-77]. Because knockdowns of NQO1, HO1, and FTH1 inhibit the growth of liver cancer cells 
after ferroptosis, these NRF2 target groups are negative regulators of ferroptosis. Because Knockdowns of p62, NQO1, 
HO1 and FTH1 in HCC cells promoted erastin and sorafenib induced ferroptosis. Meanwhile, gene or drug inhibition of 
NRF2 expression/activity in HCC cells enhanced the anticancer activity of erastin and Sorafenib in vitro and xenograft 
tumor models. All these confirm that NRF2 status is one of the key factors in determining the response of liver cancer 
cells to ferroptosis targeted therapy[78]. The functional characteristics of P62-Keap1-NRF2 pathway in ferroptosis may 
provide a new idea for the treatment of liver cancer (Figure 2).

Protective effect of S1R on ferroptosis in HCC cells
S1R is a non-opioid receptor protein. In addition to the central nervous system, S1R is also found in liver, pancreas, and 
cancer cells. Recent studies have reported that S1R may inhibit ROS production in many organs by activating antioxidant 
response elements and reducing oxidized GSH and glutamate. Previous studies have shown that S1R regulates ROS by 
regulating the NRF2-Keap1 pathway and the cysteine/glutamate reverse exchange Xc-system, both of which are critical 
for ferroptosis. Studies[79-81] have confirmed that inhibiting S1R can regulate GPX4, iron metabolism and ROS accumu-
lation, and can significantly block the increase of FTH1 and TFR1 induced by erastin and Sorafenib, suggesting that S1R 
negatively regulates iron metabolism to prevent ROS accumulation. Inhibition of S1R was found to enhance the 
anticancer effect of sorafenib on HCC cells in vitro and in vivo. In addition to causing the accumulation of ROS, iron 
overload in the liver is also a carcinogenic factor that regulates the immune system[82]. Therefore, iron may also play a 
dual role in liver cancer development and cancer cell death.

MicroRNA-214-3p targets ATF4 in liver cancer cells to enhance erastin induced ferroptosis
Micrornas are 18 to 24 nucleotides long and endogenous non-coding RNA molecules that regulate gene expression by 
destabilizing messenger RNA (mRNA) and/or inhibiting translation[83]. MiR-214 targets multiple genes, including 
Cateninβ1, hepatocarcino-derived growth factor, and Twist, to play an antitumor role in human liver cancer. ATF4 is an 
important factor in endoplasmic reticulum stress and has been shown to be a negative regulator of ferroptosis. Therefore, 
the deletion of ATF4 may make cancer cells vulnerable to ferroptosis. miR-214-3p is the upstream regulator of ATF4[84]. 
The effect of miR-214 on ferroptosis was investigated in two liver cancer cell lines. In vitro, they treated HepG2 and 
Hep3B cells with erastin (Ferroptosis inducer) to stably overexpress miR-214, and found that miR-214 enhanced Erastin-
induced lipid oxidation of hepatoma cells, promoted the occurrence of ferroptosis and inhibited the expression of ATF4. 
In vivo, they administered erastin to nude mice with Hep3B xenografted tumors and found that miR-214 reduced tumor 
growth and reduced ATF4 expression in Erastin-treated nude mice[85]. They confirmed that the role of miR-214 in 
promoting ferroptosis in liver cancer cells is at least attributable to its inhibitory effect on ATF4.

Long-chain non-coding RNAs-GABPB1-AS1 and GABPB1 regulate oxidative stress during erastin induced ferroptosis 
in HepG2 cells
Few studies have investigated the use of long-chain non-coding RNAs (lncRNAs) in cell oxygenation response segments, 
especially in siderosis. The dependence of iron on ferroptosis suggests that peroxidase inactivation may be an important 
event in ferroptosis. Peroxidase prevents hydrogen peroxide from producing hydroxyl radicals in the presence of iron 
ions, thereby preventing ROS accumulation[86]. NRF2 is known to have three subunits (α, β and γ), and GABPB1 is the 
active subunit of NRF2. GABPB1 forms a tetramer complex with the alpha subunit and stimulates transcription of various 
genes, including the antioxidant gene peroxisase-5 (PRDX5). LncRNA GABPB1-AS1 is the antisense RNA of GABPB1 
mRNA. Research[24] proved that erastin regulates lncRNAGABPB1-AS1, and the latter down-regulates GABPB1 protein 
level by blocking GABPB1 translation, leading to downregulation of PRDX5 gene, and ultimately inhibits the antioxidant 
capacity of cells. ROS and MDA accumulation and HepG2 cell death were induced[87]. The study also found that high 
expression levels of GABPB1 were associated with poor prognosis in HCC patients, while high levels of GABPB1-AS1 in 
liver cancer patients were associated with improved overall survival. These findings reveal that GABPB1-AS1 may be a 
key molecule in erastin induced ferroptosis of HCC cells, and enrich the understanding of lncRNA regulation of oxidative 
stress.

FERROPTOSIS IS INVOLVED IN THE TREATMENT OF LIVER CANCER
In patients with advanced liver cancer, neither surgical nor non-surgical treatment has achieved satisfactory results. Of 
several targeted agents, only sorafenib and regorafenib have been shown to successfully extend survival in HCC patients
[88]. Sorafenib, a multikinase inhibitor, is the first systemic therapy to improve HCC survival, and oral sorafenib has 
become the standard treatment approved by the United States Food and Drug Administration for patients with 
unresectable HCC. It can inhibit the proliferation and angiogenesis of tumor cells and promote the apoptosis of various 
tumor cells[89]. More recently, it has been suggested that Sorafenib may block the Xc transport system, thereby inhibiting 
the synthesis of GSH, by a mechanism similar to erastin. Subsequently, other research teams have also shown that 
sorafenib can induce ferroptosis in cancer cells (Figure 3).

Ferroptosis of HCC cells was induced by endogenous pathway
Sorafenib induces ferroptosis in HCC cells: The mechanism of sorafenib's toxic action on HCC cells has been prelim-
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Figure 2 Anti-liver cancer therapy by targeting ferroptosis. Created with BioRender.com. FAT: Fatty acid translocase; FATP: Fatty acid transport protein; 
AA: Amino acid; RAS: Rats arcomaviral oncogene; NAPDH: Nicotinamide adenine dinucleotide phosphate hydrogen; ROS: Reactive oxygen species; RAF: Rapidly 
accelerated fibrosarcoma; GSH: Glutathione.

Figure 3 The mechanisms of cell death including apoptosis, necrosis, autophagy and ferroptosisin in hepatocellular carcinoma. Created 
with BioRender.com. GED: Gas electron detector; BCL: B-Cell lymphoma; APAF: Apoptotic protease-activating factor; CNX: Calnexin; CLP: Caudal-like protein; 
CAPN: Calpain; TRA: Tumor-related antigen; ASP: Asparaginase; HLH: Hemophagocytic lymphohistiocytosis; TFEB: Transcription factor EB; GSH: Glutathione; 
SOD: Superoxide dismutase; FTN: Ferritin; HSF: Heat shock factor; ROS: Reactive oxygen species.

inarily understood. It was initially reported that sorafenib could induce apoptosis of HCC cells. However, it was later 
found that sorafenib alone applied to HCC cells did not induce major mitochondrial events associated with apoptosis, 
such as cytoplasmic release of cytochrome C or activation of caspase. In addition, solafenib only binds to the chemical 
compound ABT-737 to become an effective decay inducer. The toxic effect of solafenib on HCC cells could be blocked by 
the potent chemical chelating agent of iron, desferramine (DFX). Therefore, sorafenib as a single agent should be used on 
HCC cellulae to induce cellulae death that is different from dying[90]. At the same time, the protection conferred by DFX 
depends on its ability to depleze iron deposits in HCC cells. The results suggest that solafenib can induce some form of 
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cell death in HCC cells, which is closely related to ferroptosis. In summary, inducing ferroptosis may be a feasible 
strategy to enhance the efficacy of solafenib in liver cancer.

Rb protein regulates ferroptosis caused by sorafenib in HCC cells: Rb protein regulates transcription of several genes in 
eukaryotes, and Rb protein is known for its regulatory role in cell proliferation and key role in G1/S checkpoint, mainly 
its ability to regulate the activity of E2F family transcription factors[91]. The loss of Rb protein function is known to be an 
important event in the pathogenesis of HCC, and whether Rb protein status is a regulatory factor for the response of HCC 
cells to sorafenib is still under study. Importantly, the study showed that the status of the Rb protein is a parameter that 
regulates the susceptibility of cancer cells to ferroptosis. HCC cells with low Rb expression were exposed to sorafenib, 
and the number of cell death increased by 2-3 times. Xenograft tumors grown in sorafenib treated BALB/c nude mice 
inoculated with low RB-expressing HCC cells showed complete tumor regression in 50% of the treated animals, 
compared with stable tumors in mice inoculated with control cells[92]. This suggests that the negative Rb protein status of 
HCC promotes ferroptosis after exposure to sorafenib. This finding highlights the role of Rb protein in response to 
sorafenib and regulation of ferroptosis in HCC cells.

Phosphoric acid modulating signals are involved in sorafenib treatment of ferroptosis induced by HCC cells: How 
Sorafenib is involved in inducing ferroptosis of liver cancer cells has been the direction of exploration by scholars[93]. 
Raf-Mek-Erk signaling pathway is not an important target for sorafenib to induce ferroptosis in HCC cells. Sorafenib has 
a unique mode of action to induce ferroptosis. Since sorafenib has been proposed to have extranuclear activity to 
suppress the XC-system compared to other similar excitase suppressors, a better understanding of the phosphorylation 
changes that sorafenib regulates the activity of the XC-system will help explain how kinase inhibitors such as sorafenib 
induce ferroptosis[94]. The early effects of sorafenib treatment on SKHep1 cells: Extensive regulatory effects on protein 
phosphorylation were observed within 30 min of drug treatment, and the effects were more intense after 60 min of 
treatment. The study included quantitative coverage of 6170 unique phosphate sites, using label free quantification 
phosphate proteomics to detect phosphorylation over time. This includes phosphoric acid sites at potential binding sites 
for Xc- and also phosphoric acid sites on proteins known to be associated with ferroptosis[95]. According to their 
findings, many sites on iron homeostasis and other proteins involved in ferroptosis were significantly regulated after 
sorafenib treatment. All these suggest that phosphorylation regulation signals may be involved in the induction of 
ferroptosis.

Ferroptosis of HCC cells is induced by exogenous pathway
Double GSH-depleted sorafenib loaded with manganese-silicon nanomaterials induced ferroptosis in HCC cells: GSH 
has antioxidant and detoxification capabilities, and its levels are closely related to tumor progression and chemotherapy 
resistance, while GSH levels are elevated in HCC cells[96]. Therefore, the researchers believe that the GSH depletion 
strategy will be one of the logical approaches to the treatment of HCC. A novel one-pot reaction for the synthesis of 
manganous-doped mesoporous silica nanoparticles (MMSNs), which can induce ferroptosis in tumor cells through 
intracellular GSH depletion caused by MMSNs degradation. MMSN's manganese oxidation bond breaks at high GSH 
concentrations, rapidly depleting GSH in the environment. The cleavage of 1 molecule -Mn-O- will consume 2 molecules 
of GSH. Thus, the efficiency of GSH consumption caused by degradation of MMSN is sufficient to deplete intracellular 
GSH[97]. At the same time, the degradation of MMSNs will lead to the release of supported sorafenib, thus blocking the 
Xc- transport system. After incubation with MMSns@SO (MMSNS-supported sorafenib), the GSH content in HCC cells is 
rapidly reduced and the synthesis of GSH is inhibited. Importantly, MMSNs@SO was much less toxic to normal 
hepatocytes than to HCC cells. They aim to exert excellent ferroptosis promoting effect by constructing MMSNs@SO to 
bidirectional depletion of intracellular GSH. The results show that this double-consuming GSH nanomaterials have great 
potential to induce ferroptosis in HCC cells and will contribute to the development of highly effective ferroptosis 
inducers for HCC. However, the cell can be adapted to the invariant microenvironment[98]. When GSH is consumed, the 
synthesis of GSH will be accelerated and continuous ferroptosis will be inhibited. Therefore, how to inhibit the synthesis 
of GSH in liver cancer cells is another key point to induce ferroptosis in tumor therapy.

Low density lipoprotein docosahexaenoic acid nanoparticles induction: An epidemiological study reported that a diet 
rich in polyunsaturated omega-3 fatty acids (omega-3PUFA) reduced the risk of HCC in patients with hepatitis. To this 
end, the researchers designed a LDL-DHA reconstructed with natural omega-3PUFA docosahexaenoic acid. LDL-DHA 
induces liver cancer cell death through ferroptosis pathway, which is a novel molecular mechanism of its anticancer 
activity. LDL-DHA nanoparticles were cytotoxic to both rat hepatoma and human HCC cell lines. After treatment with 
LDL-DHA, both rat and human HCC cells experienced significant lipid peroxidation, GSH depletion, and lipid 
antioxidant GPX4 inactivation prior to cell death. The death of HCC cells after treatment is not related to apoptosis, 
necrosis or autophagy pathway, which is consistent with the iron-dependent cell death mechanism. GPX4 is also the 
central regulator of LDL-DHA induced tumor cell death. They further investigated the effects of LDL-DHA on mice 
carrying transplanted human liver cancer tumors[99]. Long-term intratumoral injection of LDL-DHA can seriously inhibit 
the growth of HCC xenografts. Consistent with findings from in vitro studies, LDL-DHA treated HCC tumors 
experienced iron-dependent cell death characterized by elevated tissue lipid hydroperoxide levels and inhibition of GPX4 
expression. LDL-DHA induced ferroptosis can achieve a potent antitumor effect because long-term tumor growth 
inhibition is well maintained after treatment is discontinued. These findings provide new insights into the molecular 
mechanisms by which LDL-DHA controls tumor cytotoxicity (Figure 4).
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Figure 4 Preparation process of iron-dead biomaterials. Created with BioRender.com. NHS: N-Hydroxysuccinimide; EDC: Ethyl-dimethylaminopropyl 
carbodiimide; SOD: Superoxide dismutase; GSSG: Glutathione disulfide; GSH: Glutathione; HSA: Human serum albumin.

THE SIGNIFICANCE OF LIPID PEROXIDATION AND ABNORMAL METABOLISM IN HCC
The basic process of lipid peroxidation
Lipid peroxidation is a complex biochemical process that usually occurs in the unsaturated fatty acids of cell membranes. 
At the core of this process is the free radical mediated oxidation reaction, which results in the destruction of cell structure 
and function, which in turn affects cell survival and death[100].

In the initial stage of lipid peroxidation, free radicals (such as hydroxyl radicals) attack unsaturated fatty acids, 
triggering the removal of hydrogen atoms and the formation of fatty acid radicals. This radical further interacts with 
oxygen to form the lipoxylate radical. These lipid-greedy radicals can react with neighboring lipid-greedy molecules, 
triggering a chain reaction that leads to the oxidation of large amounts of lipid-greedy. With the progress of the reaction, 
a variety of oxidation products are formed, such as hydrogen peroxide, aldehydes and ketones[101-103]. These products 
not only damage the integrity of the cell membrane, but also can further affect the signaling pathway within the cell, 
leading to cell dysfunction. In particular, certain oxidation products such as 4-hydroxynonenal and MDA are highly 
reactive and can cross-link with proteins, nucleic acids, and other molecules within cells, leading to cell damage and 
death. In liver cancer, the increase of lipid peroxidation is considered to be one of the key factors promoting tumori-
genesis and development. Excessive lipid peroxidation not only directly destroys the membrane structure of hepatocytes, 
but also interferes with intracellular signaling and metabolic processes through the oxidation products produced[104]. In 
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addition, lipid peroxidation is closely related to drug resistance, proliferation and metastasis of HCC cells. Therefore, a 
deeper understanding of the role of lipid peroxidation in liver cancer is of great significance for the development of new 
therapeutic strategies.

The role of lipid metabolism in liver cancer
Lipid metabolism plays an important role in the occurrence and development of liver cancer. Normally, lipid metabolism 
maintains the integrity of cell membranes, energy reserves, and the synthesis of signaling molecules[105]. However, when 
lipid metabolism is abnormal, it may promote the occurrence and progression of liver cancer.

Abnormal lipid metabolism in liver cancer cells usually manifests as increased lipid synthesis and accumulation[106]. 
These changes are mainly due to the higher demand for energy and structural components of tumor cells to meet their 
rapid proliferation and growth needs. Increased lipid synthesis not only provides tumor cells with essential membrane 
components, but also energy and bioactive molecules such as lipobutyric acid and cholesterol. In addition, abnormal lipid 
metabolism is closely related to signal transduction disorders in HCC cells. Intermediate products produced by lipid 
metabolism, such as lipobutyrate and cholesterol, can activate or inhibit certain signaling pathways, affecting cell growth, 
proliferation and apoptosis[107-109]. For example, certain lipobutyric acids can act as second messengers, involved in 
regulating calcium ion levels within cells and activating specific protein kinases. The abnormality of lipid metabolism is 
also related to the regulation of tumor microenvironment. By changing lipid metabolism, liver cancer cells can affect the 
surrounding microenvironment, such as regulating the function of immune cells by secreting certain lipids molecules, 
thereby promoting tumor growth and metastasis (Figure 5).

Figure 5 Both lipid catabolism and anabolic changes affect lipid peroxidation during ferroptosis. Created with BioRender.com. FASN: Fatty acid 
synthase; FABP: Fatty acid-binding protein; PUFA: Polyunsaturated fatty acids; LIPE: Lipase E; MGLL: Monoglyceride lipase; ACAC: Acetyl-CoA carboxylase.

In summary, abnormal lipid metabolism in liver cancer not only affects the biological behavior of tumor cells, but also 
further promotes the development of liver cancer by affecting the tumor microenvironment[110]. Therefore, a thorough 
understanding of the role and mechanism of lipid metabolism in liver cancer is of great significance for the discovery of 
new therapeutic targets and strategies.
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CONCLUSION
Iron-dependent lipid peroxidation is a marker of ferroptosis, but the molecules that play a key regulatory role in the 
process of ferroptosis and the general signaling pathway have not been clarified. Iron acts as a catalyst to convert 
peroxides to free radicals to induce ferroptosis, but the mechanism of action is unclear, and it is uncertain whether other 
metabolic processes or other forms of regulatory cell death are involved in the regulation of ferroptosis. At the same time, 
as one of the important cell death modes to regulate body homeostasis, ferroptosis is also involved in the occurrence and 
development of a variety of liver diseases. If ferroptosis occurs in normal liver cells, it will lead to the disorder of cell 
REDOX metabolism and lead to the corresponding pathophysiological changes. However, increasing the sensitivity of 
liver cancer cells to ferroptosis can improve the therapeutic effect by reducing the drug resistance of tumor cells. At 
present, the existing literature reports on the role of ferroptosis in liver cancer are mostly indirect studies, and it is 
difficult to find the direct target of action, and it is difficult to achieve therapeutic effect by only using antioxidants to 
inhibit lipid peroxidation. Therefore, understanding its specific mechanism of action and causality is essential to analyze 
the role of ferroptosis in liver-related diseases. In recent years, the research on ferroptosis as the direction of disease 
treatment has developed rapidly, which may provide a certain reference for the future clinical treatment direction and 
strategy.

FOOTNOTES
Author contributions: Shu YJ wrote the manuscript; Lao B and Qiu YY collected the data. All authors reviewed, edited, and approved the 
final manuscript and revised it critically for important intellectual content, gave final approval of the version to be published, and agreed 
to be accountable for all aspects of the work.

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

Open-Access: This article is an open-access article 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 NonCommercial (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: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Yu-Jie Shu 0009-0009-0019-7257; Ying-Yang Qiu 0000-0002-9692-1458.

S-Editor: Fan JR 
L-Editor: A 
P-Editor: Zhang XD

REFERENCES
1 Li D, Wang Y, Dong C, Chen T, Dong A, Ren J, Li W, Shu G, Yang J, Shen W, Qin L, Hu L, Zhou J. CST1 inhibits ferroptosis and promotes 

gastric cancer metastasis by regulating GPX4 protein stability via OTUB1. Oncogene 2023; 42: 83-98 [PMID: 36369321 DOI: 
10.1038/s41388-022-02537-x]

2 Yang W, Wang Y, Zhang C, Huang Y, Yu J, Shi L, Zhang P, Yin Y, Li R, Tao K. Maresin1 Protect Against Ferroptosis-Induced Liver Injury 
Through ROS Inhibition and Nrf2/HO-1/GPX4 Activation. Front Pharmacol 2022; 13: 865689 [PMID: 35444546 DOI: 
10.3389/fphar.2022.865689]

3 Yao F, Deng Y, Zhao Y, Mei Y, Zhang Y, Liu X, Martinez C, Su X, Rosato RR, Teng H, Hang Q, Yap S, Chen D, Wang Y, Chen MM, Zhang 
M, Liang H, Xie D, Chen X, Zhu H, Chang JC, You MJ, Sun Y, Gan B, Ma L. A targetable LIFR-NF-κB-LCN2 axis controls liver 
tumorigenesis and vulnerability to ferroptosis. Nat Commun 2021; 12: 7333 [PMID: 34921145 DOI: 10.1038/s41467-021-27452-9]

4 Yang Y, Lin J, Guo S, Xue X, Wang Y, Qiu S, Cui J, Ma L, Zhang X, Wang J. RRM2 protects against ferroptosis and is a tumor biomarker for 
liver cancer. Cancer Cell Int 2020; 20: 587 [PMID: 33372599 DOI: 10.1186/s12935-020-01689-8]

5 Conche C, Finkelmeier F, Pešić M, Nicolas AM, Böttger TW, Kennel KB, Denk D, Ceteci F, Mohs K, Engel E, Canli Ö, Dabiri Y, Peiffer KH, 
Zeuzem S, Salinas G, Longerich T, Yang H, Greten FR. Combining ferroptosis induction with MDSC blockade renders primary tumours and 
metastases in liver sensitive to immune checkpoint blockade. Gut 2023; 72: 1774-1782 [PMID: 36707233 DOI: 10.1136/gutjnl-2022-327909]

6 Wu Q, Chen Z, Ding Y, Tang Y, Cheng Y. Protective effect of traditional Chinese medicine on non-alcoholic fatty liver disease and liver 
cancer by targeting ferroptosis. Front Nutr 2022; 9: 1033129 [PMID: 36330148 DOI: 10.3389/fnut.2022.1033129]

7 Huang Y, Wang S, Ke A, Guo K. Ferroptosis and its interaction with tumor immune microenvironment in liver cancer. Biochim Biophys Acta 
Rev Cancer 2023; 1878: 188848 [PMID: 36502929 DOI: 10.1016/j.bbcan.2022.188848]

8 Wang Y, Zhao M, Zhao L, Geng Y, Li G, Chen L, Yu J, Yuan H, Zhang H, Yun H, Yuan Y, Wang G, Feng J, Xu L, Wang S, Hou C, Yang G, 
Zhang N, Lu W, Zhang X. HBx-Induced HSPA8 Stimulates HBV Replication and Suppresses Ferroptosis to Support Liver Cancer Progression. 
Cancer Res 2023; 83: 1048-1061 [PMID: 36745032 DOI: 10.1158/0008-5472.CAN-22-3169]

9 Wang Z, Li M, Liu Y, Qiao Z, Bai T, Yang L, Liu B. Dihydroartemisinin triggers ferroptosis in primary liver cancer cells by promoting and 
unfolded protein responseinduced upregulation of CHAC1 expression. Oncol Rep 2021; 46 [PMID: 34558645 DOI: 10.3892/or.2021.8191]
Zheng C, Zhang B, Li Y, Liu K, Wei W, Liang S, Guo H, Ma K, Liu Y, Wang J, Liu L. Donafenib and GSK-J4 Synergistically Induce 10

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0009-0019-7257
http://orcid.org/0009-0009-0019-7257
http://orcid.org/0000-0002-9692-1458
http://orcid.org/0000-0002-9692-1458
http://www.ncbi.nlm.nih.gov/pubmed/36369321
https://dx.doi.org/10.1038/s41388-022-02537-x
http://www.ncbi.nlm.nih.gov/pubmed/35444546
https://dx.doi.org/10.3389/fphar.2022.865689
http://www.ncbi.nlm.nih.gov/pubmed/34921145
https://dx.doi.org/10.1038/s41467-021-27452-9
http://www.ncbi.nlm.nih.gov/pubmed/33372599
https://dx.doi.org/10.1186/s12935-020-01689-8
http://www.ncbi.nlm.nih.gov/pubmed/36707233
https://dx.doi.org/10.1136/gutjnl-2022-327909
http://www.ncbi.nlm.nih.gov/pubmed/36330148
https://dx.doi.org/10.3389/fnut.2022.1033129
http://www.ncbi.nlm.nih.gov/pubmed/36502929
https://dx.doi.org/10.1016/j.bbcan.2022.188848
http://www.ncbi.nlm.nih.gov/pubmed/36745032
https://dx.doi.org/10.1158/0008-5472.CAN-22-3169
http://www.ncbi.nlm.nih.gov/pubmed/34558645
https://dx.doi.org/10.3892/or.2021.8191


Shu YJ et al. Ferroptosis in HCC

WJGO https://www.wjgnet.com 2346 June 15, 2024 Volume 16 Issue 6

Ferroptosis in Liver Cancer by Upregulating HMOX1 Expression. Adv Sci (Weinh) 2023; 10: e2206798 [PMID: 37330650 DOI: 
10.1002/advs.202206798]

11 Wang W, Zhang J, Wang Y, Xu Y, Zhang S. Identifies microtubule-binding protein CSPP1 as a novel cancer biomarker associated with 
ferroptosis and tumor microenvironment. Comput Struct Biotechnol J 2022; 20: 3322-3335 [PMID: 35832625 DOI: 
10.1016/j.csbj.2022.06.046]

12 Wu Y, Jiao H, Yue Y, He K, Jin Y, Zhang J, Wei Y, Luo H, Hao Z, Zhao X, Xia Q, Zhong Q. Ubiquitin ligase E3 HUWE1/MULE targets 
transferrin receptor for degradation and suppresses ferroptosis in acute liver injury. Cell Death Differ 2022; 29: 1705-1718 [PMID: 35260822 
DOI: 10.1038/s41418-022-00957-6]

13 Wang W, Lu K, Jiang X, Wei Q, Zhu L, Wang X, Jin H, Feng L. Ferroptosis inducers enhanced cuproptosis induced by copper ionophores in 
primary liver cancer. J Exp Clin Cancer Res 2023; 42: 142 [PMID: 37277863 DOI: 10.1186/s13046-023-02720-2]

14 Cai X, Hua S, Deng J, Du Z, Zhang D, Liu Z, Khan NU, Zhou M, Chen Z. Astaxanthin Activated the Nrf2/HO-1 Pathway to Enhance 
Autophagy and Inhibit Ferroptosis, Ameliorating Acetaminophen-Induced Liver Injury. ACS Appl Mater Interfaces 2022; 14: 42887-42903 
[PMID: 36094079 DOI: 10.1021/acsami.2c10506]

15 Zhang Y, Song J, Zhao Z, Yang M, Chen M, Liu C, Ji J, Zhu D. Single-cell transcriptome analysis reveals tumor immune microenvironment 
heterogenicity and granulocytes enrichment in colorectal cancer liver metastases. Cancer Lett 2020; 470: 84-94 [PMID: 31610266 DOI: 
10.1016/j.canlet.2019.10.016]

16 Gao R, Kalathur RKR, Coto-Llerena M, Ercan C, Buechel D, Shuang S, Piscuoglio S, Dill MT, Camargo FD, Christofori G, Tang F. YAP/
TAZ and ATF4 drive resistance to Sorafenib in hepatocellular carcinoma by preventing ferroptosis. EMBO Mol Med 2021; 13: e14351 [PMID: 
34664408 DOI: 10.15252/emmm.202114351]

17 Chen Q, Zheng W, Guan J, Liu H, Dan Y, Zhu L, Song Y, Zhou Y, Zhao X, Zhang Y, Bai Y, Pan Y, Zhang J, Shao C. SOCS2-enhanced 
ubiquitination of SLC7A11 promotes ferroptosis and radiosensitization in hepatocellular carcinoma. Cell Death Differ 2023; 30: 137-151 
[PMID: 35995846 DOI: 10.1038/s41418-022-01051-7]

18 Cheu JW, Lee D, Li Q, Goh CC, Bao MH, Yuen VW, Zhang MS, Yang C, Chan CY, Tse AP, Sit GF, Liu CX, Ng IO, Wong CM, Wong CC. 
Ferroptosis Suppressor Protein 1 Inhibition Promotes Tumor Ferroptosis and Anti-tumor Immune Responses in Liver Cancer. Cell Mol 
Gastroenterol Hepatol 2023; 16: 133-159 [PMID: 36893885 DOI: 10.1016/j.jcmgh.2023.03.001]

19 Yang H, Hu Y, Weng M, Liu X, Wan P, Ma M, Zhang Y, Xia H, Lv K. Hypoxia inducible lncRNA-CBSLR modulates ferroptosis through 
m6A-YTHDF2-dependent modulation of CBS in gastric cancer. J Adv Res 2022; 37: 91-106 [PMID: 35499052 DOI: 
10.1016/j.jare.2021.10.001]

20 He GN, Bao NR, Wang S, Xi M, Zhang TH, Chen FS. Ketamine Induces Ferroptosis of Liver Cancer Cells by Targeting lncRNA PVT1/miR-
214-3p/GPX4. Drug Des Devel Ther 2021; 15: 3965-3978 [PMID: 34566408 DOI: 10.2147/DDDT.S332847]

21 Wu J, Wang Y, Jiang R, Xue R, Yin X, Wu M, Meng Q. Ferroptosis in liver disease: new insights into disease mechanisms. Cell Death Discov 
2021; 7: 276 [PMID: 34611144 DOI: 10.1038/s41420-021-00660-4]

22 Zhang T, Sun L, Hao Y, Suo C, Shen S, Wei H, Ma W, Zhang P, Wang T, Gu X, Li ST, Chen Z, Yan R, Zhang Y, Cai Y, Zhou R, Jia W, 
Huang F, Gao P, Zhang H. ENO1 suppresses cancer cell ferroptosis by degrading the mRNA of iron regulatory protein 1. Nat Cancer 2022; 3: 
75-89 [PMID: 35121990 DOI: 10.1038/s43018-021-00299-1]

23 Sun R, Lin Z, Wang X, Liu L, Huo M, Zhang R, Lin J, Xiao C, Li Y, Zhu W, Lu L, Zhang J, Chen J. AADAC protects colorectal cancer liver 
colonization from ferroptosis through SLC7A11-dependent inhibition of lipid peroxidation. J Exp Clin Cancer Res 2022; 41: 284 [PMID: 
36163032 DOI: 10.1186/s13046-022-02493-0]

24 Du J, Wan Z, Wang C, Lu F, Wei M, Wang D, Hao Q. Designer exosomes for targeted and efficient ferroptosis induction in cancer via chemo-
photodynamic therapy. Theranostics 2021; 11: 8185-8196 [PMID: 34373736 DOI: 10.7150/thno.59121]

25 Li X, Wang TX, Huang X, Li Y, Sun T, Zang S, Guan KL, Xiong Y, Liu J, Yuan HX. Targeting ferroptosis alleviates methionine-choline 
deficient (MCD)-diet induced NASH by suppressing liver lipotoxicity. Liver Int 2020; 40: 1378-1394 [PMID: 32145145 DOI: 
10.1111/liv.14428]

26 Li H, Yu Y, Liu Y, Luo Z, Law BYK, Zheng Y, Huang X, Li W. Ursolic acid enhances the antitumor effects of sorafenib associated with Mcl-
1-related apoptosis and SLC7A11-dependent ferroptosis in human cancer. Pharmacol Res 2022; 182: 106306 [PMID: 35714823 DOI: 
10.1016/j.phrs.2022.106306]

27 Zheng Y, Sun W, Shan C, Li B, Liu J, Xing H, Xu Q, Cui B, Zhu W, Chen J, Liu L, Yang T, Sun N, Li X. β-hydroxybutyrate inhibits 
ferroptosis-mediated pancreatic damage in acute liver failure through the increase of H3K9bhb. Cell Rep 2022; 41: 111847 [PMID: 36543135 
DOI: 10.1016/j.celrep.2022.111847]

28 Liu Z, Wang J, Li S, Li L, Li D, Guo H, Gao D, Liu S, Ruan C, Dang X. Prognostic prediction and immune infiltration analysis based on 
ferroptosis and EMT state in hepatocellular carcinoma. Front Immunol 2022; 13: 1076045 [PMID: 36591279 DOI: 
10.3389/fimmu.2022.1076045]

29 Tang B, Zhu J, Li J, Fan K, Gao Y, Cheng S, Kong C, Zheng L, Wu F, Weng Q, Lu C, Ji J. The ferroptosis and iron-metabolism signature 
robustly predicts clinical diagnosis, prognosis and immune microenvironment for hepatocellular carcinoma. Cell Commun Signal 2020; 18: 174 
[PMID: 33115468 DOI: 10.1186/s12964-020-00663-1]

30 Zhang Y, Luo M, Cui X, O'Connell D, Yang Y. Long noncoding RNA NEAT1 promotes ferroptosis by modulating the miR-362-3p/MIOX 
axis as a ceRNA. Cell Death Differ 2022; 29: 1850-1863 [PMID: 35338333 DOI: 10.1038/s41418-022-00970-9]

31 Zhou Z, Ye TJ, Bonavita G, Daniels M, Kainrad N, Jogasuria A, You M. Adipose-Specific Lipin-1 Overexpression Renders Hepatic 
Ferroptosis and Exacerbates Alcoholic Steatohepatitis in Mice. Hepatol Commun 2019; 3: 656-669 [PMID: 31061954 DOI: 
10.1002/hep4.1333]

32 Shen M, Li Y, Wang Y, Shao J, Zhang F, Yin G, Chen A, Zhang Z, Zheng S. N(6)-methyladenosine modification regulates ferroptosis through 
autophagy signaling pathway in hepatic stellate cells. Redox Biol 2021; 47: 102151 [PMID: 34607160 DOI: 10.1016/j.redox.2021.102151]

33 Wu L, Zhong Y, Yu X, Wu D, Xu P, Lv L, Ruan X, Liu Q, Feng Y, Liu J, Li X. Selective poly adenylation predicts the efficacy of 
immunotherapy in patients with lung adenocarcinoma by multiple omics research. Anticancer Drugs 2022; 33: 943-959 [PMID: 35946526 
DOI: 10.1097/CAD.0000000000001319]

34 Xie H, Shi M, Liu Y, Cheng C, Song L, Ding Z, Jin H, Cui X, Wang Y, Yao D, Wang P, Yao M, Zhang H. Identification of m6A- and 
ferroptosis-related lncRNA signature for predicting immune efficacy in hepatocellular carcinoma. Front Immunol 2022; 13: 914977 [PMID: 
36032107 DOI: 10.3389/fimmu.2022.914977]
Zhou C, Yu T, Zhu R, Lu J, Ouyang X, Zhang Z, Chen Q, Li J, Cui J, Jiang F, Jin KY, Sarapultsev A, Li F, Zhang G, Luo S, Hu D. 35

http://www.ncbi.nlm.nih.gov/pubmed/37330650
https://dx.doi.org/10.1002/advs.202206798
http://www.ncbi.nlm.nih.gov/pubmed/35832625
https://dx.doi.org/10.1016/j.csbj.2022.06.046
http://www.ncbi.nlm.nih.gov/pubmed/35260822
https://dx.doi.org/10.1038/s41418-022-00957-6
http://www.ncbi.nlm.nih.gov/pubmed/37277863
https://dx.doi.org/10.1186/s13046-023-02720-2
http://www.ncbi.nlm.nih.gov/pubmed/36094079
https://dx.doi.org/10.1021/acsami.2c10506
http://www.ncbi.nlm.nih.gov/pubmed/31610266
https://dx.doi.org/10.1016/j.canlet.2019.10.016
http://www.ncbi.nlm.nih.gov/pubmed/34664408
https://dx.doi.org/10.15252/emmm.202114351
http://www.ncbi.nlm.nih.gov/pubmed/35995846
https://dx.doi.org/10.1038/s41418-022-01051-7
http://www.ncbi.nlm.nih.gov/pubmed/36893885
https://dx.doi.org/10.1016/j.jcmgh.2023.03.001
http://www.ncbi.nlm.nih.gov/pubmed/35499052
https://dx.doi.org/10.1016/j.jare.2021.10.001
http://www.ncbi.nlm.nih.gov/pubmed/34566408
https://dx.doi.org/10.2147/DDDT.S332847
http://www.ncbi.nlm.nih.gov/pubmed/34611144
https://dx.doi.org/10.1038/s41420-021-00660-4
http://www.ncbi.nlm.nih.gov/pubmed/35121990
https://dx.doi.org/10.1038/s43018-021-00299-1
http://www.ncbi.nlm.nih.gov/pubmed/36163032
https://dx.doi.org/10.1186/s13046-022-02493-0
http://www.ncbi.nlm.nih.gov/pubmed/34373736
https://dx.doi.org/10.7150/thno.59121
http://www.ncbi.nlm.nih.gov/pubmed/32145145
https://dx.doi.org/10.1111/liv.14428
http://www.ncbi.nlm.nih.gov/pubmed/35714823
https://dx.doi.org/10.1016/j.phrs.2022.106306
http://www.ncbi.nlm.nih.gov/pubmed/36543135
https://dx.doi.org/10.1016/j.celrep.2022.111847
http://www.ncbi.nlm.nih.gov/pubmed/36591279
https://dx.doi.org/10.3389/fimmu.2022.1076045
http://www.ncbi.nlm.nih.gov/pubmed/33115468
https://dx.doi.org/10.1186/s12964-020-00663-1
http://www.ncbi.nlm.nih.gov/pubmed/35338333
https://dx.doi.org/10.1038/s41418-022-00970-9
http://www.ncbi.nlm.nih.gov/pubmed/31061954
https://dx.doi.org/10.1002/hep4.1333
http://www.ncbi.nlm.nih.gov/pubmed/34607160
https://dx.doi.org/10.1016/j.redox.2021.102151
http://www.ncbi.nlm.nih.gov/pubmed/35946526
https://dx.doi.org/10.1097/CAD.0000000000001319
http://www.ncbi.nlm.nih.gov/pubmed/36032107
https://dx.doi.org/10.3389/fimmu.2022.914977


Shu YJ et al. Ferroptosis in HCC

WJGO https://www.wjgnet.com 2347 June 15, 2024 Volume 16 Issue 6

Timosaponin AIII promotes non-small-cell lung cancer ferroptosis through targeting and facilitating HSP90 mediated GPX4 ubiquitination and 
degradation. Int J Biol Sci 2023; 19: 1471-1489 [PMID: 37056925 DOI: 10.7150/ijbs.77979]

36 He F, Zhang P, Liu J, Wang R, Kaufman RJ, Yaden BC, Karin M. ATF4 suppresses hepatocarcinogenesis by inducing SLC7A11 (xCT) to 
block stress-related ferroptosis. J Hepatol 2023; 79: 362-377 [PMID: 36996941 DOI: 10.1016/j.jhep.2023.03.016]

37 Sun X, Ou Z, Chen R, Niu X, Chen D, Kang R, Tang D. Activation of the p62-Keap1-NRF2 pathway protects against ferroptosis in 
hepatocellular carcinoma cells. Hepatology 2016; 63: 173-184 [PMID: 26403645 DOI: 10.1002/hep.28251]

38 Bao ZH, Hou XB, Li HL, Mao YF, Wang WR. The mechanism and progress of ferroptosis in pancreatic cancer. Acta Histochem 2022; 124: 
151919 [PMID: 35772355 DOI: 10.1016/j.acthis.2022.151919]

39 Xu Q, Zhan G, Zhang Z, Yong T, Yang X, Gan L. Manganese porphyrin-based metal-organic framework for synergistic sonodynamic therapy 
and ferroptosis in hypoxic tumors. Theranostics 2021; 11: 1937-1952 [PMID: 33408790 DOI: 10.7150/thno.45511]

40 Byun JK, Lee S, Kang GW, Lee YR, Park SY, Song IS, Yun JW, Lee J, Choi YK, Park KG. Macropinocytosis is an alternative pathway of 
cysteine acquisition and mitigates sorafenib-induced ferroptosis in hepatocellular carcinoma. J Exp Clin Cancer Res 2022; 41: 98 [PMID: 
35287706 DOI: 10.1186/s13046-022-02296-3]

41 Yamane D, Hayashi Y, Matsumoto M, Nakanishi H, Imagawa H, Kohara M, Lemon SM, Ichi I. FADS2-dependent fatty acid desaturation 
dictates cellular sensitivity to ferroptosis and permissiveness for hepatitis C virus replication. Cell Chem Biol 2022; 29: 799-810.e4 [PMID: 
34520742 DOI: 10.1016/j.chembiol.2021.07.022]

42 Liu X, Wu Z, Guo C, Guo H, Su Y, Chen Q, Sun C, Liu Q, Chen D, Mu H. Hypoxia responsive nano-drug delivery system based on angelica 
polysaccharide for liver cancer therapy. Drug Deliv 2022; 29: 138-148 [PMID: 34967268 DOI: 10.1080/10717544.2021.2021324]

43 Li Y, Yu P, Fu W, Wang S, Zhao W, Ma Y, Wu Y, Cui H, Yu X, Fu L, Xu H, Sui D. Ginsenoside Rd Inhibited Ferroptosis to Alleviate 
CCl(4)-Induced Acute Liver Injury in Mice via cGAS/STING Pathway. Am J Chin Med 2023; 51: 91-105 [PMID: 36437551 DOI: 
10.1142/S0192415X23500064]

44 Liang JY, Wang DS, Lin HC, Chen XX, Yang H, Zheng Y, Li YH. A Novel Ferroptosis-related Gene Signature for Overall Survival 
Prediction in Patients with Hepatocellular Carcinoma. Int J Biol Sci 2020; 16: 2430-2441 [PMID: 32760210 DOI: 10.7150/ijbs.45050]

45 Zhang X, Zheng Q, Yue X, Yuan Z, Ling J, Yuan Y, Liang Y, Sun A, Liu Y, Li H, Xu K, He F, Wang J, Wu J, Zhao C, Tian C. ZNF498 
promotes hepatocellular carcinogenesis by suppressing p53-mediated apoptosis and ferroptosis via the attenuation of p53 Ser46 
phosphorylation. J Exp Clin Cancer Res 2022; 41: 79 [PMID: 35227287 DOI: 10.1186/s13046-022-02288-3]

46 Li ZJ, Dai HQ, Huang XW, Feng J, Deng JH, Wang ZX, Yang XM, Liu YJ, Wu Y, Chen PH, Shi H, Wang JG, Zhou J, Lu GD. Artesunate 
synergizes with sorafenib to induce ferroptosis in hepatocellular carcinoma. Acta Pharmacol Sin 2021; 42: 301-310 [PMID: 32699265 DOI: 
10.1038/s41401-020-0478-3]

47 Wu L, Zheng Y, Ruan X, Wu D, Xu P, Liu J, Li X. Long-chain noncoding ribonucleic acids affect the survival and prognosis of patients with 
esophageal adenocarcinoma through the autophagy pathway: construction of a prognostic model. Anticancer Drugs 2022; 33: e590-e603 
[PMID: 34338240 DOI: 10.1097/CAD.0000000000001189]

48 Yin L, Liu P, Jin Y, Ning Z, Yang Y, Gao H. Ferroptosis-related small-molecule compounds in cancer therapy: Strategies and applications. 
Eur J Med Chem 2022; 244: 114861 [PMID: 36332549 DOI: 10.1016/j.ejmech.2022.114861]

49 Xie L, Zhou C, Wu Y, Fu X, Zhang G, Han X, Xie S, Chen G, Xu H, Deng B, Liu B, Zhou Y, Li A. Wenqingyin suppresses ferroptosis in the 
pathogenesis of sepsis-induced liver injury by activating the Nrf2-mediated signaling pathway. Phytomedicine 2023; 114: 154748 [PMID: 
36933519 DOI: 10.1016/j.phymed.2023.154748]

50 Chen Y, Xu Y, Zhang K, Shen L, Deng M. Ferroptosis in COVID-19-related liver injury: A potential mechanism and therapeutic target. Front 
Cell Infect Microbiol 2022; 12: 922511 [PMID: 35967872 DOI: 10.3389/fcimb.2022.922511]

51 Xia P, Wen GM, Zheng XH, Zhao ZY. Differences of ferroptosis-related genes between White and Asian patients with liver cancer. Am J 
Cancer Res 2023; 13: 3659-3667 [PMID: 37693126]

52 Liu L, He J, Sun G, Huang N, Bian Z, Xu C, Zhang Y, Cui Z, Xu W, Sun F, Zhuang C, Man Q, Gu S. The N6-methyladenosine modification 
enhances ferroptosis resistance through inhibiting SLC7A11 mRNA deadenylation in hepatoblastoma. Clin Transl Med 2022; 12: e778 [PMID: 
35522946 DOI: 10.1002/ctm2.778]

53 Yu J, Wang JQ. Research mechanisms of and pharmaceutical treatments for ferroptosis in liver diseases. Biochimie 2021; 180: 149-157 
[PMID: 33166595 DOI: 10.1016/j.biochi.2020.11.002]

54 Xue X, Ma L, Zhang X, Xu X, Guo S, Wang Y, Qiu S, Cui J, Guo W, Yu Y, Sun F, Shi Y, Wang J. Tumour cells are sensitised to ferroptosis 
via RB1CC1-mediated transcriptional reprogramming. Clin Transl Med 2022; 12: e747 [PMID: 35220675 DOI: 10.1002/ctm2.747]

55 Xi J, Tian LL, Xi J, Girimpuhwe D, Huang C, Ma R, Yao X, Shi D, Bai Z, Wu QX, Fang J. Alterperylenol as a Novel Thioredoxin Reductase 
Inhibitor Induces Liver Cancer Cell Apoptosis and Ferroptosis. J Agric Food Chem 2022; 70: 15763-15775 [PMID: 36472370 DOI: 
10.1021/acs.jafc.2c05339]

56 Ren Y, Li S, Song Z, Luo Q, Zhang Y, Wang H. The Regulatory Roles of Polysaccharides and Ferroptosis-Related Phytochemicals in Liver 
Diseases. Nutrients 2022; 14 [PMID: 35684103 DOI: 10.3390/nu14112303]

57 Hu X, He Y, Han Z, Liu W, Liu D, Zhang X, Chen L, Qi L, Luo Y, Li Q, Chen P, Wu Q, Zhu X, Guo H. PNO1 inhibits autophagy-mediated 
ferroptosis by GSH metabolic reprogramming in hepatocellular carcinoma. Cell Death Dis 2022; 13: 1010 [PMID: 36446769 DOI: 
10.1038/s41419-022-05448-7]

58 Chen Y, Li L, Lan J, Cui Y, Rao X, Zhao J, Xing T, Ju G, Song G, Lou J, Liang J. CRISPR screens uncover protective effect of PSTK as a 
regulator of chemotherapy-induced ferroptosis in hepatocellular carcinoma. Mol Cancer 2022; 21: 11 [PMID: 34983546 DOI: 
10.1186/s12943-021-01466-9]

59 Zhang Z, Yao Z, Wang L, Ding H, Shao J, Chen A, Zhang F, Zheng S. Activation of ferritinophagy is required for the RNA-binding protein 
ELAVL1/HuR to regulate ferroptosis in hepatic stellate cells. Autophagy 2018; 14: 2083-2103 [PMID: 30081711 DOI: 
10.1080/15548627.2018.1503146]

60 Alannan M, Fatrouni H, Trézéguet V, Dittrich-Domergue F, Moreau P, Siegfried G, Liet B, Khatib AM, Grosset CF, Badran B, Fayyad-Kazan 
H, Merched AJ. Targeting PCSK9 in Liver Cancer Cells Triggers Metabolic Exhaustion and Cell Death by Ferroptosis. Cells 2022; 12 [PMID: 
36611859 DOI: 10.3390/cells12010062]

61 Wu L, Liu Q, Ruan X, Luan X, Zhong Y, Liu J, Yan J, Li X. Multiple Omics Analysis of the Role of RBM10 Gene Instability in Immune 
Regulation and Drug Sensitivity in Patients with Lung Adenocarcinoma (LUAD). Biomedicines 2023; 11 [PMID: 37509501 DOI: 
10.3390/biomedicines11071861]
Zhang B, Bao W, Zhang S, Chen B, Zhou X, Zhao J, Shi Z, Zhang T, Chen Z, Wang L, Zheng X, Chen G, Wang Y. LncRNA HEPFAL 62

http://www.ncbi.nlm.nih.gov/pubmed/37056925
https://dx.doi.org/10.7150/ijbs.77979
http://www.ncbi.nlm.nih.gov/pubmed/36996941
https://dx.doi.org/10.1016/j.jhep.2023.03.016
http://www.ncbi.nlm.nih.gov/pubmed/26403645
https://dx.doi.org/10.1002/hep.28251
http://www.ncbi.nlm.nih.gov/pubmed/35772355
https://dx.doi.org/10.1016/j.acthis.2022.151919
http://www.ncbi.nlm.nih.gov/pubmed/33408790
https://dx.doi.org/10.7150/thno.45511
http://www.ncbi.nlm.nih.gov/pubmed/35287706
https://dx.doi.org/10.1186/s13046-022-02296-3
http://www.ncbi.nlm.nih.gov/pubmed/34520742
https://dx.doi.org/10.1016/j.chembiol.2021.07.022
http://www.ncbi.nlm.nih.gov/pubmed/34967268
https://dx.doi.org/10.1080/10717544.2021.2021324
http://www.ncbi.nlm.nih.gov/pubmed/36437551
https://dx.doi.org/10.1142/S0192415X23500064
http://www.ncbi.nlm.nih.gov/pubmed/32760210
https://dx.doi.org/10.7150/ijbs.45050
http://www.ncbi.nlm.nih.gov/pubmed/35227287
https://dx.doi.org/10.1186/s13046-022-02288-3
http://www.ncbi.nlm.nih.gov/pubmed/32699265
https://dx.doi.org/10.1038/s41401-020-0478-3
http://www.ncbi.nlm.nih.gov/pubmed/34338240
https://dx.doi.org/10.1097/CAD.0000000000001189
http://www.ncbi.nlm.nih.gov/pubmed/36332549
https://dx.doi.org/10.1016/j.ejmech.2022.114861
http://www.ncbi.nlm.nih.gov/pubmed/36933519
https://dx.doi.org/10.1016/j.phymed.2023.154748
http://www.ncbi.nlm.nih.gov/pubmed/35967872
https://dx.doi.org/10.3389/fcimb.2022.922511
http://www.ncbi.nlm.nih.gov/pubmed/37693126
http://www.ncbi.nlm.nih.gov/pubmed/35522946
https://dx.doi.org/10.1002/ctm2.778
http://www.ncbi.nlm.nih.gov/pubmed/33166595
https://dx.doi.org/10.1016/j.biochi.2020.11.002
http://www.ncbi.nlm.nih.gov/pubmed/35220675
https://dx.doi.org/10.1002/ctm2.747
http://www.ncbi.nlm.nih.gov/pubmed/36472370
https://dx.doi.org/10.1021/acs.jafc.2c05339
http://www.ncbi.nlm.nih.gov/pubmed/35684103
https://dx.doi.org/10.3390/nu14112303
http://www.ncbi.nlm.nih.gov/pubmed/36446769
https://dx.doi.org/10.1038/s41419-022-05448-7
http://www.ncbi.nlm.nih.gov/pubmed/34983546
https://dx.doi.org/10.1186/s12943-021-01466-9
http://www.ncbi.nlm.nih.gov/pubmed/30081711
https://dx.doi.org/10.1080/15548627.2018.1503146
http://www.ncbi.nlm.nih.gov/pubmed/36611859
https://dx.doi.org/10.3390/cells12010062
http://www.ncbi.nlm.nih.gov/pubmed/37509501
https://dx.doi.org/10.3390/biomedicines11071861


Shu YJ et al. Ferroptosis in HCC

WJGO https://www.wjgnet.com 2348 June 15, 2024 Volume 16 Issue 6

accelerates ferroptosis in hepatocellular carcinoma by regulating SLC7A11 ubiquitination. Cell Death Dis 2022; 13: 734 [PMID: 36008384 
DOI: 10.1038/s41419-022-05173-1]

63 Wang Q, Bin C, Xue Q, Gao Q, Huang A, Wang K, Tang N. GSTZ1 sensitizes hepatocellular carcinoma cells to sorafenib-induced ferroptosis 
via inhibition of NRF2/GPX4 axis. Cell Death Dis 2021; 12: 426 [PMID: 33931597 DOI: 10.1038/s41419-021-03718-4]

64 Zhang Z, Guo M, Shen M, Kong D, Zhang F, Shao J, Tan S, Wang S, Chen A, Cao P, Zheng S. The BRD7-P53-SLC25A28 axis regulates 
ferroptosis in hepatic stellate cells. Redox Biol 2020; 36: 101619 [PMID: 32863216 DOI: 10.1016/j.redox.2020.101619]

65 Mao L, Zhao T, Song Y, Lin L, Fan X, Cui B, Feng H, Wang X, Yu Q, Zhang J, Jiang K, Wang B, Sun C. The emerging role of ferroptosis in 
non-cancer liver diseases: hype or increasing hope? Cell Death Dis 2020; 11: 518 [PMID: 32647111 DOI: 10.1038/s41419-020-2732-5]

66 Kim KM, Cho SS, Ki SH. Emerging roles of ferroptosis in liver pathophysiology. Arch Pharm Res 2020; 43: 985-996 [PMID: 33079307 DOI: 
10.1007/s12272-020-01273-8]

67 Sun J, Zhou C, Zhao Y, Zhang X, Chen W, Zhou Q, Hu B, Gao D, Raatz L, Wang Z, Nelson PJ, Jiang Y, Ren N, Bruns CJ, Zhou H. Quiescin 
sulfhydryl oxidase 1 promotes sorafenib-induced ferroptosis in hepatocellular carcinoma by driving EGFR endosomal trafficking and inhibiting 
NRF2 activation. Redox Biol 2021; 41: 101942 [PMID: 33770521 DOI: 10.1016/j.redox.2021.101942]

68 Li Y, Yang W, Zheng Y, Dai W, Ji J, Wu L, Cheng Z, Zhang J, Li J, Xu X, Wu J, Yang M, Feng J, Guo C. Targeting fatty acid synthase 
modulates sensitivity of hepatocellular carcinoma to sorafenib via ferroptosis. J Exp Clin Cancer Res 2023; 42: 6 [PMID: 36604718 DOI: 
10.1186/s13046-022-02567-z]

69 Li D, Pan J, Zhang Y, Li Y, Jin S, Zhong C, Chen P, Ma J, Hu W, Fan X, Lin H. C8orf76 Modulates Ferroptosis in Liver Cancer via 
Transcriptionally Up-Regulating SLC7A11. Cancers (Basel) 2022; 14 [PMID: 35884471 DOI: 10.3390/cancers14143410]

70 Cong T, Luo Y, Fu Y, Liu Y, Li Y, Li X. New perspectives on ferroptosis and its role in hepatocellular carcinoma. Chin Med J (Engl) 2022; 
135: 2157-2166 [PMID: 36525603 DOI: 10.1097/CM9.0000000000002327]

71 Yang W, Mu B, You J, Tian C, Bin H, Xu Z, Zhang L, Ma R, Wu M, Zhang G, Huang C, Li L, Shao Z, Dai L, Désaubry L, Yang S. Non-
classical ferroptosis inhibition by a small molecule targeting PHB2. Nat Commun 2022; 13: 7473 [PMID: 36463308 DOI: 
10.1038/s41467-022-35294-2]

72 Qiao C, Wang H, Guan Q, Wei M, Li Z. Ferroptosis-based nano delivery systems targeted therapy for colorectal cancer: Insights and future 
perspectives. Asian J Pharm Sci 2022; 17: 613-629 [PMID: 36382305 DOI: 10.1016/j.ajps.2022.09.002]

73 Zhou MT, Li ZY, Fan J, Li PD, Wang Y, Zhang S, Dai XF. Liver X receptors agonist T0901317 exerts ferroptosis sensitization in cancer. 
Neoplasma 2022; 69: 331-340 [PMID: 35081722 DOI: 10.4149/neo_2021_210810N1132]

74 Casini A, Leone S, Vaccaro R, Vivacqua G, Ceci L, Pannarale L, Franchitto A, Onori P, Gaudio E, Mancinelli R. The Emerging Role of 
Ferroptosis in Liver Cancers. Life (Basel) 2022; 12 [PMID: 36556493 DOI: 10.3390/life12122128]

75 Wu L, Zhong Y, Wu D, Xu P, Ruan X, Yan J, Liu J, Li X. Immunomodulatory Factor TIM3 of Cytolytic Active Genes Affected the Survival 
and Prognosis of Lung Adenocarcinoma Patients by Multi-Omics Analysis. Biomedicines 2022; 10 [PMID: 36140350 DOI: 
10.3390/biomedicines10092248]

76 Jia M, Zhang H, Qin Q, Hou Y, Zhang X, Chen D, Chen Y. Ferroptosis as a new therapeutic opportunity for nonviral liver disease. Eur J 
Pharmacol 2021; 908: 174319 [PMID: 34252441 DOI: 10.1016/j.ejphar.2021.174319]

77 Chen S, Zhu JY, Zang X, Zhai YZ. The Emerging Role of Ferroptosis in Liver Diseases. Front Cell Dev Biol 2021; 9: 801365 [PMID: 
34970553 DOI: 10.3389/fcell.2021.801365]

78 Peng Y, Li N, Tang F, Qian C, Jia T, Liu J, Xu Y. Corosolic acid sensitizes ferroptosis by upregulating HERPUD1 in liver cancer cells. Cell 
Death Discov 2022; 8: 376 [PMID: 36038536 DOI: 10.1038/s41420-022-01169-0]

79 Zhai X, Lin Y, Zhu L, Wang Y, Zhang J, Liu J, Li L, Lu X. Ferroptosis in cancer immunity and immunotherapy: Multifaceted interplay and 
clinical implications. Cytokine Growth Factor Rev 2024; 75: 101-109 [PMID: 37658030 DOI: 10.1016/j.cytogfr.2023.08.004]

80 Wu L, Li X, Qian X, Wang S, Liu J, Yan J. Lipid Nanoparticle (LNP) Delivery Carrier-Assisted Targeted Controlled Release mRNA Vaccines 
in Tumor Immunity. Vaccines (Basel) 2024; 12 [PMID: 38400169 DOI: 10.3390/vaccines12020186]

81 Yao F, Zhao Y, Ma L. LIF-ting ferroptosis to improve liver cancer therapy. Genes Dis 2022; 9: 1153-1155 [PMID: 35873019 DOI: 
10.1016/j.gendis.2022.02.013]

82 Yao Y, Shi Y, Gao Z, Sun Y, Yao F, Ma L. Ferroptosis at the crossroads of tumor-host interactions, metastasis, and therapy response. Am J 
Physiol Cell Physiol 2022; 323: C95-C103 [PMID: 35613358 DOI: 10.1152/ajpcell.00148.2022]

83 Iseda N, Itoh S, Toshida K, Tomiyama T, Morinaga A, Shimokawa M, Shimagaki T, Wang H, Kurihara T, Toshima T, Nagao Y, Harada N, 
Yoshizumi T, Mori M. Ferroptosis is induced by lenvatinib through fibroblast growth factor receptor-4 inhibition in hepatocellular carcinoma. 
Cancer Sci 2022; 113: 2272-2287 [PMID: 35466502 DOI: 10.1111/cas.15378]

84 Li Q, Chen K, Zhang T, Jiang D, Chen L, Jiang J, Zhang C, Li S. Understanding sorafenib-induced ferroptosis and resistance mechanisms: 
Implications for cancer therapy. Eur J Pharmacol 2023; 955: 175913 [PMID: 37460053 DOI: 10.1016/j.ejphar.2023.175913]

85 Bekric D, Ocker M, Mayr C, Stintzing S, Ritter M, Kiesslich T, Neureiter D. Ferroptosis in Hepatocellular Carcinoma: Mechanisms, Drug 
Targets and Approaches to Clinical Translation. Cancers (Basel) 2022; 14 [PMID: 35406596 DOI: 10.3390/cancers14071826]

86 Wu L, Li H, Liu Y, Fan Z, Xu J, Li N, Qian X, Lin Z, Li X, Yan J. Research progress of 3D-bioprinted functional pancreas and in vitro tumor 
models. Int J Bioprint 2024; 10: 1256 [DOI: 10.36922/ijb.1256]

87 Li H, Deng X, Zhang Z, Yang Z, Huang H, Ye X, Zhong L, Xu G, Liu R, Fang Y. Nitric oxide/paclitaxel micelles enhance anti-liver cancer 
effects and paclitaxel sensitivity by inducing ferroptosis, endoplasmic reticulum stress and pyroptosis. RSC Adv 2023; 13: 31772-31784 
[PMID: 37908648 DOI: 10.1039/d3ra04861f]

88 Zhang R, Kang R, Tang D. Ferroptosis in gastrointestinal cancer: from mechanisms to implications. Cancer Lett 2023; 561: 216147 [PMID: 
36965540 DOI: 10.1016/j.canlet.2023.216147]

89 Guo S, Chen Y, Xue X, Yang Y, Wang Y, Qiu S, Cui J, Zhang X, Ma L, Qiao Y, Wang J. TRIB2 desensitizes ferroptosis via βTrCP-mediated 
TFRC ubiquitiantion in liver cancer cells. Cell Death Discov 2021; 7: 196 [PMID: 34315867 DOI: 10.1038/s41420-021-00574-1]

90 Wu L, Zheng Y, Liu J, Luo R, Wu D, Xu P, Li X. Comprehensive evaluation of the efficacy and safety of LPV/r drugs in the treatment of 
SARS and MERS to provide potential treatment options for COVID-19. Aging (Albany NY) 2021; 13: 10833-10852 [PMID: 33879634 DOI: 
10.18632/aging.202860]

91 Yang H, Sun W, Bi T, Wang Q, Wang W, Xu Y, Liu Z, Li J. The PTBP1NCOA4 axis promotes ferroptosis in liver cancer cells. Oncol Rep 
2023; 49 [PMID: 36660932 DOI: 10.3892/or.2023.8482]
Fan S, Zhang S, Kong D, Wang H, Shi Y, Wang Z, Zheng H. Integrative Multi-Omics Analysis of Identified Ferroptosis-Marker RPL8 as a 
Candidate Oncogene Correlates with Poor Prognosis and Immune Infiltration in Liver Cancer. Comb Chem High Throughput Screen 2023; 26: 

92

http://www.ncbi.nlm.nih.gov/pubmed/36008384
https://dx.doi.org/10.1038/s41419-022-05173-1
http://www.ncbi.nlm.nih.gov/pubmed/33931597
https://dx.doi.org/10.1038/s41419-021-03718-4
http://www.ncbi.nlm.nih.gov/pubmed/32863216
https://dx.doi.org/10.1016/j.redox.2020.101619
http://www.ncbi.nlm.nih.gov/pubmed/32647111
https://dx.doi.org/10.1038/s41419-020-2732-5
http://www.ncbi.nlm.nih.gov/pubmed/33079307
https://dx.doi.org/10.1007/s12272-020-01273-8
http://www.ncbi.nlm.nih.gov/pubmed/33770521
https://dx.doi.org/10.1016/j.redox.2021.101942
http://www.ncbi.nlm.nih.gov/pubmed/36604718
https://dx.doi.org/10.1186/s13046-022-02567-z
http://www.ncbi.nlm.nih.gov/pubmed/35884471
https://dx.doi.org/10.3390/cancers14143410
http://www.ncbi.nlm.nih.gov/pubmed/36525603
https://dx.doi.org/10.1097/CM9.0000000000002327
http://www.ncbi.nlm.nih.gov/pubmed/36463308
https://dx.doi.org/10.1038/s41467-022-35294-2
http://www.ncbi.nlm.nih.gov/pubmed/36382305
https://dx.doi.org/10.1016/j.ajps.2022.09.002
http://www.ncbi.nlm.nih.gov/pubmed/35081722
https://dx.doi.org/10.4149/neo_2021_210810N1132
http://www.ncbi.nlm.nih.gov/pubmed/36556493
https://dx.doi.org/10.3390/life12122128
http://www.ncbi.nlm.nih.gov/pubmed/36140350
https://dx.doi.org/10.3390/biomedicines10092248
http://www.ncbi.nlm.nih.gov/pubmed/34252441
https://dx.doi.org/10.1016/j.ejphar.2021.174319
http://www.ncbi.nlm.nih.gov/pubmed/34970553
https://dx.doi.org/10.3389/fcell.2021.801365
http://www.ncbi.nlm.nih.gov/pubmed/36038536
https://dx.doi.org/10.1038/s41420-022-01169-0
http://www.ncbi.nlm.nih.gov/pubmed/37658030
https://dx.doi.org/10.1016/j.cytogfr.2023.08.004
http://www.ncbi.nlm.nih.gov/pubmed/38400169
https://dx.doi.org/10.3390/vaccines12020186
http://www.ncbi.nlm.nih.gov/pubmed/35873019
https://dx.doi.org/10.1016/j.gendis.2022.02.013
http://www.ncbi.nlm.nih.gov/pubmed/35613358
https://dx.doi.org/10.1152/ajpcell.00148.2022
http://www.ncbi.nlm.nih.gov/pubmed/35466502
https://dx.doi.org/10.1111/cas.15378
http://www.ncbi.nlm.nih.gov/pubmed/37460053
https://dx.doi.org/10.1016/j.ejphar.2023.175913
http://www.ncbi.nlm.nih.gov/pubmed/35406596
https://dx.doi.org/10.3390/cancers14071826
https://dx.doi.org/10.36922/ijb.1256
http://www.ncbi.nlm.nih.gov/pubmed/37908648
https://dx.doi.org/10.1039/d3ra04861f
http://www.ncbi.nlm.nih.gov/pubmed/36965540
https://dx.doi.org/10.1016/j.canlet.2023.216147
http://www.ncbi.nlm.nih.gov/pubmed/34315867
https://dx.doi.org/10.1038/s41420-021-00574-1
http://www.ncbi.nlm.nih.gov/pubmed/33879634
https://dx.doi.org/10.18632/aging.202860
http://www.ncbi.nlm.nih.gov/pubmed/36660932
https://dx.doi.org/10.3892/or.2023.8482


Shu YJ et al. Ferroptosis in HCC

WJGO https://www.wjgnet.com 2349 June 15, 2024 Volume 16 Issue 6

1298-1310 [PMID: 36017842 DOI: 10.2174/1386207325666220823122942]
93 Yang F, Sun SY, Wang S, Guo JT, Liu X, Ge N, Wang GX. Molecular regulatory mechanism of ferroptosis and its role in gastrointestinal 

oncology: Progress and updates. World J Gastrointest Oncol 2022; 14: 1-18 [PMID: 35116100 DOI: 10.4251/wjgo.v14.i1.1]
94 Zhang J, Ye ZW, Morgenstern R, Townsend DM, Tew KD. Microsomal glutathione transferase 1 in cancer and the regulation of ferroptosis. 

Adv Cancer Res 2023; 160: 107-132 [PMID: 37704286 DOI: 10.1016/bs.acr.2023.05.001]
95 Shan Y, Yang G, Huang H, Zhou Y, Hu X, Lu Q, Guo P, Hou J, Cao L, Tian F, Pan Q. Ubiquitin-Like Modifier Activating Enzyme 1 as a 

Novel Diagnostic and Prognostic Indicator That Correlates With Ferroptosis and the Malignant Phenotypes of Liver Cancer Cells. Front Oncol 
2020; 10: 592413 [PMID: 33344241 DOI: 10.3389/fonc.2020.592413]

96 Ren X, Li Y, Zhou Y, Hu W, Yang C, Jing Q, Zhou C, Wang X, Hu J, Wang L, Yang J, Wang H, Xu H, Li H, Tong X, Wang Y, Du J. 
Overcoming the compensatory elevation of NRF2 renders hepatocellular carcinoma cells more vulnerable to disulfiram/copper-induced 
ferroptosis. Redox Biol 2021; 46: 102122 [PMID: 34482117 DOI: 10.1016/j.redox.2021.102122]

97 Tian K, Wei J, Wang R, Wei M, Hou F, Wu L. Sophoridine derivative 6j inhibits liver cancer cell proliferation via ATF3 mediated ferroptosis. 
Cell Death Discov 2023; 9: 296 [PMID: 37580343 DOI: 10.1038/s41420-023-01597-6]

98 Chen Y, Zhu G, Liu Y, Wu Q, Zhang X, Bian Z, Zhang Y, Pan Q, Sun F. O-GlcNAcylated c-Jun antagonizes ferroptosis via inhibiting GSH 
synthesis in liver cancer. Cell Signal 2019; 63: 109384 [PMID: 31394193 DOI: 10.1016/j.cellsig.2019.109384]

99 Sahebkar A, Foroutan Z, Katsiki N, Jamialahmadi T, Mantzoros CS. Ferroptosis, a new pathogenetic mechanism in cardiometabolic diseases 
and cancer: Is there a role for statin therapy? Metabolism 2023; 146: 155659 [PMID: 37442270 DOI: 10.1016/j.metabol.2023.155659]

100 Macías-Rodríguez RU, Inzaugarat ME, Ruiz-Margáin A, Nelson LJ, Trautwein C, Cubero FJ. Reclassifying Hepatic Cell Death during Liver 
Damage: Ferroptosis-A Novel Form of Non-Apoptotic Cell Death? Int J Mol Sci 2020; 21 [PMID: 32121273 DOI: 10.3390/ijms21051651]

101 Grube J, Woitok MM, Mohs A, Erschfeld S, Lynen C, Trautwein C, Otto T. ACSL4-dependent ferroptosis does not represent a tumor-
suppressive mechanism but ACSL4 rather promotes liver cancer progression. Cell Death Dis 2022; 13: 704 [PMID: 35963845 DOI: 
10.1038/s41419-022-05137-5]

102 Wu L, Chen X, Zeng Q, Lai Z, Fan Z, Ruan X, Li X, Yan J. NR5A2 gene affects the overall survival of LUAD patients by regulating the 
activity of CSCs through SNP pathway by OCLR algorithm and immune score. Heliyon 2024; HLY 28282 [DOI: 
10.1016/j.heliyon.2024.e28282]

103 Gnanapradeepan K, Indeglia A, Stieg DC, Clarke N, Shao C, Dougherty JF, Murali N, Murphy ME. PLTP is a p53 target gene with roles in 
cancer growth suppression and ferroptosis. J Biol Chem 2022; 298: 102637 [PMID: 36309086 DOI: 10.1016/j.jbc.2022.102637]

104 Xu FL, Wu XH, Chen C, Wang K, Huang LY, Xia J, Liu Y, Shan XF, Tang N. SLC27A5 promotes sorafenib-induced ferroptosis in 
hepatocellular carcinoma by downregulating glutathione reductase. Cell Death Dis 2023; 14: 22 [PMID: 36635256 DOI: 
10.1038/s41419-023-05558-w]

105 Huang W, Chen K, Lu Y, Zhang D, Cheng Y, Li L, Huang W, He G, Liao H, Cai L, Tang Y, Zhao L, Pan M. ABCC5 facilitates the acquired 
resistance of sorafenib through the inhibition of SLC7A11-induced ferroptosis in hepatocellular carcinoma. Neoplasia 2021; 23: 1227-1239 
[PMID: 34768109 DOI: 10.1016/j.neo.2021.11.002]

106 Liang Y, Su S, Lun Z, Zhong Z, Yu W, He G, Wang Q, Wang J, Huang S. Ferroptosis regulator SLC7A11 is a prognostic marker and 
correlated with PD-L1 and immune cell infiltration in liver hepatocellular carcinoma. Front Mol Biosci 2022; 9: 1012505 [PMID: 36267158 
DOI: 10.3389/fmolb.2022.1012505]

107 Liu JL, Tong L, Luo Y, Gao YJ. [Cryptotanshinone May Induce Ferroptosis of Human Liver Cancer HepG2 Cells]. Zhongguo Yi Xue Ke Xue 
Yuan Xue Bao 2021; 43: 366-370 [PMID: 34238412 DOI: 10.3881/j.issn.1000-503X.13115]

108 Shan Y, Yang G, Lu Q, Hu X, Qi D, Zhou Y, Xiao Y, Cao L, Tian F, Pan Q. Centrosomal protein 290 is a novel prognostic indicator that 
modulates liver cancer cell ferroptosis via the Nrf2 pathway. Aging (Albany NY) 2022; 14: 2367-2382 [PMID: 35271462 DOI: 
10.18632/aging.203946]

109 Hu Z, Zhang H, Liu W, Yin Y, Jiang J, Yan C, Wang Y, Li L. Mechanism of HBV-positive liver cancer cell exosomal miR-142-3p by 
inducing ferroptosis of M1 macrophages to promote liver cancer progression. Transl Cancer Res 2022; 11: 1173-1187 [PMID: 35706810 DOI: 
10.21037/tcr-22-96]

110 Tang R, Luo J, Zhu X, Miao P, Tang H, Jian Y, Ruan S, Ling F, Tang M. Recent progress in the effect of ferroptosis of HSCs on the 
development of liver fibrosis. Front Mol Biosci 2023; 10: 1258870 [PMID: 37860583 DOI: 10.3389/fmolb.2023.1258870]

http://www.ncbi.nlm.nih.gov/pubmed/36017842
https://dx.doi.org/10.2174/1386207325666220823122942
http://www.ncbi.nlm.nih.gov/pubmed/35116100
https://dx.doi.org/10.4251/wjgo.v14.i1.1
http://www.ncbi.nlm.nih.gov/pubmed/37704286
https://dx.doi.org/10.1016/bs.acr.2023.05.001
http://www.ncbi.nlm.nih.gov/pubmed/33344241
https://dx.doi.org/10.3389/fonc.2020.592413
http://www.ncbi.nlm.nih.gov/pubmed/34482117
https://dx.doi.org/10.1016/j.redox.2021.102122
http://www.ncbi.nlm.nih.gov/pubmed/37580343
https://dx.doi.org/10.1038/s41420-023-01597-6
http://www.ncbi.nlm.nih.gov/pubmed/31394193
https://dx.doi.org/10.1016/j.cellsig.2019.109384
http://www.ncbi.nlm.nih.gov/pubmed/37442270
https://dx.doi.org/10.1016/j.metabol.2023.155659
http://www.ncbi.nlm.nih.gov/pubmed/32121273
https://dx.doi.org/10.3390/ijms21051651
http://www.ncbi.nlm.nih.gov/pubmed/35963845
https://dx.doi.org/10.1038/s41419-022-05137-5
https://dx.doi.org/10.1016/j.heliyon.2024.e28282
http://www.ncbi.nlm.nih.gov/pubmed/36309086
https://dx.doi.org/10.1016/j.jbc.2022.102637
http://www.ncbi.nlm.nih.gov/pubmed/36635256
https://dx.doi.org/10.1038/s41419-023-05558-w
http://www.ncbi.nlm.nih.gov/pubmed/34768109
https://dx.doi.org/10.1016/j.neo.2021.11.002
http://www.ncbi.nlm.nih.gov/pubmed/36267158
https://dx.doi.org/10.3389/fmolb.2022.1012505
http://www.ncbi.nlm.nih.gov/pubmed/34238412
https://dx.doi.org/10.3881/j.issn.1000-503X.13115
http://www.ncbi.nlm.nih.gov/pubmed/35271462
https://dx.doi.org/10.18632/aging.203946
http://www.ncbi.nlm.nih.gov/pubmed/35706810
https://dx.doi.org/10.21037/tcr-22-96
http://www.ncbi.nlm.nih.gov/pubmed/37860583
https://dx.doi.org/10.3389/fmolb.2023.1258870


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	THE MECHANISM OF FERROPTOSIS
	Definition and mechanism of ferroptosis
	The mechanism of ferroptosis
	Iron metabolism disorder
	ROS accumulation
	Inducers and inhibitors of ferroptosis

	MECHANISM OF FERROPTOSIS IN PRIMARY LIVER CANCER
	REGULATORY FACTORS INVOLVED IN FERROPTOSIS OF LIVER CANCER
	Activation of the P62-Keap1-Nucleotide erythroid 2 phase related nucleotide 2 pathway inhibits ferroptosis in HCC cells
	Protective effect of S1R on ferroptosis in HCC cells
	MicroRNA-214-3p targets ATF4 in liver cancer cells to enhance erastin induced ferroptosis
	Long-chain non-coding RNAs-GABPB1-AS1 and GABPB1 regulate oxidative stress during erastin induced ferroptosis in HepG2 cells

	FERROPTOSIS IS INVOLVED IN THE TREATMENT OF LIVER CANCER
	Ferroptosis of HCC cells was induced by endogenous pathway
	Ferroptosis of HCC cells is induced by exogenous pathway

	THE SIGNIFICANCE OF LIPID PEROXIDATION AND ABNORMAL METABOLISM IN HCC
	The basic process of lipid peroxidation
	The role of lipid metabolism in liver cancer

	CONCLUSION
	FOOTNOTES
	REFERENCES

