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Abstract
This editorial discusses a recently published paper in the World Journal of Gastroen-
terology. Our research focuses on p53's regulatory mechanism for controlling 
ferroptosis, as well as the intricate connection between ferroptosis and liver 
diseases. Ferroptosis is a specific form of programmed cell death that is de-
pendent on iron and displays unique features in terms of morphology, biology, 
and genetics, distinguishing it from other forms of cell death. Ferroptosis can 
affect the liver, which is a crucial organ responsible for iron storage and meta-
bolism. Mounting evidence indicates a robust correlation between ferroptosis and 
the advancement of liver disorders. P53 has a dual effect on ferroptosis through 
various distinct signaling pathways. However, additional investigations are 
required to clarify the regulatory function of p53 metabolic targets in this complex 
association with ferroptosis. In the future, researchers should clarify the 
mechanisms by which ferroptosis and other forms of programmed cell death 
contribute to the progression of liver diseases. Identifying and controlling 
important regulatory factors associated with ferroptosis present a promising 
therapeutic strategy for liver disorders.
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Core Tip: Ferroptosis is closely linked to the development and advancement of different liver diseases. A comprehensive 
examination of the fundamental processes and controlling factors that govern ferroptosis offer new perspectives and 
potential strategies for the prevention, diagnosis, and treatment of liver diseases. Recent studies have discovered that drugs 
that control ferroptosis, as well as interventions that focus on iron metabolism and oxidative stress, have the potential to be 
used in the prevention and treatment of liver diseases.

Citation: Lai MS, Yan XP, Branch DR, Loriamini M, Chen LM. Ferroptosis in liver diseases: Fundamental mechanism and clinical 
implications. World J Gastroenterol 2024; 30(32): 3730-3738
URL: https://www.wjgnet.com/1007-9327/full/v30/i32/3730.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i32.3730

INTRODUCTION
Various factors influence liver disease, which poses a substantial risk to global health[1,2]. Cell death is an essential 
mechanism of self-destruction that has a substantial impact on embryonic development, organ upkeep, and cellular aging
[3]. Additionally, it has a crucial function in controlling immune responses and preventing the occurrence of autoim-
munity by eliminating dysfunctional or excessive cells[4]. Genetically regulated mechanisms such as apoptosis, 
necroptosis, autophagy, and pyroptosis, as well as metabolic abnormalities like ferroptosis, can initiate this process of 
self-destruction. The occurrence and dysregulation of cell death have a significant impact on the development and 
prognosis of numerous liver diseases[5,6]. Consequently, conducting a comprehensive examination of the mechanisms 
that govern cell death in liver diseases may result in novel therapeutic concepts that enhance both prognosis and 
treatment efficacy[6]. We anticipate that continuous research endeavours in this domain will result in additional findings 
and advancements.

Ferroptosis has become a central focus in liver disease research in recent years. In 2012, the laboratory of Dixon et al[7] 
at Columbia University discovered ferroptosis, a distinct form of programmed cell death that relies on iron. As a specific 
form of cell death, ferroptosis is triggered by the combined effects of elevated iron levels, lipid oxidation, and damage to 
the plasma membrane[8]. Ferroptosis demonstrates unique molecular mechanisms that distinguish it from other forms of 
programmed cell death, including apoptosis, necroptosis, pyroptosis, and autophagy[9,10].

Ferroptosis is influenced by various processes, including the enzyme glutathione peroxidase 4 (GPX4), iron 
metabolism, lipid metabolism, and the regulation of specific genes[11]. Ferroptosis is strongly associated with a lack of 
cystine. Peptide bonds are responsible for the synthesis of glutathione (GSH), which is a vital antioxidant found within 
cells. Glycine, glutamate, and cysteine combine to produce GSH, which plays a crucial role in storing cysteine[12]. GPX4 
functions as an antioxidant and plays a significant role in the cystine/glutamate antiporter system (system Xc-). GPX4 
plays a critical role in reducing phospholipid hydroperoxides in the cell membrane, which is necessary to prevent cell 
ferroptosis[12]. Conversely, GPX4 requires GSH to function. Decreased levels of GSH cause the enzyme GPX4 to cease its 
activity, resulting in the process of lipid peroxidation and leading to ferroptosis[13]. Reports have established a 
connection between iron metabolism and ferroptosis. Iron ions play an active role in generating free radicals, which 
subsequently induce the peroxidation of lipids in cell membranes. In addition, iron can engage in the Fenton reaction and 
promote the generation of free radicals, which in turn intensify lipid peroxidation and cellular harm.

Reactive oxygen species (ROS) are a wide range of oxygen derivatives that play a role in aging and disease processes
[14,15]. An overabundance of ROS can trigger oxidative stress, resulting in the oxidation of lipids, denaturation of 
proteins, and damage to DNA[16]. An imbalance in iron metabolism results in elevated levels of ROS, which in turn 
induce oxidative stress. Excessive lipid-derived ROS have the potential to initiate ferroptosis[17]. Lipid metabolism can 
have an impact on iron metabolism, which in turn influences the occurrence of ferroptosis[18].

Research has demonstrated that phospholipidp hosphatidylethanolamine (PE) plays a crucial role in triggering 
ferroptosis[19]. The biosynthesis and remodeling of PE require the active involvement of Acyl-CoA synthetase long-chain 
family member 4 (ACSL4) and lysophosphatidylcholine acyltransferase 3 (LPCAT3). These enzymes play a role in 
activating polyunsaturated fatty acids and adjusting their properties across cell membranes[20]. Consequently, the 
reduction of ACSL4 and LPCAT3 expression effectively inhibits the accumulation of lipid peroxide substrates within 
cells, thereby halting ferroptosis[21,22].

The regulation of certain crucial genes is of utmost importance in a wide range of fundamental biological processes, 
including cell differentiation, stress response, tissue homeostasis, and immune system function[23]. Specific genes encode 
proteins that play a role in iron metabolism, antioxidant systems, and lipid metabolism. Changes in the patterns of gene 
expression can then influence the way that cells respond to ferroptosis[24]. As an illustration, the tumor suppressor p53 
inhibits the absorption of cystine and increases the likelihood of cells undergoing ferroptosis by reducing the expression 
of SLC7A11, a crucial component of system Xc-[25]. In addition, ferroptosis is regulated by three antioxidant pathways, 
namely, the cyst(e)ine/GSH/GPX4 pathway, the GCH1/BH4/DHFR pathway, and the ferroptosis/coenzyme Q10 
(CoQ10) pathway, all of which are supported by nicotinamide adenine dinucleotide phosphate[26].

The liver is a vital organ in the human body, serving as the primary site for anabolic processes and playing a critical 
role in regulating lipid and glucose metabolism[27]. In hepatocytes, ROS are primarily generated in the mitochondria and 
endoplasmic reticulum during cellular metabolism. The metabolism of both naturally occurring and exogenous 
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substances in hepatocytes play a role in the production of iron ions and ROS. The iron-mediated Fenton reaction and 
enzymatic oxygenation, which are unique features of ferroptosis, are accountable for lipid peroxidation and toxic ROS 
production[28]. Therefore, due to its crucial role in storing and processing iron, the liver is a key location for ferroptosis
[29]. Consequently, the liver is susceptible to harm caused by oxidative stress and the occurrence of ferroptosis. Studies 
have established a connection between ferroptosis and the occurrence of different diseases, including cancer, 
cardiovascular disease, neurodegenerative disorders, kidney diseases, and specifically liver diseases[11]. Ferroptosis 
associated liver diseases include acute liver failure (ALF), alcohol-related liver disease, non-alcoholic steatohepatitis, and 
hepatocellular carcinoma[30].

In summary, the intricate correlation between the physiological and pathological impacts of ferroptosis suggests its 
potential as a therapeutic target for various liver diseases. The objective of this editorial is to provide a commentary on 
the study conducted by Zhou et al[31] and present a comprehensive overview of the mechanism, significance, and present 
state of research of ferroptosis as it relates to liver diseases. This will pave the way for future novel methods of diagnosing 
and treating these diseases.

ROLE OF FERROPTOSIS IN PATHOGENESIS OF LIVER DISEASES
Multiple reports have documented the role and mechanism of ferroptosis in the pathophysiology of liver disease. The 
latest edition of the World Journal of Gastroenterology features a noteworthy study by Zhou et al[31] titled “Silent 
information regulator sirtuin 1 ameliorates acute liver failure via the p53/glutathione peroxidase 4/gasdermin D axis”. 
This study aimed to clarify the relationship between ferroptosis and pyroptosis as well as the regulatory mechanisms that 
control them in ALF. The authors conducted the study using a population-based approach. Initially, they noted elevated 
levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and markers of inflammation in the blood of 
patients with ALF. In addition, liver tissue samples from patients with ALF exhibited iron accumulation. There was a 
concurrent reduction in the levels of GPX4 and SLC7A11, both of which function as suppressors of ferroptosis, along with 
elevated expression of the pyroptosis marker gasdermin D protein (GSDMD). The results show that ALF activates both 
ferroptosis and pyroptosis.

Huang et al[32] demonstrated the simultaneous occurrence of apoptosis and ferroptosis in a mouse model of ALF. 
Additionally, they discovered that inhibiting either apoptosis or ferroptosis can significantly decrease the occurrence of 
LPS/D-GalN-induced ALF. Acetaminophen (APAP) overdose is a common reason for drug-induced liver damage and 
ALF[33-35]. Liu et al[9] observed significant hepatocytic ferroptosis and pyroptosis in a mouse model of APAP-induced 
ALF. They discovered that 3,4-dihydroxyphenylethyl alcohol glycoside  has the potential to treat APAP-induced ALF by 
inhibiting ferroptosis and pyroptosis in liver cells. Another study demonstrated that liproxstatin-1, a substance that 
inhibits ferroptosis, effectively reduced liver damage and fibrosis in a mouse model of metabolic dysfunction-associated 
fatty liver disease[36]. This could be attributed to its regulation of PANOptosis, a process that encompasses pyroptosis, 
apoptosis, and necroptosis[36]. These studies collectively presented convincing evidence that various forms of 
programmed cell death, such as ferroptosis and pyroptosis, play a significant role in liver diseases. Combined, these 
studies show that pharmacological substances that target ferroptosis can alleviate the advancement of hepatic diseases in 
vitro and in vivo.

The study conducted by Zhou et al[31] demonstrated an increase in the expression levels of p53 and acetylated p53 (Ac-
p53) in human ALF liver tissues. The researchers observed a significant rise in animal survival, a reduction in inflam-
matory cytokines, and a decrease of p53 expression following the administration of inhibitors for ferroptosis and 
pyroptosis. The p53 gene, an essential tumor suppressor, has a central role in cellular growth, differentiation, apoptosis, 
DNA repair, and metabolism[37]. Increasing evidence indicates that p53 utilizes ferroptosis as a mechanism to exert its 
anticancer effects[38,39].

There are reports indicating that p53 can regulate ferroptosis in two directions through various signaling pathways. As 
an illustration, p53 enhances the process of ferroptosis by increasing the levels of SLC25A28 and SAT1 (spermidine/
spermine N1-acetyltransferase 1)[40,41] and reducing the activity of SLC7A11, thereby making cells more susceptible to 
ferroptosis[25]. Under stress and damage to DNA, p53 triggers cell death pathways like ferroptosis to eliminate damaged 
cells[42]. The deliberate promotion of ferroptosis plays a role in suppressing tumors and eliminating abnormal cells. 
Nevertheless, p53 can additionally inhibit ferroptosis by controlling metabolic pathways, triggering anti-oxidative stress 
mechanisms, and adjusting mitochondrial function. For instance, p53 can enhance the functionality of GPX4 by activating 
p21. This facilitates the elimination of toxic lipids and ROS, thereby halting the process of ferroptosis[43]. Xie et al[44] 
demonstrated that p53 inhibits the function of dipeptidyl peptidase-4, which is associated with its ability to halt erastin-
induced ferroptosis.

The interaction between ferroptosis and the regulatory role of p53 in various liver disorders are complex. Zhou et al[31] 
observed elevated levels of p53 and Ac-p53 in human ALF liver tissues. Researchers discovered a negative correlation 
between the levels of p53 and the levels of SLC7A11 and GPX4. As a result, ferroptosis and pyroptosis ensued. Moreover, 
in an ALF mouse model, the use of drugs to block p53 activity and enhance GPX4 activity effectively reduced AST and 
ALT levels, as well as inflammatory reactions. This study demonstrated the crucial function of SIRT1 in protecting 
hepatocytes from cell death in ALF by specifically investigating the processes of ferroptosis and pyroptosis and 
modulating the p53/GPX4/GSDMD pathway. Moreover, it offered new perspectives on the dual regulatory role of 
SIRT1, which controls both the ferroptosis and pyroptosis processes. This discovery implies the possibility of targeting 
SIRT1 for therapeutic purposes.
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It is important to recognize certain constraints in the present study. First, the research findings may lack generaliz-
ability due to the small sample size of only 30 ALF patients and control samples included in the study. Furthermore, the 
authors failed to examine the demographic and clinical traits of individuals with ALF and healthy controls, and they did 
not present any clinical proof of a connection between ferroptosis and ALF. Furthermore, this study did not examine or 
monitor the enduring consequences of ferroptosis inhibitors (pifithrin-α and liproxstatin 1) and pyrodeath inhibitors 
(GSDMD) on ALF.

Ferroptosis plays a dual role in liver disease. Under specific oxidative stress conditions, it can facilitate the elimination 
of impaired or anomalous cells, thereby halting inflammation and fibrosis. Conversely, an excessive amount of ferroptosis 
can result in liver damage, leading to an inflammatory reaction and accelerating the advancement of fibrosis. Additional 
research is required to investigate the following areas: (1) Understanding the mechanisms that cause and promote 
ferroptosis; (2) Examining the therapeutic impact of small molecules that target ferroptosis on liver diseases in a larger 
group of participants; and (3) Confirming the safety and effectiveness of drugs that target this condition. In the future, it 
is crucial to thoroughly examine the connections between alterations in ferroptosis mechanisms and the recurrence of 
diseases from different perspectives. Additionally, it is important to conduct prospective studies to explore the links 
between ferroptosis and the prognosis of diseases.

By possessing a comprehensive understanding of the intricate workings associated with ferroptosis, we can readily 
discern potential therapeutic targets for enhanced control of diverse liver ailments. Figure 1 depicts the interplay between 
GPX4, iron homeostasis, lipid peroxidation, and the modulation of specific genes in influencing ferroptosis.

IMPACTS OF FERROPTOSIS IN RELATION TO OTHER TYPES OF CELL DEATH IN LIVER DISEASES
Apoptosis is a form of cellular death that is regulated by genetic factors. The characteristic features of this condition 
include the shrinkage of cells, increased chromatin, the formation of apoptotic bodies, DNA fragmentation, and the 
absence of inflammation[45]. Necroptosis is a type of programmed cell death that occurs when receptor-interacting 
protein kinase 1 and receptor-interacting protein kinase 3 interact after the activation of death domain receptors[46]. This 
process is characterized by the swelling of cells, the disruption of the integrity of the cell membrane, the induction of 
inflammation, and the dependence on energy metabolism[47]. Pyroptosis, an inflammatory form of programmed cell 
death, facilitated by cysteine proteinease, is characterized by cellular swelling with multiple bubble-like protrusions, 
subsequent cell membrane rupture, and the consequent release of cellular contents, leading to a robust inflammatory 
reaction[48]. Autophagy is a cellular process that involves the degradation of damaged organelles, misfolded proteins, 
and other large molecules within lysosomes. This process is essential for maintaining cell homeostasis. The process 
involves the formation of bilayer membrane structures called autophagosomes, which surround and encapsulate 
degraded substances. These autophagosomes then fuse with lysosomes to complete the breakdown of these substances
[49].

Cell death is a crucial physiological process in living organisms that is executed through intricate mechanisms, which 
mutually influence the development and prognosis of diseases[50]. While various cell death forms are classified 
according to their specific causes and distinct morphologies, the activation of signaling molecules in cell death pathways 
is typically interconnected, resulting in pleiotropic effects.

Research has demonstrated the existence of a reciprocal relationship between ferroptosis and pyroptosis. Zhou et al[31] 
determined the significance of ferroptosis and pyroptosis in the progression of ALF. In addition, they highlighted the 
involvement of SIRT1 in this process through its interaction with the p53/GPX4/GSDMD signaling pathway. Another 
study discovered that pyroptosis and ferroptosis collaborated in an ALF model induced by polystyrene microplastics
[51]. Nevertheless, there exist antagonistic mechanisms between ferroptosis and pyroptosis. It was discovered that the 
breast cancer susceptibility gene 1/breast cancer susceptibility gene 2-containing complex subunit 36 uses an enzyme to 
remove ubiquitin from 3-hydroxy-3-methylglutaryl-coenzyme A reductase. This stopped ferroptosis and promoted 
pyroptosis[52].

Signal transduction involves the activation of common cell death triggers, resulting in both apoptosis and necroptosis. 
These two processes intersect at multiple points. An example of this is that when cells are exposed to signals that trigger 
programmed cell death, an enzyme called caspase-8 cleaves receptor-interacting protein 3 (RIP3). RIP3, in its complete 
form, plays a role in both caspase-dependent and -independent pathways of programmed cell death[53]. Ferroptosis and 
apoptosis have mutual regulatory mechanisms. Mitochondrial release of cytochrome c acts as a catalyst for apoptosis. 
Afterwards, interference with the mitochondrial electron transport chain produces ROS, which have the potential to 
cause ferroptosis[54]. Conversely, ROS generated during ferroptosis initiate the oxidation of polyunsaturated 
phospholipids, thereby facilitating mitochondrial apoptosis[55]. ALF establishes a close connection between ferroptosis 
and autophagy. The drug sulforaphane activates the nuclear factor erythroid 2-related factor 2 signaling pathway. This 
pathway controls cellular autophagy and can also mitigate ferroptosis and decrease liver damage[56].

In summary, ferroptosis and other types of cell death have a reciprocal influence on each other and have a substantial 
impact on the development of liver diseases. Together, they contribute to the initiation and progression of these diseases
[57,58]. To gain a comprehensive understanding of the detrimental mechanisms responsible for liver diseases and 
develop efficacious therapies, it is crucial to thoroughly investigate their intricate interplay.
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Figure 1 Mechanisms by which glutathione peroxidase 4, iron homeostasis, lipid peroxidation, and regulation of some key genes 
influence ferroptosis. The diagram illustrates the regulatory pathways of ferroptosis, which can be categorized into three main groups. The gluta-
thione/glutathione peroxidase 4 pathway plays a role in regulating several processes, such as system Xc- inhibition, glutamine metabolism, and the p53 signaling 
axis. Furthermore, iron metabolism is influenced by regulatory mechanisms such as the p62-kelch like ECH associated protein 1-nuclear factor erythroid 2-related 
factor 2 pathway. Finally, the pathways associated with lipid metabolism, namely, p53-SAT1-arachidonate (15S)-lipoxygenase, acyl coenzyme a synthetase long 
chain family, member 4, and lysophosphatidylcholine acyltransferase 3, play an important role regulating lipids and enhancing the rate of ferroptosis. In addition, the 
ferroptosis-coenzyme Q10-nicotinamide adenine dinucleotide phosphate pathway prevents phospholipid peroxidation and inhibits ferroptosis. Glu: Glutamic acid; 
NRF2: Nuclear factor erythroid 2-related factor 2; SLC7A11: Solute carrier family 7 member 11; SLC3A2: Solute carrier family 3 member 2; System Xc-: 
Cystine/glutamate antiporter (Xc-) system; GSH: Glutathione; GSSH: Glutathione oxidized; GPX4: Glutathione peroxidase 4; ROS: Reactive oxygen species; GTP: 
Guanosine triphosphate; CoQ10: Coenzyme Q10; CoQ10H2: Reduced coenzyme Q-10; GCH1: GTP cyclohydrolase 1; BH4: Tetrahydrobiopterin; NADPH: 
Nicotinamide adenine dinucleotide phosphate; HO-1: Heme oxygenase-1; L-OH: Lipid hydrogen peroxide; L-OOH: Lipid peroxide; ALOX15: Arachidonate (15S)-
lipoxygenase; LOX: Lysine oxidase; ACSL4: Acyl coenzyme a synthetase long chain family, member 4; LPCAT3: Lysophosphatidylcholine acyltransferase 3; iFSP1: 
Inhibitor of ferroptosis; FSP1: Ferroptosis; PUFAs: Polyunsaturated fatty acids; PUFA-PE: Polyunsaturated fatty acids-phosphatidylethanolamine; FPN: Ferroportin; 
STEAP3: Six transmembrane epithelial antigen of the prostate 3; DMT1: Divalent metal transporter 1; IREB2: Iron-regulated element binding protein 2; TF: 
Transferrin; TFR1: Transferrin receptor 1; HSPB1: Heat shock protein beta-1; Keap1: Kelch like ECH associated protein 1.

CLINICAL IMPLICATIONS
Ferroptosis has diverse clinical implications in liver diseases, encompassing a range of applications: (1) Assessment: 
Identifying biomarkers associated with ferroptosis aids in the diagnosis and staging of liver diseases. To illustrate, 
evaluating the levels of iron ions, lipid peroxidation products, antioxidant enzyme activity, and other indicators allows us 
to ascertain the condition of ferroptosis in liver cells; (2) Therapy: Therapeutic approaches that focus on targeting 
ferroptosis offer new strategies for managing liver disease. Examples involve the utilization of iron chelators to decrease 
the levels of iron ions within cells, the use of antioxidants to alleviate damage caused by lipid peroxidation, and the 
modulation of lipid metabolism to improve the treatment outcomes of liver diseases; (3) Pharmaceutical research and 
development: Studying the mechanisms that cause ferroptosis could provide valuable insights into new targets for 
intervening in liver disease. This encompasses medications that specifically target signaling pathways associated with 
ferroptosis or regulate the balance of iron ions within cells; and (4) Personalized targeted therapy: The processes of 
ferroptosis exhibit variability among individuals and across different liver diseases. Thus, evaluating the ferroptosis 
condition of patients allows for tailored treatments to enhance the effectiveness of therapy. Figure 2 provides an overview 
of the strategies used to specifically target ferroptosis to treat liver diseases.
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Figure 2 Strategies targeting ferroptosis for treatment of liver diseases. Ferroptosis has been associated with various liver diseases, including fatty 
liver disease, acute liver injury, chronic and acute liver failure, hepatitis, liver fibrosis/cirrhosis, and liver cancer. Compounds that inhibit or induce ferroptosis have the 
potential to impact the development of liver diseases. System Xc-: Cystine/glutamate antiporter (Xc-) system; GPX4: Glutathione peroxidase 4; CoQ10: Coenzyme 
Q10; GCH1: Guanosine triphosphate cyclohydrolase 1; BH4: Tetrahydrobiopterin.

The clinical implementation of targeting ferroptosis for liver disorders is currently in the research stage. Additional 
clinical trials and studies are required to confirm its efficacy and safety profile. Furthermore, it is essential to conduct a 
comprehensive examination of the intricate interaction between ferroptosis and other types of cellular death in order to 
devise more comprehensive and individualized therapeutic strategies.

CONCLUSION
In summary, ferroptosis has a significant impact on the development and advancement of liver diseases. Further invest-
igation into the mechanism that causes ferroptosis will provide new opportunities and ideas for more effective treatment 
of liver disorders.

FOOTNOTES
Author contributions: Chen LM was responsible for designing the overall concept and outline of the manuscript; Lai MS and Yan XP 
contributed to the writing and editing of the manuscript; Branch DR and Loriamini M polished the language; all the authors have read 
and revised the final manuscript.

Supported by The Guangxi Natural Science Foundation Youth Science Foundation, No. 2024GXNSFBA010047.

Conflict-of-interest statement: There is no conflict of interest associated with any of authors who contributed their efforts in this 
manuscript.

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 



Lai MS et al. Role of ferroptosis in liver diseases

WJG https://www.wjgnet.com 3736 August 28, 2024 Volume 30 Issue 32

original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: China

ORCID number: Li-Min Chen 0000-0001-5228-3522.

S-Editor: Luo ML 
L-Editor: Wang TQ 
P-Editor: Chen YX

REFERENCES
1 Devarbhavi H, Asrani SK, Arab JP, Nartey YA, Pose E, Kamath PS. Global burden of liver disease: 2023 update. J Hepatol 2023; 79: 516-

537 [PMID: 36990226 DOI: 10.1016/j.jhep.2023.03.017]
2 Neshat SY, Quiroz VM, Wang Y, Tamayo S, Doloff JC. Liver Disease: Induction, Progression, Immunological Mechanisms, and Therapeutic 

Interventions. Int J Mol Sci 2021; 22: 6777 [PMID: 34202537 DOI: 10.3390/ijms22136777]
3 Bertheloot D, Latz E, Franklin BS. Necroptosis, pyroptosis and apoptosis: an intricate game of cell death. Cell Mol Immunol 2021; 18: 1106-

1121 [PMID: 33785842 DOI: 10.1038/s41423-020-00630-3]
4 Newton K, Strasser A, Kayagaki N, Dixit VM. Cell death. Cell 2024; 187: 235-256 [PMID: 38242081 DOI: 10.1016/j.cell.2023.11.044]
5 Shojaie L, Iorga A, Dara L. Cell Death in Liver Diseases: A Review. Int J Mol Sci 2020; 21: 9682 [PMID: 33353156 DOI: 

10.3390/ijms21249682]
6 Gautheron J, Gores GJ, Rodrigues CMP. Lytic cell death in metabolic liver disease. J Hepatol 2020; 73: 394-408 [PMID: 32298766 DOI: 

10.1016/j.jhep.2020.04.001]
7 Dixon SJ, Lemberg KM, Lamprecht MR, Skouta R, Zaitsev EM, Gleason CE, Patel DN, Bauer AJ, Cantley AM, Yang WS, Morrison B 3rd, 

Stockwell BR. Ferroptosis: an iron-dependent form of nonapoptotic cell death. Cell 2012; 149: 1060-1072 [PMID: 22632970 DOI: 
10.1016/j.cell.2012.03.042]

8 Yang W, Liu X, Song C, Ji S, Yang J, Liu Y, You J, Zhang J, Huang S, Cheng W, Shao Z, Li L, Yang S. Structure-activity relationship studies 
of phenothiazine derivatives as a new class of ferroptosis inhibitors together with the therapeutic effect in an ischemic stroke model. Eur J Med 
Chem 2021; 209: 112842 [PMID: 33065375 DOI: 10.1016/j.ejmech.2020.112842]

9 Liu T, Yang L, Gao H, Zhuo Y, Tu Z, Wang Y, Xun J, Zhang Q, Zhang L, Wang X. 3,4-dihydroxyphenylethyl alcohol glycoside reduces 
acetaminophen-induced acute liver failure in mice by inhibiting hepatocyte ferroptosis and pyroptosis. PeerJ 2022; 10: e13082 [PMID: 
35310165 DOI: 10.7717/peerj.13082]

10 Stockwell BR, Friedmann Angeli JP, Bayir H, Bush AI, Conrad M, Dixon SJ, Fulda S, Gascón S, Hatzios SK, Kagan VE, Noel K, Jiang X, 
Linkermann A, Murphy ME, Overholtzer M, Oyagi A, Pagnussat GC, Park J, Ran Q, Rosenfeld CS, Salnikow K, Tang D, Torti FM, Torti SV, 
Toyokuni S, Woerpel KA, Zhang DD. Ferroptosis: A Regulated Cell Death Nexus Linking Metabolism, Redox Biology, and Disease. Cell 
2017; 171: 273-285 [PMID: 28985560 DOI: 10.1016/j.cell.2017.09.021]

11 Jiang X, Stockwell BR, Conrad M. Ferroptosis: mechanisms, biology and role in disease. Nat Rev Mol Cell Biol 2021; 22: 266-282 [PMID: 
33495651 DOI: 10.1038/s41580-020-00324-8]

12 Niu B, Liao K, Zhou Y, Wen T, Quan G, Pan X, Wu C. Application of glutathione depletion in cancer therapy: Enhanced ROS-based therapy, 
ferroptosis, and chemotherapy. Biomaterials 2021; 277: 121110 [PMID: 34482088 DOI: 10.1016/j.biomaterials.2021.121110]

13 Chen X, Li J, Kang R, Klionsky DJ, Tang D. Ferroptosis: machinery and regulation. Autophagy 2021; 17: 2054-2081 [PMID: 32804006 DOI: 
10.1080/15548627.2020.1810918]

14 Sies H, Jones DP. Reactive oxygen species (ROS) as pleiotropic physiological signalling agents. Nat Rev Mol Cell Biol 2020; 21: 363-383 
[PMID: 32231263 DOI: 10.1038/s41580-020-0230-3]

15 D'Autréaux B, Toledano MB. ROS as signalling molecules: mechanisms that generate specificity in ROS homeostasis. Nat Rev Mol Cell Biol 
2007; 8: 813-824 [PMID: 17848967 DOI: 10.1038/nrm2256]

16 Ren L, Wang MR, Wang QC. ROS-induced oxidative stress in plant cryopreservation: occurrence and alleviation. Planta 2021; 254: 124 
[PMID: 34800184 DOI: 10.1007/s00425-021-03784-0]

17 Zheng D, Liu J, Piao H, Zhu Z, Wei R, Liu K. ROS-triggered endothelial cell death mechanisms: Focus on pyroptosis, parthanatos, and 
ferroptosis. Front Immunol 2022; 13: 1039241 [PMID: 36389728 DOI: 10.3389/fimmu.2022.1039241]

18 Luo M, Yan J, Hu X, Li H, Li H, Liu Q, Chen Y, Zou Z. Targeting lipid metabolism for ferroptotic cancer therapy. Apoptosis 2023; 28: 81-107 
[PMID: 36399287 DOI: 10.1007/s10495-022-01795-0]

19 Huang F, Liu X, Liu J, Xie Y, Zhao L, Liu D, Zeng Z, Liu X, Zheng S, Xiao Z. Phosphatidylethanolamine aggravates Angiotensin II-induced 
atrial fibrosis by triggering ferroptosis in mice. Front Pharmacol 2023; 14: 1148410 [PMID: 37288112 DOI: 10.3389/fphar.2023.1148410]

20 Bian X, Liu R, Meng Y, Xing D, Xu D, Lu Z. Lipid metabolism and cancer. J Exp Med 2021; 218: e20201606 [PMID: 33601415 DOI: 
10.1084/jem.20201606]

21 Doll S, Proneth B, Tyurina YY, Panzilius E, Kobayashi S, Ingold I, Irmler M, Beckers J, Aichler M, Walch A, Prokisch H, Trümbach D, Mao 
G, Qu F, Bayir H, Füllekrug J, Scheel CH, Wurst W, Schick JA, Kagan VE, Angeli JP, Conrad M. ACSL4 dictates ferroptosis sensitivity by 
shaping cellular lipid composition. Nat Chem Biol 2017; 13: 91-98 [PMID: 27842070 DOI: 10.1038/nchembio.2239]

22 Cui J, Wang Y, Tian X, Miao Y, Ma L, Zhang C, Xu X, Wang J, Fang W, Zhang X. LPCAT3 Is Transcriptionally Regulated by YAP/ZEB/
EP300 and Collaborates with ACSL4 and YAP to Determine Ferroptosis Sensitivity. Antioxid Redox Signal 2023; 39: 491-511 [PMID: 
37166352 DOI: 10.1089/ars.2023.0237]

23 Pope SD, Medzhitov R. Emerging Principles of Gene Expression Programs and Their Regulation. Mol Cell 2018; 71: 389-397 [PMID: 
30075140 DOI: 10.1016/j.molcel.2018.07.017]

24 Gao M, Fan K, Chen Y, Zhang G, Chen J, Zhang Y. Understanding the mechanistic regulation of ferroptosis in cancer: the gene matters. J 
Genet Genomics 2022; 49: 913-926 [PMID: 35697272 DOI: 10.1016/j.jgg.2022.06.002]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-5228-3522
http://orcid.org/0000-0001-5228-3522
http://www.ncbi.nlm.nih.gov/pubmed/36990226
https://dx.doi.org/10.1016/j.jhep.2023.03.017
http://www.ncbi.nlm.nih.gov/pubmed/34202537
https://dx.doi.org/10.3390/ijms22136777
http://www.ncbi.nlm.nih.gov/pubmed/33785842
https://dx.doi.org/10.1038/s41423-020-00630-3
http://www.ncbi.nlm.nih.gov/pubmed/38242081
https://dx.doi.org/10.1016/j.cell.2023.11.044
http://www.ncbi.nlm.nih.gov/pubmed/33353156
https://dx.doi.org/10.3390/ijms21249682
http://www.ncbi.nlm.nih.gov/pubmed/32298766
https://dx.doi.org/10.1016/j.jhep.2020.04.001
http://www.ncbi.nlm.nih.gov/pubmed/22632970
https://dx.doi.org/10.1016/j.cell.2012.03.042
http://www.ncbi.nlm.nih.gov/pubmed/33065375
https://dx.doi.org/10.1016/j.ejmech.2020.112842
http://www.ncbi.nlm.nih.gov/pubmed/35310165
https://dx.doi.org/10.7717/peerj.13082
http://www.ncbi.nlm.nih.gov/pubmed/28985560
https://dx.doi.org/10.1016/j.cell.2017.09.021
http://www.ncbi.nlm.nih.gov/pubmed/33495651
https://dx.doi.org/10.1038/s41580-020-00324-8
http://www.ncbi.nlm.nih.gov/pubmed/34482088
https://dx.doi.org/10.1016/j.biomaterials.2021.121110
http://www.ncbi.nlm.nih.gov/pubmed/32804006
https://dx.doi.org/10.1080/15548627.2020.1810918
http://www.ncbi.nlm.nih.gov/pubmed/32231263
https://dx.doi.org/10.1038/s41580-020-0230-3
http://www.ncbi.nlm.nih.gov/pubmed/17848967
https://dx.doi.org/10.1038/nrm2256
http://www.ncbi.nlm.nih.gov/pubmed/34800184
https://dx.doi.org/10.1007/s00425-021-03784-0
http://www.ncbi.nlm.nih.gov/pubmed/36389728
https://dx.doi.org/10.3389/fimmu.2022.1039241
http://www.ncbi.nlm.nih.gov/pubmed/36399287
https://dx.doi.org/10.1007/s10495-022-01795-0
http://www.ncbi.nlm.nih.gov/pubmed/37288112
https://dx.doi.org/10.3389/fphar.2023.1148410
http://www.ncbi.nlm.nih.gov/pubmed/33601415
https://dx.doi.org/10.1084/jem.20201606
http://www.ncbi.nlm.nih.gov/pubmed/27842070
https://dx.doi.org/10.1038/nchembio.2239
http://www.ncbi.nlm.nih.gov/pubmed/37166352
https://dx.doi.org/10.1089/ars.2023.0237
http://www.ncbi.nlm.nih.gov/pubmed/30075140
https://dx.doi.org/10.1016/j.molcel.2018.07.017
http://www.ncbi.nlm.nih.gov/pubmed/35697272
https://dx.doi.org/10.1016/j.jgg.2022.06.002


Lai MS et al. Role of ferroptosis in liver diseases

WJG https://www.wjgnet.com 3737 August 28, 2024 Volume 30 Issue 32

25 Jiang L, Kon N, Li T, Wang SJ, Su T, Hibshoosh H, Baer R, Gu W. Ferroptosis as a p53-mediated activity during tumour suppression. Nature 
2015; 520: 57-62 [PMID: 25799988 DOI: 10.1038/nature14344]

26 Zheng J, Conrad M. The Metabolic Underpinnings of Ferroptosis. Cell Metab 2020; 32: 920-937 [PMID: 33217331 DOI: 
10.1016/j.cmet.2020.10.011]

27 Ding HR, Wang JL, Ren HZ, Shi XL. Lipometabolism and Glycometabolism in Liver Diseases. Biomed Res Int 2018; 2018: 1287127 [PMID: 
31205932 DOI: 10.1155/2018/1287127]

28 Dixon SJ, Stockwell BR. The role of iron and reactive oxygen species in cell death. Nat Chem Biol 2014; 10: 9-17 [PMID: 24346035 DOI: 
10.1038/nchembio.1416]

29 Yu Y, Jiang L, Wang H, Shen Z, Cheng Q, Zhang P, Wang J, Wu Q, Fang X, Duan L, Wang S, Wang K, An P, Shao T, Chung RT, Zheng S, 
Min J, Wang F. Hepatic transferrin plays a role in systemic iron homeostasis and liver ferroptosis. Blood 2020; 136: 726-739 [PMID: 32374849 
DOI: 10.1182/blood.2019002907]

30 Chen J, Li X, Ge C, Min J, Wang F. The multifaceted role of ferroptosis in liver disease. Cell Death Differ 2022; 29: 467-480 [PMID: 
35075250 DOI: 10.1038/s41418-022-00941-0]

31 Zhou XN, Zhang Q, Peng H, Qin YJ, Liu YH, Wang L, Cheng ML, Luo XH, Li H. Silent information regulator sirtuin 1 ameliorates acute 
liver failure via the p53/glutathione peroxidase 4/gasdermin D axis. World J Gastroenterol 2024; 30: 1588-1608 [PMID: 38617450 DOI: 
10.3748/wjg.v30.i11.1588]

32 Huang S, Wang Y, Xie S, Lai Y, Mo C, Zeng T, Kuang S, Deng G, Zhou C, Chen Y, Huang S, Gao L, Lv Z. Hepatic TGFβr1 Deficiency 
Attenuates Lipopolysaccharide/D-Galactosamine-Induced Acute Liver Failure Through Inhibiting GSK3β-Nrf2-Mediated Hepatocyte 
Apoptosis and Ferroptosis. Cell Mol Gastroenterol Hepatol 2022; 13: 1649-1672 [PMID: 35202887 DOI: 10.1016/j.jcmgh.2022.02.009]

33 Lee WM. Acetaminophen (APAP) hepatotoxicity-Isn't it time for APAP to go away? J Hepatol 2017; 67: 1324-1331 [PMID: 28734939 DOI: 
10.1016/j.jhep.2017.07.005]

34 Yamada N, Karasawa T, Kimura H, Watanabe S, Komada T, Kamata R, Sampilvanjil A, Ito J, Nakagawa K, Kuwata H, Hara S, Mizuta K, 
Sakuma Y, Sata N, Takahashi M. Ferroptosis driven by radical oxidation of n-6 polyunsaturated fatty acids mediates acetaminophen-induced 
acute liver failure. Cell Death Dis 2020; 11: 144 [PMID: 32094346 DOI: 10.1038/s41419-020-2334-2]

35 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]

36 Tong J, Lan XT, Zhang Z, Liu Y, Sun DY, Wang XJ, Ou-Yang SX, Zhuang CL, Shen FM, Wang P, Li DJ. Ferroptosis inhibitor liproxstatin-1 
alleviates metabolic dysfunction-associated fatty liver disease in mice: potential involvement of PANoptosis. Acta Pharmacol Sin 2023; 44: 
1014-1028 [PMID: 36323829 DOI: 10.1038/s41401-022-01010-5]

37 Liu J, Zhang C, Wang J, Hu W, Feng Z. The Regulation of Ferroptosis by Tumor Suppressor p53 and its Pathway. Int J Mol Sci 2020; 21: 
8387 [PMID: 33182266 DOI: 10.3390/ijms21218387]

38 Shin D, Lee J, Roh JL. Pioneering the future of cancer therapy: Deciphering the p53-ferroptosis nexus for precision medicine. Cancer Lett 
2024; 585: 216645 [PMID: 38280477 DOI: 10.1016/j.canlet.2024.216645]

39 Tarangelo A, Magtanong L, Bieging-Rolett KT, Li Y, Ye J, Attardi LD, Dixon SJ. p53 Suppresses Metabolic Stress-Induced Ferroptosis in 
Cancer Cells. Cell Rep 2018; 22: 569-575 [PMID: 29346757 DOI: 10.1016/j.celrep.2017.12.077]

40 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]

41 Ou Y, Wang SJ, Li D, Chu B, Gu W. Activation of SAT1 engages polyamine metabolism with p53-mediated ferroptotic responses. Proc Natl 
Acad Sci USA 2016; 113: E6806-E6812 [PMID: 27698118 DOI: 10.1073/pnas.1607152113]

42 Kang R, Kroemer G, Tang D. The tumor suppressor protein p53 and the ferroptosis network. Free Radic Biol Med 2019; 133: 162-168 [PMID: 
29800655 DOI: 10.1016/j.freeradbiomed.2018.05.074]

43 Tarangelo A, Dixon S. The p53-p21 pathway inhibits ferroptosis during metabolic stress. Oncotarget 2018; 9: 24572-24573 [PMID: 29872487 
DOI: 10.18632/oncotarget.25362]

44 Xie Y, Zhu S, Song X, Sun X, Fan Y, Liu J, Zhong M, Yuan H, Zhang L, Billiar TR, Lotze MT, Zeh HJ 3rd, Kang R, Kroemer G, Tang D. The 
Tumor Suppressor p53 Limits Ferroptosis by Blocking DPP4 Activity. Cell Rep 2017; 20: 1692-1704 [PMID: 28813679 DOI: 
10.1016/j.celrep.2017.07.055]

45 Pistritto G, Trisciuoglio D, Ceci C, Garufi A, D'Orazi G. Apoptosis as anticancer mechanism: function and dysfunction of its modulators and 
targeted therapeutic strategies. Aging (Albany NY) 2016; 8: 603-619 [PMID: 27019364 DOI: 10.18632/aging.100934]

46 Yan J, Wan P, Choksi S, Liu ZG. Necroptosis and tumor progression. Trends Cancer 2022; 8: 21-27 [PMID: 34627742 DOI: 
10.1016/j.trecan.2021.09.003]

47 Khoury MK, Gupta K, Franco SR, Liu B. Necroptosis in the Pathophysiology of Disease. Am J Pathol 2020; 190: 272-285 [PMID: 31783008 
DOI: 10.1016/j.ajpath.2019.10.012]

48 Du T, Gao J, Li P, Wang Y, Qi Q, Liu X, Li J, Wang C, Du L. Pyroptosis, metabolism, and tumor immune microenvironment. Clin Transl Med 
2021; 11: e492 [PMID: 34459122 DOI: 10.1002/ctm2.492]

49 Liu S, Yao S, Yang H, Liu S, Wang Y. Autophagy: Regulator of cell death. Cell Death Dis 2023; 14: 648 [PMID: 37794028 DOI: 
10.1038/s41419-023-06154-8]

50 Yuan J, Ofengeim D. A guide to cell death pathways. Nat Rev Mol Cell Biol 2024; 25: 379-395 [PMID: 38110635 DOI: 
10.1038/s41580-023-00689-6]

51 Mu Y, Sun J, Li Z, Zhang W, Liu Z, Li C, Peng C, Cui G, Shao H, Du Z. Activation of pyroptosis and ferroptosis is involved in the 
hepatotoxicity induced by polystyrene microplastics in mice. Chemosphere 2022; 291: 132944 [PMID: 34793849 DOI: 
10.1016/j.chemosphere.2021.132944]

52 Wang H, Shu L, Lv C, Liu N, Long Y, Peng X, Ling H, Tao T, Tang J, Cheng Y, Liu S, Xiao D, Tao Y. BRCC36 Deubiquitinates HMGCR to 
Regulate the Interplay Between Ferroptosis and Pyroptosis. Adv Sci (Weinh) 2024; 11: e2304263 [PMID: 38178583 DOI: 
10.1002/advs.202304263]

53 Feng S, Yang Y, Mei Y, Ma L, Zhu DE, Hoti N, Castanares M, Wu M. Cleavage of RIP3 inactivates its caspase-independent apoptosis 
pathway by removal of kinase domain. Cell Signal 2007; 19: 2056-2067 [PMID: 17644308 DOI: 10.1016/j.cellsig.2007.05.016]

54 Ai Y, Meng Y, Yan B, Zhou Q, Wang X. The biochemical pathways of apoptotic, necroptotic, pyroptotic, and ferroptotic cell death. Mol Cell 
2024; 84: 170-179 [PMID: 38181758 DOI: 10.1016/j.molcel.2023.11.040]

http://www.ncbi.nlm.nih.gov/pubmed/25799988
https://dx.doi.org/10.1038/nature14344
http://www.ncbi.nlm.nih.gov/pubmed/33217331
https://dx.doi.org/10.1016/j.cmet.2020.10.011
http://www.ncbi.nlm.nih.gov/pubmed/31205932
https://dx.doi.org/10.1155/2018/1287127
http://www.ncbi.nlm.nih.gov/pubmed/24346035
https://dx.doi.org/10.1038/nchembio.1416
http://www.ncbi.nlm.nih.gov/pubmed/32374849
https://dx.doi.org/10.1182/blood.2019002907
http://www.ncbi.nlm.nih.gov/pubmed/35075250
https://dx.doi.org/10.1038/s41418-022-00941-0
http://www.ncbi.nlm.nih.gov/pubmed/38617450
https://dx.doi.org/10.3748/wjg.v30.i11.1588
http://www.ncbi.nlm.nih.gov/pubmed/35202887
https://dx.doi.org/10.1016/j.jcmgh.2022.02.009
http://www.ncbi.nlm.nih.gov/pubmed/28734939
https://dx.doi.org/10.1016/j.jhep.2017.07.005
http://www.ncbi.nlm.nih.gov/pubmed/32094346
https://dx.doi.org/10.1038/s41419-020-2334-2
http://www.ncbi.nlm.nih.gov/pubmed/36094079
https://dx.doi.org/10.1021/acsami.2c10506
http://www.ncbi.nlm.nih.gov/pubmed/36323829
https://dx.doi.org/10.1038/s41401-022-01010-5
http://www.ncbi.nlm.nih.gov/pubmed/33182266
https://dx.doi.org/10.3390/ijms21218387
http://www.ncbi.nlm.nih.gov/pubmed/38280477
https://dx.doi.org/10.1016/j.canlet.2024.216645
http://www.ncbi.nlm.nih.gov/pubmed/29346757
https://dx.doi.org/10.1016/j.celrep.2017.12.077
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/27698118
https://dx.doi.org/10.1073/pnas.1607152113
http://www.ncbi.nlm.nih.gov/pubmed/29800655
https://dx.doi.org/10.1016/j.freeradbiomed.2018.05.074
http://www.ncbi.nlm.nih.gov/pubmed/29872487
https://dx.doi.org/10.18632/oncotarget.25362
http://www.ncbi.nlm.nih.gov/pubmed/28813679
https://dx.doi.org/10.1016/j.celrep.2017.07.055
http://www.ncbi.nlm.nih.gov/pubmed/27019364
https://dx.doi.org/10.18632/aging.100934
http://www.ncbi.nlm.nih.gov/pubmed/34627742
https://dx.doi.org/10.1016/j.trecan.2021.09.003
http://www.ncbi.nlm.nih.gov/pubmed/31783008
https://dx.doi.org/10.1016/j.ajpath.2019.10.012
http://www.ncbi.nlm.nih.gov/pubmed/34459122
https://dx.doi.org/10.1002/ctm2.492
http://www.ncbi.nlm.nih.gov/pubmed/37794028
https://dx.doi.org/10.1038/s41419-023-06154-8
http://www.ncbi.nlm.nih.gov/pubmed/38110635
https://dx.doi.org/10.1038/s41580-023-00689-6
http://www.ncbi.nlm.nih.gov/pubmed/34793849
https://dx.doi.org/10.1016/j.chemosphere.2021.132944
http://www.ncbi.nlm.nih.gov/pubmed/38178583
https://dx.doi.org/10.1002/advs.202304263
http://www.ncbi.nlm.nih.gov/pubmed/17644308
https://dx.doi.org/10.1016/j.cellsig.2007.05.016
http://www.ncbi.nlm.nih.gov/pubmed/38181758
https://dx.doi.org/10.1016/j.molcel.2023.11.040


Lai MS et al. Role of ferroptosis in liver diseases

WJG https://www.wjgnet.com 3738 August 28, 2024 Volume 30 Issue 32

55 Zeng Y, He Y, Wang L, Xu H, Zhang Q, Wang Y, Zhang J, Wang L. Dihydroquercetin improves experimental acute liver failure by targeting 
ferroptosis and mitochondria-mediated apoptosis through the SIRT1/p53 axis. Phytomedicine 2024; 128: 155533 [PMID: 38552433 DOI: 
10.1016/j.phymed.2024.155533]

56 Liu J, Huang C, Liu J, Meng C, Gu Q, Du X, Yan M, Yu Y, Liu F, Xia C. Nrf2 and its dependent autophagy activation cooperatively 
counteract ferroptosis to alleviate acute liver injury. Pharmacol Res 2023; 187: 106563 [PMID: 36410674 DOI: 10.1016/j.phrs.2022.106563]

57 Peng F, Liao M, Qin R, Zhu S, Peng C, Fu L, Chen Y, Han B. Regulated cell death (RCD) in cancer: key pathways and targeted therapies. 
Signal Transduct Target Ther 2022; 7: 286 [PMID: 35963853 DOI: 10.1038/s41392-022-01110-y]

58 Christgen S, Tweedell RE, Kanneganti TD. Programming inflammatory cell death for therapy. Pharmacol Ther 2022; 232: 108010 [PMID: 
34619283 DOI: 10.1016/j.pharmthera.2021.108010]

http://www.ncbi.nlm.nih.gov/pubmed/38552433
https://dx.doi.org/10.1016/j.phymed.2024.155533
http://www.ncbi.nlm.nih.gov/pubmed/36410674
https://dx.doi.org/10.1016/j.phrs.2022.106563
http://www.ncbi.nlm.nih.gov/pubmed/35963853
https://dx.doi.org/10.1038/s41392-022-01110-y
http://www.ncbi.nlm.nih.gov/pubmed/34619283
https://dx.doi.org/10.1016/j.pharmthera.2021.108010


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
	ROLE OF FERROPTOSIS IN PATHOGENESIS OF LIVER DISEASES
	IMPACTS OF FERROPTOSIS IN RELATION TO OTHER TYPES OF CELL DEATH IN LIVER DISEASES
	CLINICAL IMPLICATIONS
	CONCLUSION
	FOOTNOTES
	REFERENCES

