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Myocardial infarction, as the principal type of ischemic heart disease, has

currently become the focus of research on its prevention and treatment

strategies. From the perspective of myocardial infarction pathogenesis, it is

urgent to impede the progression of this disease and improve diagnosis and

treatment techniques. Ferroptosis, a form of programmed cell death

mechanistically distinct from apoptosis and autophagy, is implicated

throughout the pathogenesis of myocardial infarction. Dysregulation of protein

translation leads to abnormal protein expression, disruption of cellular

signaling, and cell dysfunction, thereby disturbing normal cellular function and

exacerbating disease progression. Consequently, clarifying the mechanism of

protein translation dysregulation in ferroptosis during myocardial infarction will

enhance the understanding of the pathogenesis of myocardial infarction. In

this review, the latest research progress in the relationship between protein

translation and ferroptosis is collected. The mechanisms by which they

regulate myocardial infarction are explored, and the current research status of

the role of protein translation in different stages of ferroptosis is introduced.

These findings are expected to provide valuable insights for clarifying the

pathophysiological mechanisms of myocardial infarction and for

precise treatment.

KEYWORDS
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disease

1 Introduction

Myocardial infarction (MI), as an acute condition within ischemic heart disease, is the

leading cause of global mortality, affecting approximately 32% of the population and

resulting in an estimated 17.9 million deaths annually (1). The death of myocardial cells

characterizes MI due to prolonged ischemia and hypoxia, which activates

pathophysiological processes such as inflammatory responses, oxidative stress, and other

cellular and intercellular reactions. These processes lead to myocardial cell hypertrophy,

myocardial interstitial fibrosis, cell apoptosis and even ferroptosis (2–5). Given that

mature cardiomyocytes cannot regenerate, the damaged cardiac tissue is progressively

replaced by fibrotic scar tissue, culminating in cardiac remodelling and heart failure (6).
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Despite advancements in the care and management of MI patients,

current therapeutic strategies primarily focus on the early and

timely restoration of ischemic myocardial reperfusion. However,

effective treatments for the pathological changes associated with

infarction remain elusive, and long-term prognosis continues to

be unfavourable (7). Consequently, it is imperative to delay the

progression of MI by elucidating its molecular mechanisms and

to enhance diagnostic and therapeutic technologies.

The occurrence and progression of diseases are driven by

dysregulated translation, which leads to abnormal protein

expression, disrupted cellular signaling and dysfunctional cellular

processes. Mutations or modifications of mrna, trna, translation

factors, ribosomes or regulatory elements that are dysregulated at

the expression level during the four phases of protein translation,

namely initiation, elongation, termination, and recycling, causing

aberrant protein expression, which disrupts normal cellular

processes and exacerbates the onset and progression of disease,

and the key to the development of cardioprotective strategies is

an understanding of the pathological process of cardiomyocyte

injury (8–11). Ferroptosis, an emerging form of iron-dependent

cell death in the pathogenesis of MI, is primarily characterized

by lipid peroxidation, with its key biochemical features including

increased levels of reactive oxygen species (ROS), Fe2+ and

malondialdehyde (MDA), as well as decreased levels of

antioxidant enzymes such as glutathione peroxidase 4 (GPX4)

(12–14). Cardiomyocytes, which contain a high proportion of

unsaturated fatty acids, are more susceptible to ferroptosis due to

the ease with which these fatty acids are oxidized into lipid

peroxides (15). Previous studies have demonstrated that

ferroptosis inhibitors or iron chelators significantly ameliorate MI

(16, 17). However, the molecular mechanisms of ferroptosis,

including the specific components of damaged cell membranes,

remain largely unknown. Therefore, targeting the molecular

mechanisms of ferroptosis to inhibit the initiation and

progression of MI may represent a critical cardioprotective strategy.

In recent years, ferroptosis has been extensively studied in the

context of cardiovascular diseases (cvds) and has emerged as a

significant focus in MI research. Understanding the regulation of

ferroptosis in MI is considered a prerequisite for reducing

cardiomyocyte death and its associated morbidity and mortality.

The role of protein translation in the mechanisms of ferroptosis

has gradually become a rising area of interest within ferroptosis

research. Elucidating the mechanisms by which dysregulated

protein translation contributes to ferroptosis in MI is expected to

provide deeper insights into the pathogenesis of MI and guide

the development of novel therapeutic strategies (18). This review

summarises the latest understanding of the relationship between

protein translation and ferroptosis, and the mechanisms by

which they regulate MI are discussed. Furthermore, the current

status of experimental and clinical research on the different

stages of protein translation in ferroptosis is described, to offer

emerging perspectives on ferroptosis research in MI and

references for precision medicine in the treatment of this condition.

2 Overview of ferroptosis

Ferroptosis, a novel mode of cell death induced by iron

accumulation and lipid peroxidation, was first proposed by

Dixon in 2012 (19). The core of ferroptosis lies in the influence

of iron inducers on GPX levels through multiple pathways,

leading to elevated lipid ROS and reduced antioxidant capacity,

ultimately resulting in oxidative stress and cell death (20). The

primary molecular mechanisms of ferroptosis include the

inactivation of GPX4, dysregulation of iron metabolism and lipid

peroxidation. As is shown in Figure 1.

2.1 System Xc− and GPX 4

System Xc− is a ubiquitous cystine (Cys)/glutamate (Glu)

antiporter composed of light and heavy chains encoded by

SLC7A11 and SLC3A2 (21). It facilitates the synthesis of reduced

glutathione (GSH) by mediating the transmembrane exchange of

Cys and Glu (22). Cys is imported into cells via the action of

system Xc−, while GSH synthesis is supported by glyoxylate

carbo ligase (GCL) enzymes and glutathione synthetase (GSS)

(23). At the same time, GSH acts as a co-substrate for GPX4

between the reduced and oxidised states (24). Inhibition of

system Xc− or inactivation of GPX4 leads to ROS accumulation

and ferroptosis induction (25, 26). Suppression of system Xc-

results in decreased GSH levels, triggering oxidative damage and

ferroptosis (27). GSH, a tripeptide composed of Cys, Glu and
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glycine, has been shown to exert antioxidant functions by binding

to free radicals, heavy metals, etc (28). System Xc− affects GSH

synthesis by regulating extracellular Glu levels (29). Studies have

shown that inhibiting glutamine metabolism and synthesis

reduces Glu production, thereby attenuating the ferroptosis

pathway and alleviating ischemia-reperfusion-induced myocardial

injury (30). Ferroptosis inducers, such as Erastin, extracellular

Glu, sorafenib and sulfasalazine, have been reported to induce

ferroptosis by blocking system Xc−
’s function by affecting Glu

uptake and GSH synthesis (31–34).

Selenoprotein GPX4 is a critical peroxide degradation enzyme

that utilizes GSH to generate glutathione disulfide (GSSG) and

convert toxic lipid peroxides into alcohols, thereby preventing

lipid peroxidation and maintaining cellular redox homeostasis

(35). GSH serves as a key regulator of GPX4, and inhibition of

system Xc− leads to GSH depletion and GPX4 inactivation,

impairing cellular antioxidant capacity and increasing the risk of

lipid peroxidation, which promotes the occurrence of ferroptosis

(25). Genetic ablation of GPX4 or indirect suppression of GPX4

through upregulation of activating transcription factor 3 (ATF3)

by Erastin results in the accumulation of lipid peroxides,

subsequently triggering ferroptosis (27). Ding et al. Were the first

to reveal a novel pathway for inducing ferroptosis through GPX4

ubiquitination and demonstrated that the anti-TNBC effects of

DMOCPTL are primarily induced by GPX4 ubiquitination,

which is achieved by direct binding to the GPX4 protein, thereby

leading to ferroptosis and apoptosis (36). Currently, GPX4 is

regarded as a crucial target for triggering ferroptosis.

2.2 Intracellular iron metabolism

Iron is naturally present in the human body, and its redox

activity promotes ROS production and lipid peroxidation,

ultimately leading to ferroptosis (37). Iron metabolism plays a

pivotal role in the mechanisms of ferroptosis, with iron overload

being one of the primary hallmarks driving this process (38).

The normal physiological functions of iron in the human body

are contingent on its uptake and excretion, which are regulated

by transferrin receptors and ferroportin. Iron accumulation is

positively correlated with intracellular iron levels, and excess

redox-active iron generates ROS through the Fenton reaction,

catalyzing the production of lipid peroxides and resulting in

radical-mediated damage that induces ferroptosis (39). Ferritin,

FIGURE 1

Brief mechanism of ferroptosis.
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an intracellular iron storage protein, oxidises ferrous iron (Fe2+) to

ferric iron (Fe3+), thereby preventing the Fenton reaction and

subsequent oxidative damage (40). However, ferritin degradation

leads to the release of stored iron and induces ferroptosis. Heme

oxygenase-1 (HO-1), which degrades heme to release Fe2+, is

involved in maintaining iron homeostasis, and its overexpression

increases free iron levels, thereby contributing to the

accumulation of lipid peroxides, leading to ferroptosis (41). The

sensitivity to erastin-induced ferroptosis is influenced by

alterations in the transcription of pivotal iron-regulating genes

(31). Heat shock protein beta-1 (HSPB1), a critical gene in

ferroptosis, impedes ferroptosis progression by downregulating

intracellular iron levels by reducing the expression of telomeric

RNA-binding factor 1 (TRF1) and inhibiting its expression

suppresses Erastin-induced ferroptosis (42).

2.3 Lipid peroxidation and Its induction
mechanisms

Lipid peroxidation plays a critical role in the mechanisms

of ferroptosis, and its induction is mediated through non-

enzymatic reactions (e.g., the Fenton reaction) and enzymatic

reactions [e.g., lipoxygenase (LOX)]. The activity of non-heme,

iron-containing enzymatic effectors such as LOX influences the

accumulation of lipid peroxides, thereby promoting ferroptosis.

LOX, pivotal in lipid peroxidation, has been shown to mitigate

Erastin-induced ferroptosis damage when its activity is

reduced (43). The complex formed by the binding of LOX to

phosphatidylethanolamine-binding protein 1 (PEBP1) regulates

the process of lipid peroxidation, initiating the ferroptosis

program (44). Fe2+ and LOX jointly act on polyunsaturated fatty

acids (PUFA), producing lipid peroxides that disrupt membrane

structure and function (45). Pufas, such as arachidonic acid (AA)

and adrenic acid, are essential components of phospholipids and

preferred substrates for LOX, and their abundance and

localization directly influence lipid peroxidation and cellular

susceptibility to ferroptosis (46). The formation of ROS on lipids

is mediated by hydrogen peroxide. Pufas are incorporated into

membrane phospholipid (PL) through the combined action of

acyl coenzyme A synthetase long-chain family member 4

(ACSL4) and lysophosphatidylcholine acyltransferase 3

(LPCAT3) (47). Acyl coenzyme A synthetase long-chain family

member 3 (ACSL3) activates monounsaturated fatty acid

(MUFA), competing with PUFA for PL integration. The

oxidation of pufas alters membrane structure and fluidity,

increasing membrane permeability and reducing membrane

integrity. This membrane instability may lead to the formation of

pores and micelles, ultimately triggering ferroptosis (48). Protein

kinase C-mediated phosphorylation of HSPB1 has also been

found to inhibit lipid ROS accumulation, affecting ferroptosis (42).

During ferroptosis, fatty acid metabolism genes, including

ACSL4 and LPCAT3, regulate the insertion of PUFA into the cell

membrane (49). The upregulation of ACSL4 expression enhances

cellular susceptibility to ferroptosis, whereas its silencing

effectively inhibits this pathological process (50). Accumulation

of lipid ROS triggers ferroptosis when the endogenous

antioxidant system of the cell is imbalanced. Deletion of ACSL4

and LPCAT3 renders cellular resistance to ferroptosis,

highlighting their pivotal regulatory roles in ferroptosis. In

addition, deficiency in coenzyme Q10, an antioxidant, is

associated with increased ferroptosis sensitivity (51). The

transcription factor NF-E2-related factor-2 (Nrf2) emerges as a

critical molecular determinant in ferroptosis regulation through

its capacity to prevent lipid peroxide accumulation and maintain

cellular viability. Although Kelch and ECH-associated protein 1

(KEAP1) activates Nrf2 to exert an anti-ferroptosis effect,

numerous bioactive lipids paradoxically inhibit Nrf2

functionality, thereby playing essential roles in ferroptosis

cascade signaling (52). The enzymatic activity of GPX4, a key

antioxidant enzyme, exerts regulatory control over lipid

peroxidation and ferroptosis progression. Pharmacological

inhibition of GPX4 elevates ROS levels, subsequently promoting

ferroptosis (53). Collectively, lipid peroxidation is established to

play a central role in ferroptosis pathogenesis, though the

underlying induction mechanisms exhibit complex and

multifaceted characteristics that warrant further investigation to

elucidate precise regulatory pathways.

3 Protein translation in ferroptosis

3.1 Overview of protein translation

The process of protein translation is the final step of the central

law of molecular biology, and its translation process can be divided

into four distinct phases: translation initiation, elongation,

termination and recycling. In the initiation phase, translation

initiation factors orchestrate mRNA binding to the ribosomal

subunits, facilitate the recognition of the start codon, and align it

with fMet-tRNAMet in the ribosomal P site (54). Dysregulation of

the highly regulated translation initiation correlates with the

diseased cellular state. Dysregulation of protein expression and

protein mutations associated with post-translational modifications

often suppress translation initiation. The elongation phase is a

core step in protein translation and mainly includes codon

recognition of aminoacyl tRNAs, peptide bond formation and

translocation (55). Dysregulation of elongation significantly affects

translation efficiency and fidelity, potentially leading to translation

errors and protein misfolding, which may subsequently trigger

cellular dysfunction and disease pathogenesis. Therefore,

investigation into the mechanism of elongation dysregulation is

essential for understanding disease procession and identifying

potential therapeutic targets. During termination, when the

termination codon (e.g., UAG, UGA, or UAA) of an mRNA

enters the ribosomal A site, the protein release factor complex

eRF1/eRF3-GTP binds to the A site and induces the termination

of protein synthesis (56). Dysregulation of termination may

produce truncated or aberrant proteins, disrupting proteostasis and

affecting cellular function. Finally, during the ribosome recycling

phase, the large (mt-LSU) and small (mt-SSU) ribosomal subunits
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are separated, and the mRNAs are released in preparation for a new

translation cycle (57).

3.2 Mechanisms of protein translation in
ferroptosis

The activation of ferroptosis is governed by the dynamic

equilibrium between pro-ferroptotic factors and cellular defence

systems. Protein synthesis pathways exhibit dual roles in

ferroptosis regulation, with their directionality dictated by the

cellular microenvironment. The rate-limiting step of protein

synthesis is translation initiation, a process finely modulated by a

family of proteins termed eukaryotic initiation factor (EIF) (58).

Studies have demonstrated that phosphorylation of eIF2α reduces

cellular sensitivity to peroxidation by suppressing protein

synthesis, thereby exerting anti-ferroptotic effects (59). Previous

studies have shown that the PERK/eIF2α axis of integrated stress

response (ISR) is involved in the process of inhibiting protein

synthesis during cardiac ischemia/reperfusion, and selectively

targets mitochondrial complex components during cardiac

reperfusion to further weaken protein translation and reduce the

production of related ROS (60). Cellular susceptibility to

ferroptosis is primarily determined by intracellular iron

homeostasis, antioxidant capacity, and peroxidation levels.

Excessive ROS production, particularly oxidative stress triggered

by GSH depletion, is critical for ferroptosis (61). The

mammalian target of rapamycin (mTOR) signaling pathway

plays a pivotal role in cellular stress responses and ferroptosis

regulation through its control over the assembly and

functionality of translation initiation complexes (62).

Mitochondria, recognized as the energy metabolism hubs of

eukaryotic cells, possess a protein translation system endowed

with unique regulatory significance in ferroptosis control.

Mitochondrial ribosomes (MR) are responsible for the expression

of genes encoded by mitochondrial RNA (mtRNA), while

mitochondrial translation factors such as mt-IF2 modulate

cellular fate through the regulation of mitochondrial ROS levels

(39). Noncoding RNAs (ncRNAs) play critical roles in ferroptosis

regulatory networks: miRNAs interfere with Glu metabolism by

modulating TCA cycle and respiratory chain functions, thereby

reducing ROS generation; miR-7-5p targets transferrin to

diminish iron uptake; and pro-ferroptotic miRNAs directly

engage the SLC7A11/GPX4 system to accelerate lipid

peroxidation (63, 64). For instance, miR-485 has been

demonstrated to influence iron metabolism by targeting hepcidin,

with its upregulation potentiating ferroptosis induction (65).

Post-translational modification (PTM) represents another

critical layer in regulating ferroptosis. Ubiquitination,

phosphorylation, acetylation, and methylation, among other

PTMs, precisely modulate cellular sensitivity to iron-dependent

oxidative stress by altering protein stability, functional

localization, and interaction networks. Ubiquitination is a highly

conserved PTM whose reversal process is mediated by

deubiquitinase (DUB) (66). Histone phosphorylation is involved

in DNA damage repair, while non-histone acetylation regulates

transcriptional activity, protein stability and subcellular

localization (67, 68). Methylation modifications predominantly

occur on the side chains of arginine (Arg) and lysine (Lys)

residues (69, 70). N6-methyladenosine (m6A), the most prevalent

RNA modification, plays a key role in regulating programmed

cell death through the coordinated actions of methyltransferases,

reader proteins, and demethylases (71). The dynamic changes in

m6A modification are closely associated with disease progression

and pathogenesis.

4 Critical role of ferroptosis in
myocardial infarction

Recent studies have demonstrated that protein translation is

crucial in regulating ferroptosis. MI, resulting from coronary

artery occlusion, triggers ferritin degradation, leading to iron

overload, ROS accumulation, and iron-catalyzed lipid

peroxidation in the heart (72, 73). These processes induce

ferroptosis, significantly impacting the survival and death of

cardiomyocytes. Below is a detailed exploration of the regulatory

mechanisms of ferroptosis in MI based on three significant

aspects of current research. As is shown in Figure 2 and Table 1.

4.1 System Xc− and GPX4 pathways

The system Xc− and GPX4 pathways represent critical

regulatory mechanisms of ferroptosis, exhibiting significant roles

in MI. The function of system Xc− is mainly to promote the

synthesis of GSH by exchanging Cys with Glu, thus maintaining

the antioxidant capacity of cells (22). It has been shown that

HO-1 modulates the activity of SLC7A11 through its expression

in cardiomyocytes, subsequently influencing the function of

system Xc−. Overexpression of HO-1 upregulates SLC7A11,

which in turn slows down the onset of ferroptosis, and the

activation not only contributes to the reduction of cardiomyocyte

injury, but also provides novel strategies for cardioprotection

following MI (91). Additionally, the specific microRNA (miRNA)

targets determine their properties to inhibit or promote

ferroptosis. miR-432-5p promotes the activation of Nrf2 and

regulates the expression of GPX4 and SLC7A11 by binding to

Keap1, which enhances the antioxidant capacity of cells to

suppress ferroptosis (76). These findings underscore the

protective role of the Nrf2-GPX4/SLC7A11/HO-1 pathway in MI,

which preserves cardiomyocyte survival by reducing iron load

and lipid peroxidation. Conversely, miR-15a-5p, a direct target of

GPX4, exacerbates ferroptosis and aggravates hypoxia-induced

cardiomyocyte injury when overexpressed, modulating ferroptosis

in acute myocardial infarction (AMI) (74).

The downregulation of GPX4 during MI contributes to

ferroptosis in cardiomyocytes under metabolic stresses such as

cysteine deprivation (72). Within the GPX4 pathway, curdione, a

sesquiterpenoid derived from Radix Curcumae, has been shown

to markedly attenuate isoproterenol (ISO) induced MI as

evidenced by reduced MDA and iron levels alongside elevated

Lan et al. 10.3389/fcvm.2025.1592333

Frontiers in Cardiovascular Medicine 05 frontiersin.org

https://doi.org/10.3389/fcvm.2025.1592333
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


GSH levels and GPX4 expression (17). Protein levels of GPX4 are

significantly downregulated in the early and intermediate stages of

MI, with cysteine deprivation induced GSH depletion further

suppressing its expression, thereby enhancing the susceptibility of

primary neonatal rat cardiomyocytes to ferroptosis (72). The A1

and A2b adenosine receptors have been identified to modulate

GPX4, influencing ferroptosis outcomes in MI rats (92).

Salvianolic acid B inhibits ferroptosis in rat MI by upregulating

Nrf2 expression within the Nrf2/system Xc−/GPX4 axis (77).

Curdione disrupts the interaction between Keap1 and

thioredoxin 1 (Trx1) and inhibits ferroptosis in ISO-induced MI

in mice and H9C2 cells by modulating the Keap1/Trx1/GPX4

signaling pathway (17). Panaxatriol saponin (PTS) reduces

angiotensin II (Ang II)-induced differentiation and proliferation

of MI fibroblasts by blocking the Nrf2-binding site in Keap1,

thereby inhibiting oxidative stress and destabilising the

Keap1-Nrf2 interaction (78). Geniposide (GEN), the main active

ingredient of Gardenia jasminoides J. Ellis, directly upregulates

the expression of the RNA-binding protein of GPX4, G-rich

RNA sequence-binding factor 1 (Grsf1), at the translational level

via the Grsf1/GPX4 axis following myocardial oxidative injury.

This mechanism reduces iron overload and lipid peroxidation in

MI rats and thus counteracts ferroptosis injury after MI (75).

In addition, the role of Aldo-keto reductase 1C3 (AKR1C3) as

a stress-regulated gene in MI is of interest. It was found that

AKR1C3 in AMI rats and H9C2 cells preconditioned with

hypoxia mitigates ferroptosis after MI by activating the

Keap1-Nrf2-antioxidant response element (ARE) pathway (79).

This regulatory mechanism may provide a potential therapeutic

target for developing novel strategies against ferroptosis.

Furthermore, Apelin has been shown to inhibit ferroptosis in

cardiomyocytes by activating the AMP-activated protein kinase

(AMPK) signaling pathway in a mouse model of MI induced by

left anterior descending (LAD) coronary artery ligation and thus

exerts protective effects following MI (93).

4.2 Intracellular iron metabolism

Homeostatic regulation of iron plays a central role in the

initiation of ferroptosis. In the pathological context of MI,

dysregulated iron metabolism is often accompanied by iron

overload and the accumulation of ROS (39). In this process, key

genes related to iron metabolism, such as mTOR, exert

significant regulatory effects. mTOR prevents ferroptosis

mediated damage in MI by modulating iron metabolism. Cardiac

overexpression of mTOR suppresses ROS production and

ferroptosis, whereas mTOR downregulation promotes ferroptosis

alongside increased ROS generation (94). mTOR operates

through two multiprotein complexes, the mammalian target of

rapamycin complex 1 (mTORC1) and the mammalian target of

rapamycin complex 2 (mTORC2), which play critical roles in

stress responses (95). mTORC1 regulates the efficiency of

translation initiation by targeting S6K1, 4E-BP1 as part of a

FIGURE 2

Critical Role of Ferroptosis in Myocardial Infarction.
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TABLE 1 Translation of ferroptosis related proteins in myocardial infarction.

Regulatory
mechanisms

Key
molecules

Significance in
myocardial infarction

Related research Reference

Efficacy Type
of

study

Experimental model

System Xc- and

GPX4 Pathways

GPX4 Downregulation of GPX4

promotes cardiomyocyte

ferroptosis

miR-15a-5p directly targets

GPX4 to promote ferroptosis

in vivo Rats with ligation of left anterior

descending coronary artery

(74)

Curdione increases the

expression of GSH and GPX4

and disrupts the interaction

between Keap1 and Trx1 in the

Keap1/Trx1/GPX4 pathway,

thereby alleviating myocardial

infarction

in vivo Mouse induced by subcutaneous

injection of ISO

(17)

in vitro Rat H9c2 cells cultured by ISO

Geniposide upregulates the

expression of Grsf1 in GPX4,

thereby reducing iron overload

in myocardial infarction

in vivo Rats with ligation of left anterior

descending coronary artery

(75)

in vitro H2O2-induced Primary

cardiomyocytes and Rat cardiac

H9c2 cells

Nrf2 Upregulation of Nrf2

expression inhibits ferroptosis

in myocardial infarction

miR-432-5p enhances

antioxidant capacity by

activating Nrf2

in vivo Rats with ligation of left anterior

descending coronary artery

(76)

in vitro Oxygen Deprivation and

Reoxygenation Model of primary

cardiomyocytes

Salvianolic acid B inhibits

ferroptosis by upregulating the

expression of Nrf2 in the Nrf2/

GPX4 axis

in vivo Rats with ligation of left anterior

descending coronary artery

(77)

Panaxatriol saponin inhibit

oxidative stress and alleviate

ferroptosis in myocardial

infarction by blocking the Nrf2

binding site in Keap1

in vivo Rats with ligation of left anterior

descending coronary artery

(78)

in vitro Rats CFs

AKR1C3 activates the Keap1/

Nrf2/ARE pathway to mitigate

ferroptosis following myocardial

infarction

in vivo Rats with ligation of left anterior

descending coronary artery

(79)

in vitro Rat H9C2 myocardial cells

subjected to hypoxic treatment

Kaempferol ameliorates

myocardial infarction injury

through the HDAC3-mediated

Nrf2 signaling pathway

in vivo Rats induced by subcutaneous

injection of ISO

(80)

in vitro Rat H9c2 cardiomyocytes

stimulated with CoCl2

Intracellular iron

metabolism

mTOR Overexpression of mTOR

inhibits ROS and ferroptosis

Idebenone alleviates ferroptosis

through the AMPK-mTOR

pathway

in vivo Rats with ligation of left anterior

descending coronary artery

(81)

in vitro H2O2-induced Rat cardiac H9c2

cells

miR-214-3p Overexpression of miR-214-3p

induces cardiomyocyte

ferroptosis

Inhibition of miR-214-3p or

overexpression of ME2 alleviates

ferroptosis

in vivo Mouses with ligation of left anterior

descending coronary artery

(82)

in vitro primary cultures of neonatal rat

cardiomyocytes with hypoxic

treatment

Lipid peroxidation IncRNA and

circRNA

lncRNAs and circRNAs

regulate ferroptosis in

myocardial infarction by acting

as miRNA sponges, thereby

preventing miRNAs from

binding to their target mRNAs

LncRNA AC005332.7 sponges

miR-331-3p and regulates

CCND2 to inhibit ferroptosis

and alleviate acute myocardial

infarction injury

in vivo Mouses with ligation of left anterior

descending coronary artery

(83)

in vitro AC16 cells under oxygen and

glucose deprivation conditions

CircRNA1615 regulates LRP6

expression by sponge adsorption

of miR-152-3p and thus inhibits

ferroptosis in myocardial

infarction

in vivo Mouses with ligation of left anterior

descending coronary artery

(84)

in vitro mouse cardiomyocytes HL-1 with

hypoxic treatment

NEAT1 NEAT1 alleviates lipid

peroxidation and

cardiomyocyte ferroptosis

Silencing NEAT1 ameliorates

myocardial ischaemic injury by

inhibiting ferroptosis via the

miR-450b-5p/ACSL4 pathway

in vivo Mouses with ligation of left anterior

descending coronary artery

(85)

in vitro mouse cardiomyocytes HL-1 with

hypoxic treatment

USP Inhibition of USP expression

reduces iron deposition and

in vivo Rats with ligation of left anterior

descending coronary artery

(86)

(Continued)

Lan et al. 10.3389/fcvm.2025.1592333

Frontiers in Cardiovascular Medicine 07 frontiersin.org

https://doi.org/10.3389/fcvm.2025.1592333
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


complex cellular signaling network (96, 97). Idebenone, a synthetic

analog of coenzyme Q10, mitigates ferroptosis by modulating

excessive autophagy through the AMPK-mTOR pathway, thereby

exerting cardioprotective effects in MI (81).

Nrf2, a transcription factor implicated in ferroptosis regulation,

further underscores the critical role of iron metabolism in MI.

Kaempferol reduces oxidative stress and ameliorates MI injury

through the histone deacetylases 3 (HDAC3) mediated Nrf2

signaling pathway in cardiomyocytes (80). Hematopoietic

progenitor kinase 1-interacting protein of 55 kDa (HIP-55), an

adaptor protein, is the nodal regulator and hub protein in

cardiomyocyte ferroptosis. Protein kinase B (Akt) phosphorylates

HIP-55 at S269/T291 site, enabling HIP-55 to coordinate the

dynamic interplay between Akt mediated cell survival and the

mitogen-activated protein kinase kinase 1 (MAP4K1) dependent

c-Jun amino-terminal kinase (JNK)/GPX4 ferroptosis pathway,

thereby protecting against ferroptosis in MI (98). Heme

degradation, which generates Fe2+, is essential for maintaining

iron homeostasis. BTB domain and CNC homolog 1 (BACH1), a

regulator of heme and iron metabolism, promotes ferroptosis by

suppressing the transcription of a subset of protective genes

induced by erastin, as demonstrated in a mouse model of AMI

induced by left coronary artery ligation (99). miR-214-3p has

been identified to exacerbate ferroptosis and cellular injury in

neonatal rat cardiomyocytes, whereas miR-214-3p inhibitors

effectively protect cells against hypoxia-induced damage. Malic

enzyme 2 (ME2) is a direct target of miR-214-3p, and its

overexpression effectively mitigates excessive ferroptosis induced

by miR-214-3p mimics. miR-214-3p induces ferroptosis in MI by

targeting ME2 (82). Precise regulation of iron metabolism

represents a promising direction for reducing ferroptosis and

improving outcomes in MI. Epigallocatechin gallate, the primary

polyphenol in green tea, reduces AMI injury by preventing

ferroptosis through the miR-450b-5p/ACSL4 axis (14).

4.3 Lipid peroxidation

Lipid peroxidation plays a central role in the mechanisms

underlying ferroptosis, particularly in the context of MI. Lipid

peroxidation triggered by iron overload is recognized as a critical

factor driving ferroptosis. Bulluck et al. (100) demonstrated that

residual myocardial iron might be a potential therapeutic target

for reducing adverse ventricular remodelling in patients with

reperfused MI. Lipid metabolism is essential for maintaining

optimal cardiovascular function. The occurrence of ferroptosis is

closely related to lipid peroxidation, especially the oxidation of

PUFA in cell membranes, which disrupts membrane structure

and function, which in turn triggers ferroptosis (101).

Dysregulation of the system Xc− and GPX4 pathways leads to the

accumulation of lipid ROS, exacerbating membrane damage and

promoting ferroptotic cell death.

The modulation of lipid peroxidation has emerged as a critical

research focus in MI studies. The suppression of lipid peroxidation

has been demonstrated to effectively attenuate ferroptosis

progression, thereby reducing the damage after MI. Noncoding

RNAs are pivotal in the intricate interplay between MI and

ferroptosis (102). Long-stranded noncoding RNAs (IncRNAs)

mediate physiological and pathological processes in diseases such

as AMI. For instance, IncRNA AC005332.7 alleviates ferroptosis

and mitigates AMI injury by sponging miR-331-3p, a biomarker

in ST-segment elevation myocardial infarction (STEMI), and

TABLE 1 Continued

Regulatory
mechanisms

Key
molecules

Significance in
myocardial infarction

Related research Reference

Efficacy Type
of

study

Experimental model

lipid ROS, thereby improving

cardiac function

USP7 inhibitors attenuate

ferroptosis through the Nrf2

pathway

in vitro Rat cardiomyocyte H9c2 cells with

OGD/R

SP1 enhances USP46

transcription to Inactivate

AMPK signalling and

exacerbates ferroptosis after

myocardial infarction

in vitro cardiomyocytes AC16 with OGD/R (87)

HO-1 Overexpression of HO-1

induces iron overload in the

endoplasmic reticulum of

cardiomyocytes

HO-1 expression Is upregulated

by Nrf2 through the Nrf2/

Hmox1 pathway in the early and

mid-term of myocardial

infarction by Nrf2

in vivo Fifty STEMI patients reperfused by

PPCI

(88)

FNDC5/Irisin activates the Nrf2

signalling pathway to slow down

Nrf/HO-1 pathway-mediated

ferroptosis

in vitro Cardiomyocytes with hypoxic

treatment

(89)

m6A m6A plays a role in

cardiomyocyte ferroptosis by

dynamically regulating RNA

stability, splicing, transport,

and translation

WTAP-mediated modification

of KLF6 m6A exacerbates injury

and ferroptosis in AC16

cardiomyocytes under hypoxia

treatment

in vitro Human cardiomyocyte (AC16) with

hypoxic treatment

(90)
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regulating crucial roles of cyclin D2 (CCND2) expression (83).

CircRNA1615 inhibits ferroptosis in MI through sponge

adsorption of miR-152-3p, which modulates the expression of

low-density lipoprotein receptor-related protein 6 (LRP6) (84).

Nuclear paraspeckle assembly transcript 1 (NEAT1) has been

shown to reduce lipid peroxidation and ferroptosis in hypoxic

HL-1 cells and AMI mice. NEAT1 directly sponges miR-450b-5p

and negatively regulates its expression. miR-450b-5p directly

targets ACSL4 and the silencing of NEAT1 suppresses ferroptosis

via the miR-450b-5p/ACSL4 axis, effectively ameliorating

myocardial ischemic injury (85).

Ubiquitin-specific protease (USP), the largest subgroup of

deubiquitinating enzymes, plays a pivotal role in the progression

of CVDs (103). Nrf2, identified as a master transcriptional

regulator in ferroptosis, exerts critical functions within the

Nrf2-lipid peroxidation-ferroptosis axis by protecting cells from

lethal ROS damage, modulating antioxidant responses across

diverse cell types and suppressing ferroptosis (52). Studies have

revealed that USP7 is highly expressed in ferroptosis-mediated

MI. Inhibition of USP7 activates the Keap1-Nrf2 pathway,

elevates nuclear Nrf2 expression, reduces iron deposition and

lipid ROS levels, and improves cardiac function while

diminishing infarct size through ferroptosis attenuation (86).

Specificity protein 1 (SP1) mediates ferroptosis induced by

ischemia-reperfusion injury after MI by enhancing the

transcription of USP46 and inactivating AMPK signaling (87).

Iron overload in the endoplasmic reticulum of cardiomyocytes is

triggered by HO-1 overexpression under hypoxic or hypoxia/

reoxygenation conditions, leading to ferroptosis via iron

metabolic pathways (104). Furthermore, HO-1 expression is

upregulated by Nrf2 through the Nrf2/heme oxygenase 1

(Hmox1) pathway during the early and intermediate stages of

MI, resulting in iron excess and subsequent ferroptosis of

cardiomyocytes (88). Irisin, a myokine derived from proteolytic

cleavage of the extracellular domain of fibronectin type III

domain-containing 5 (FNDC5), is a transmembrane protein that

enhances cardiomyocyte viability and reduces oxidative stress.

FNDC5/Irisin expression is downregulated in hypoxic

cardiomyocytes, whereas its activation of the Nrf2 signaling

pathway mitigates ferroptosis through the Nrf2/HO-1 axis (89).

Adipsin, an adipokine, significantly upregulates ferritin heavy

chain (FtH) levels while downregulating transferrin receptor

(TFRC) expression and alleviating lipid oxidative stress associated

with MI (105). Differentially expressed genes (DEGs) identified

via microarray analysis in AMI are linked to m6A modifications

and ferroptosis, which offer novel insights for timely diagnosis

and treatment (106). WT1-associated protein (WTAP) mediated

m6A modification of kruppel-like factor 6 (KLF6) exacerbates

hypoxic injury and ferroptosis in AC16 cardiomyocytes under

low-oxygen conditions (90).

5 Discussion

Ferroptosis is an emerging form of cell death whose

mechanism involves multiple biological processes in which the

regulation of protein translation plays a crucial role.

Traditionally, ferroptosis has been primarily associated with iron

metabolism and lipid peroxidation (61). However, recent studies

have revealed that dysregulation of protein translation,

particularly abnormalities in translation initiation, elongation,

and termination, may significantly influence the initiation and

progression of ferroptosis (54–57). The occurrence of ferroptosis

is closely linked to the system Xc− and GPX4 pathways, where

system Xc− facilitates Cys transport, thereby promoting GSH

synthesis (25, 26). GSH is a key substrate for GPX4, inhibiting

lipid peroxidation through its antioxidant activity and preventing

ferroptosis (29). Research has demonstrated that translation

initiation factors (e.g., eIF2α) are non-negligible in ferroptosis.

Phosphorylation of eIF2α modulates the translation initiation

rate and regulates ferroptosis by influencing cellular oxidative

stress responses (107, 108). Furthermore, the accumulation of

lipid peroxides represents a central factor in ferroptosis, while

translation factors involved in protein synthesis are intricately

linked to regulating cellular stress responses and potentially

modulating ferroptosis sensitivity through the expression of

antioxidant genes (53).

Although extensive studies have elucidated the role of

protein translation in ferroptosis, current research still faces

several limitations. (i) The precise regulatory mechanisms of

ferroptosis remain incompletely understood, particularly the

specific interactions between intracellular iron metabolism

and protein translation. While certain translation factors and

post-translational modifications have been identified as closely

associated with ferroptosis, their molecular-level coordination

and collective regulation of ferroptosis require further

investigation. More importantly, ferroptosis is not an isolated

event but is intricately linked to other forms of cell death,

such as apoptosis, necrosis, and autophagy. The molecular

mechanisms governing this crosstalk need to be further

characterized to uncover potential antagonistic or synergistic

effects in the context of CVDs, particularly MI. (ii) Most of the

research on MI predominantly relies on animal models and cell-

based experiments, with a lack of extensive clinical validation.

Consequently, translating these fundamental findings into clinical

therapeutic strategies remains a significant challenge. (iii) The

feedback mechanisms between protein translation and ferroptosis

have not been thoroughly explored. Although regulatory

mechanisms such as the phosphorylation of translation initiation

factors play a role in ferroptosis, their functions may vary across

different cell types and disease contexts. Therefore, exploring the

impact of translational regulation on ferroptosis in diverse

disease settings, particularly in complex conditions such as MI,

represents a critical direction for future research.

Future research could elucidate the intricate relationship

between protein translation and ferroptosis, with particular

emphasis on their specific roles in MI. (i) Studies should

prioritize the details of how translation factors are involved in

the regulation of ferroptosis, revealing how various aspects of the

protein translation process interact with iron metabolism and

antioxidant systems, etc. (ii) As understanding of PTMs

advances, researchers are encouraged to explore therapeutic
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strategies that target specific PTM-modifying enzymes or

associated molecules to modulate ferroptosis, potentially offering

novel interventions for MI and related pathologies. (iii) Clinical

investigations in this field must be prioritized. While current

ferroptosis research predominantly focuses on preclinical models,

translating these findings into clinical applications holds

significant promise. For instance, developing miRNA-based

therapies, protein-specific modulators, or small-molecule

compounds capable of regulating protein translation pathways to

attenuate or reverse myocardial injury post-MI represents an

emerging frontier in clinical research. Building on the interplay

between protein translation and ferroptosis, the design of

innovative therapeutic approaches targeting MI may provide

patients with additional treatment modalities.

6 Conclusions

This review provides an exhaustive exploration of the

relationship between ferroptosis and protein translation,

elucidating their potential mechanistic roles in MI. By

synthesizing the significant themes and findings from the

preceding five years of research, novel strategies for preventing

and treating MI are proposed. Based on a comprehensive

analysis of ferroptosis and protein translation mechanisms,

targeting translation factors or modulating key proteins involved

in iron metabolism and lipid peroxidation may offer potential

therapeutic avenues to inhibit ferroptosis, thereby mitigating

cardiomyocyte injury and death. Future research should focus on

the intersecting regulatory networks between translation

mechanisms and ferroptosis to identify innovative therapeutic

strategies for MI and enhance treatment efficacy.

Author contributions

QL: Data curation, Formal analysis, Resources, Writing –

original draft. Q-YL: Formal analysis, Methodology, Validation,

Writing – original draft. WQ: Formal analysis, Methodology,

Validation, Writing – original draft. LL: Formal analysis,

Methodology, Software, Writing – original draft. ZW:

Methodology, Validation, Visualization, Writing – original draft.

TP: Data curation, Formal analysis, Visualization, Writing –

original draft. PL: Formal analysis, Methodology, Software,

Writing – original draft. GL: Investigation, Supervision,

Validation, Writing – review & editing. MC: Investigation,

Supervision, Validation, Writing – review & editing. ML:

Investigation, Supervision, Validation, Writing – review & editing.

Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. This work

was supported by the National Natural Science Foundation of

China (No. 82074378), the Project of Science & Technology

Department of Sichuan Province (No. 2022YFS0618), Project of

Office of Science & Technology and talent work of Luzhou (No.

2023JYJ029, No. 2022JYJ104), 2024 Traditional Chinese Medicine

Guangdong Provincial Laboratory Project (No. HQCML-C-

2024005), Shenzhen Science and Technology Program

(No. JCYJ20230807094603007, No. JCYJ20240813152440051),

Shenzhen Medical Research Fund (No. A2403028) and the

Project of Southwest Medical University (No. 2023ZYYQ04, No.

2024ZKZ007, No. 202410632043). The funder had no role in the

study design, data analysis, or decision to publish.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. World Health Organization. Cardiovascular diseases (CVDs). Available at:
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
(Accessed February 16, 2025).

2. Lv Q, Lin J, Huang H, Ma B, Li W, Chen J, et al. Nanosponge for iron chelation
and efflux: a ferroptosis-inhibiting approach for myocardial infarction therapy. Adv
Sci. (2024) 11:e2305895. doi: 10.1002/advs.202305895

3. Mia MM, Cibi DM, Abdul Ghani SAB, Song W, Tee N, Ghosh S, et al. YAP/TAZ
deficiency reprograms macrophage phenotype and improves infarct healing and

cardiac function after myocardial infarction. PLoS Biol. (2020) 18:e3000941. doi: 10.
1371/journal.pbio.3000941

4. Sun Q, Chen W, Wu R, Tao B, Wang P, Sun B, et al. Serine protease inhibitor,
SerpinA3n, regulates cardiac remodelling after myocardial infarction. Cardiovasc
Res. (2024) 120:943–53. doi: 10.1093/cvr/cvae075

5. Feng R, Wang D, Li T, Liu X, Peng T, Liu M, et al. Elevated SLC40A1 impairs cardiac
function and exacerbates mitochondrial dysfunction, oxidative stress, and apoptosis in
ischemic myocardia. Int J Biol Sci. (2024) 20:414–32. doi: 10.7150/ijbs.89368

Lan et al. 10.3389/fcvm.2025.1592333

Frontiers in Cardiovascular Medicine 10 frontiersin.org

https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://doi.org/10.1002/advs.202305895
https://doi.org/10.1371/journal.pbio.3000941
https://doi.org/10.1371/journal.pbio.3000941
https://doi.org/10.1093/cvr/cvae075
https://doi.org/10.7150/ijbs.89368
https://doi.org/10.3389/fcvm.2025.1592333
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


6. Wu X, Iroegbu CD, Peng J, Guo J, Yang J, Fan C. Cell death and exosomes
regulation after myocardial infarction and ischemia-reperfusion. Front Cell Dev Biol.
(2021) 9:673677. doi: 10.3389/fcell.2021.673677

7. Wang W, Zheng H. Myocardial infarction: the protective role of MiRNAs in
myocardium pathology. Front Cardiovasc Med. (2021) 8:631817. doi: 10.3389/fcvm.
2021.631817

8. Shen D, Gao Y, Huang Q, Xuan Y, Yao Y, Gu L, et al. E2f1 promotes proliferation
and metastasis of clear cell renal cell carcinoma via activation of SREBP1-dependent
fatty acid biosynthesis. Cancer Lett. (2021) 514:48–62. doi: 10.1016/j.canlet.2021.05.
012

9. Klapp V, Paggetti J, Largeot A, Moussay E. Targeting mRNA translation
aberrations: a novel approach for therapy in chronic lymphocytic leukemia. Cancer
Commun. (2023) 43:1373–6. doi: 10.1002/cac2.12493

10. Chen J, Li K, Chen J, Wang X, Ling R, Cheng M, et al. Aberrant translation
regulated by METTL1/WDR4-mediated tRNA N7-methylguanosine modification
drives head and neck squamous cell carcinoma progression. Cancer Commun.
(2022) 42:223–44. doi: 10.1002/cac2.12273

11. Minoia M, Quintana-Cordero J, Jetzinger K, Kotan IE, Turnbull KJ, Ciccarelli M,
et al. Chp1 is a dedicated chaperone at the ribosome that safeguards eEF1A biogenesis.
Nat Commun. (2024) 15:1382. doi: 10.1038/s41467-024-45645-w

12. Liu L, Pang J, Qin D, Li R, Zou D, Chi K, et al. Deubiquitinase OTUD5 as a
novel protector against 4-HNE-triggered ferroptosis in myocardial ischemia/
reperfusion injury. Adv Sci. (2023) 10:e2301852. doi: 10.1002/advs.202301852

13. Sun Q, Ma H, Zhang J, You B, Gong X, Zhou X, et al. A self-sustaining
antioxidant strategy for effective treatment of myocardial infarction. Adv Sci. (2023)
10:e2204999. doi: 10.1002/advs.202204999

14. Yu Q, Zhang N, Gan X, Chen L, Wang R, Liang R, et al. EGCG Attenuated acute
myocardial infarction by inhibiting ferroptosis via miR-450b-5p/ACSL4 axis.
Phytomedicine. (2023) 119:154999. doi: 10.1016/j.phymed.2023.154999

15. Kitakata H, Endo J, Matsushima H, Yamamoto S, Ikura H, Hirai A, et al.
MITOL/MARCH5 determines the susceptibility of cardiomyocytes to doxorubicin-
induced ferroptosis by regulating GSH homeostasis. J Mol Cell Cardiol. (2021)
161:116–29. doi: 10.1016/j.yjmcc.2021.08.006

16. Guo D, Yang X, Yu R, Geng J, Zhang X, Wang Y, et al. Macrophage-derived
extracellular vesicles represent a promising endogenous iron-chelating therapy for
iron overload and cardiac injury in myocardial infarction. J Nanobiotechnology.
(2024) 22:527. doi: 10.1186/s12951-024-02800-1

17. Wang H, Xie B, Shi S, Zhang R, Liang Q, Liu Z, et al. Curdione inhibits
ferroptosis in isoprenaline-induced myocardial infarction via regulating Keap1/
Trx1/GPX4 signaling pathway. Phytother Res. (2023) 37:5328–40. doi: 10.1002/ptr.
7964

18. Gao F, Liang T, Lu YW, Pu L, Fu X, Dong X, et al. Reduced mitochondrial
protein translation promotes cardiomyocyte proliferation and heart regeneration.
Circulation. (2023) 148:1887–906. doi: 10.1161/CIRCULATIONAHA.122.061192

19. Dixon SJ, Lemberg KM, Lamprecht MR, Skouta R, Zaitsev EM, Gleason CE,
et al. Ferroptosis: an iron-dependent form of nonapoptotic cell death. Cell. (2012)
149:1060–72. doi: 10.1016/j.cell.2012.03.042

20. Li J, Cao F, Yin H, Huang Z, Lin Z, Mao N, et al. Ferroptosis: past, present and
future. Cell Death Dis. (2020) 11:88. doi: 10.1038/s41419-020-2298-2

21. Lewerenz J, Hewett SJ, Huang Y, Lambros M, Gout PW, Kalivas PW, et al. The
cystine/glutamate antiporter system xc

− in health and disease: from molecular
mechanisms to novel therapeutic opportunities. Antioxid Redox Signaling. (2013)
18:522–55. doi: 10.1089/ars.2011.4391

22. Dixon SJ, Patel DN, Welsch M, Skouta R, Lee ED, Hayano M, et al.
Pharmacological inhibition of cystine-glutamate exchange induces endoplasmic
reticulum stress and ferroptosis. Elife. (2014) 3:e02523. doi: 10.7554/eLife.02523

23. Yang R, Ma L, Wan J, Li Z, Yang Z, Zhao Z, et al. Ferroptosis-associated circular
RNAs: opportunities and challenges in the diagnosis and treatment of cancer. Front
Cell Dev Biol. (2023) 11:1160381. doi: 10.3389/fcell.2023.1160381

24. Jia M, Qin D, Zhao C, Chai L, Yu Z, Wang W, et al. Redox homeostasis
maintained by GPX4 facilitates STING activation. Nat Immunol. (2020) 21:727–35.
doi: 10.1038/s41590-020-0699-0

25. Yang X, Chen Y, Guo J, Li J, Zhang P, Yang H, et al. Polydopamine nanoparticles
targeting ferroptosis mitigate intervertebral disc degeneration via reactive oxygen
species depletion, iron ions chelation, and GPX4 ubiquitination suppression. Adv
Sci. (2023) 10:e2207216. doi: 10.1002/advs.202207216

26. Floros KV, Cai J, Jacob S, Kurupi R, Fairchild CK, Shende M, et al. MYCN-
amplified neuroblastoma is addicted to iron and vulnerable to inhibition of the
system Xc−/glutathione axis. Cancer Res. (2021) 81:1896–908. doi: 10.1158/0008-
5472.CAN-20-1641

27. Wang L, Liu Y, Du T, Yang H, Lei L, Guo M, et al. ATF3 Promotes erastin-
induced ferroptosis by suppressing system Xc. Cell Death Differ. (2020) 27:662–75.
doi: 10.1038/s41418-019-0380-z

28. Rashdan NA, Shrestha B, Pattillo CB. S-glutathionylation, friend or foe in
cardiovascular health and disease. Redox Biol. (2020) 37:101693. doi: 10.1016/j.
redox.2020.101693

29. Seib TM, Patel SA, Bridges RJ. Regulation of the system x(C)− cystine/glutamate
exchanger by intracellular glutathione levels in rat astrocyte primary cultures. Glia.
(2011) 59:1387–401. doi: 10.1002/glia.21176

30. Bertero E, Maack C. Ins and outs of glutathione in cardiac ischemia/reperfusion
injury. Circ Res. (2023) 133:877–9. doi: 10.1161/CIRCRESAHA.123.323715

31. Xin H, Huang Y, Tang H, Chen Y, Xia H, Zhang F, et al. Delivery of a system xc-
inhibitor by a redox-responsive levodopa prodrug nanoassembly for combination
ferrotherapy. J Mater Chem B. (2021) 9:7172–81. doi: 10.1039/d1tb00742d

32. Xie L, Chen W, Chen Q, Jiang Y, Song E, Zhu X, et al. Synergistic hydroxyl
radical formation, system XC- inhibition and heat shock protein crosslinking tango
in ferrotherapy: a prove-of-concept study of “sword and shield” theory. Mater
Today Bio. (2022) 16:100353. doi: 10.1016/j.mtbio.2022.100353

33. Wang W, Fu F, Huang Z, Wang W, Chen M, Yue X, et al. Inhalable biomimetic
protein corona-mediated nanoreactor for self-amplified lung adenocarcinoma
ferroptosis therapy. ACS Nano. (2022) 16:8370–87. doi: 10.1021/acsnano.2c02634

34. Wang H-H, Fan S-Q, Zhan Y-T, Peng S-P, Wang W-Y. Suppression of the
SLC7A11/glutathione axis causes ferroptosis and apoptosis and alters the mitogen-
activated protein kinase pathway in nasopharyngeal carcinoma. Int J Biol Macromol.
(2024) 254:127976. doi: 10.1016/j.ijbiomac.2023.127976

35. Ingold I, Berndt C, Schmitt S, Doll S, Poschmann G, Buday K, et al. Selenium
utilization by GPX4 is required to prevent hydroperoxide-induced ferroptosis. Cell.
(2018) 172:409–422.e21. doi: 10.1016/j.cell.2017.11.048

36. Ding Y, Chen X, Liu C, Ge W, Wang Q, Hao X, et al. Identification of a small
molecule as inducer of ferroptosis and apoptosis through ubiquitination of GPX4 in
triple negative breast cancer cells. J Hematol Oncol. (2021) 14:19. doi: 10.1186/
s13045-020-01016-8

37. Battaglia AM, Chirillo R, Aversa I, Sacco A, Costanzo F, Biamonte F. Ferroptosis
and cancer: mitochondria meet the “iron maiden” cell death. Cells. (2020) 9:1505.
doi: 10.3390/cells9061505

38. Roemhild K, von Maltzahn F, Weiskirchen R, Knüchel R, von Stillfried S,
Lammers T. Iron metabolism: pathophysiology and pharmacology. Trends
Pharmacol Sci. (2021) 42:640–56. doi: 10.1016/j.tips.2021.05.001

39. Chicherin IV, Baleva MV, Levitskii SA, Dashinimaev EB, Krasheninnikov IA,
Kamenski P. Initiation factor 3 is dispensable for mitochondrial translation in
cultured human cells. Sci Rep. (2020) 10:7110. doi: 10.1038/s41598-020-64139-5

40. Hassannia B, Vandenabeele P, Vanden Berghe T. Targeting ferroptosis to iron
out cancer. Cancer Cell. (2019) 35:830–49. doi: 10.1016/j.ccell.2019.04.002

41. Lv Y-T, Liu T-B, Li Y, Wang Z-Y, Lian C-Y, Wang L. HO-1 activation
contributes to cadmium-induced ferroptosis in renal tubular epithelial cells via
increasing the labile iron pool and promoting mitochondrial ROS generation. Chem
Biol Interact. (2024) 399:111152. doi: 10.1016/j.cbi.2024.111152

42. Sun X, Ou Z, Xie M, Kang R, Fan Y, Niu X, et al. HSPB1 As a novel regulator of
ferroptotic cancer cell death. Oncogene. (2015) 34:5617–25. doi: 10.1038/onc.2015.32

43. Stockwell BR, Friedmann Angeli JP, Bayir H, Bush AI, Conrad M, Dixon SJ,
et al. Ferroptosis: a regulated cell death nexus linking metabolism, redox biology,
and disease. Cell. (2017) 171:273–85. doi: 10.1016/j.cell.2017.09.021

44. Wenzel SE, Tyurina YY, Zhao J, Croix CMS, Dar HH, Mao G, et al. PEBP1
Wardens ferroptosis by enabling lipoxygenase generation of lipid death signals. Cell.
(2017) 171:628–641.e26. doi: 10.1016/j.cell.2017.09.044

45. Cambiaggi L, Chakravarty A, Noureddine N, Hersberger M. The role of α-
linolenic acid and its oxylipins in human cardiovascular diseases. Int J Mol Sci.
(2023) 24:6110. doi: 10.3390/ijms24076110

46. Dyall SC, Balas L, Bazan NG, Brenna JT, Chiang N, da Costa Souza F, et al.
Polyunsaturated fatty acids and fatty acid-derived lipid mediators: recent advances
in the understanding of their biosynthesis, structures, and functions. Prog Lipid Res.
(2022) 86:101165. doi: 10.1016/j.plipres.2022.101165

47. Xue Q, Kang R, Klionsky DJ, Tang D, Liu J, Chen X. Copper metabolism in cell
death and autophagy. Autophagy. (2023) 19:2175–95. doi: 10.1080/15548627.2023.
2200554

48. Samovich SN, Mikulska-Ruminska K, Dar HH, Tyurina YY, Tyurin VA,
Souryavong AB, et al. Strikingly high activity of 15-lipoxygenase towards di-
polyunsaturated arachidonoyl/adrenoyl-phosphatidylethanolamines generates
peroxidation signals of ferroptotic cell death. Angew Chem Int Ed Engl. (2024) 63:
e202314710. doi: 10.1002/anie.202314710

49. Zhang LJ, Salekeen R, Soto-Palma C, Elsallabi O, Ye H, Hughes B, et al.
Identification of lipid senolytics targeting senescent cells through ferroptosis
induction. bioRxiv. (2024). 2024.10.14.618023 doi: 10.1101/2024.10.14.618023

50. Gan B. ACSL4, PUFA, and ferroptosis: new arsenal in anti-tumor immunity.
Signal Transduct Target Ther. (2022) 7:128. doi: 10.1038/s41392-022-01004-z

51. Bersuker K, Hendricks JM, Li Z, Magtanong L, Ford B, Tang PH, et al. The CoQ
oxidoreductase FSP1 acts parallel to GPX4 to inhibit ferroptosis. Nature. (2019)
575:688–92. doi: 10.1038/s41586-019-1705-2

52. Luo X, Wang Y, Zhu X, Chen Y, Xu B, Bai X, et al. MCL Attenuates
atherosclerosis by suppressing macrophage ferroptosis via targeting KEAP1/NRF2
interaction. Redox Biol. (2024) 69:102987. doi: 10.1016/j.redox.2023.102987

Lan et al. 10.3389/fcvm.2025.1592333

Frontiers in Cardiovascular Medicine 11 frontiersin.org

https://doi.org/10.3389/fcell.2021.673677
https://doi.org/10.3389/fcvm.2021.631817
https://doi.org/10.3389/fcvm.2021.631817
https://doi.org/10.1016/j.canlet.2021.05.012
https://doi.org/10.1016/j.canlet.2021.05.012
https://doi.org/10.1002/cac2.12493
https://doi.org/10.1002/cac2.12273
https://doi.org/10.1038/s41467-024-45645-w
https://doi.org/10.1002/advs.202301852
https://doi.org/10.1002/advs.202204999
https://doi.org/10.1016/j.phymed.2023.154999
https://doi.org/10.1016/j.yjmcc.2021.08.006
https://doi.org/10.1186/s12951-024-02800-1
https://doi.org/10.1002/ptr.7964
https://doi.org/10.1002/ptr.7964
https://doi.org/10.1161/CIRCULATIONAHA.122.061192
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1038/s41419-020-2298-2
https://doi.org/10.1089/ars.2011.4391
https://doi.org/10.7554/eLife.02523
https://doi.org/10.3389/fcell.2023.1160381
https://doi.org/10.1038/s41590-020-0699-0
https://doi.org/10.1002/advs.202207216
https://doi.org/10.1158/0008-5472.CAN-20-1641
https://doi.org/10.1158/0008-5472.CAN-20-1641
https://doi.org/10.1038/s41418-019-0380-z
https://doi.org/10.1016/j.redox.2020.101693
https://doi.org/10.1016/j.redox.2020.101693
https://doi.org/10.1002/glia.21176
https://doi.org/10.1161/CIRCRESAHA.123.323715
https://doi.org/10.1039/d1tb00742d
https://doi.org/10.1016/j.mtbio.2022.100353
https://doi.org/10.1021/acsnano.2c02634
https://doi.org/10.1016/j.ijbiomac.2023.127976
https://doi.org/10.1016/j.cell.2017.11.048
https://doi.org/10.1186/s13045-020-01016-8
https://doi.org/10.1186/s13045-020-01016-8
https://doi.org/10.3390/cells9061505
https://doi.org/10.1016/j.tips.2021.05.001
https://doi.org/10.1038/s41598-020-64139-5
https://doi.org/10.1016/j.ccell.2019.04.002
https://doi.org/10.1016/j.cbi.2024.111152
https://doi.org/10.1038/onc.2015.32
https://doi.org/10.1016/j.cell.2017.09.021
https://doi.org/10.1016/j.cell.2017.09.044
https://doi.org/10.3390/ijms24076110
https://doi.org/10.1016/j.plipres.2022.101165
https://doi.org/10.1080/15548627.2023.2200554
https://doi.org/10.1080/15548627.2023.2200554
https://doi.org/10.1002/anie.202314710
https://doi.org/10.1101/2024.10.14.618023
https://doi.org/10.1038/s41392-022-01004-z
https://doi.org/10.1038/s41586-019-1705-2
https://doi.org/10.1016/j.redox.2023.102987
https://doi.org/10.3389/fcvm.2025.1592333
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


53. Xie Y, Kang R, Klionsky DJ, Tang D. GPX4 In cell death, autophagy, and disease.
Autophagy. (2023) 19:2621–38. doi: 10.1080/15548627.2023.2218764

54. Yan X, Hoek TA, Vale RD, Tanenbaum ME. Dynamics of translation of single
mRNA molecules in vivo. Cell. (2016) 165:976–89. doi: 10.1016/j.cell.2016.04.034

55. Riba A, Di Nanni N, Mittal N, Arhné E, Schmidt A, Zavolan M. Protein
synthesis rates and ribosome occupancies reveal determinants of translation
elongation rates. Proc Natl Acad Sci U S A. (2019) 116:15023–32. doi: 10.1073/pnas.
1817299116

56. Shirokikh NE, Archer SK, Beilharz TH, Powell D, Preiss T. Translation complex
profile sequencing to study the in vivo dynamics of mRNA-ribosome interactions
during translation initiation, elongation and termination. Nat Protoc. (2017)
12:697–731. doi: 10.1038/nprot.2016.189

57. Mateju D, Eichenberger B, Voigt F, Eglinger J, Roth G, Chao JA. Single-molecule
imaging reveals translation of mRNAs localized to stress granules. Cell. (2020)
183:1801–1812.e13. doi: 10.1016/j.cell.2020.11.010

58. Hernández G, García A, Sonenberg N, Lasko P. Unorthodox mechanisms to
initiate translation open novel paths for gene expression. J Mol Biol. (2020)
432:166702. doi: 10.1016/j.jmb.2020.10.035

59. Friedrich D, Marintchev A, Arthanari H. The metaphorical Swiss army knife: the
multitude and diverse roles of HEAT domains in eukaryotic translation initiation.
Nucleic Acids Res. (2022) 50:5424–42. doi: 10.1093/nar/gkac342

60. Zhang G, Wang X, Li C, Li Q, An YA, Luo X, et al. Integrated stress response
couples mitochondrial protein translation with oxidative stress control. Circulation.
(2021) 144:1500–15. doi: 10.1161/CIRCULATIONAHA.120.053125

61. Tan M, Yin Y, Ma X, Zhang J, Pan W, Tan M, et al. Glutathione system
enhancement for cardiac protection: pharmacological options against oxidative stress
and ferroptosis. Cell Death Dis. (2023) 14:131. doi: 10.1038/s41419-023-05645-y

62. Jia X, He X, Huang C, Li J, Dong Z, Liu K. Protein translation: biological
processes and therapeutic strategies for human diseases. Signal Transduct Target
Ther. (2024) 9:44. doi: 10.1038/s41392-024-01749-9

63. Zhuang S, Ma Y, Zeng Y, Lu C, Yang F, Jiang N, et al. METTL14 Promotes
doxorubicin-induced cardiomyocyte ferroptosis by regulating the KCNQ1OT1-miR-
7-5p-TFRC axis. Cell Biol Toxicol. (2023) 39:1015–35. doi: 10.1007/s10565-021-
09660-7

64. Chen Y-S, Li J, Menon R, Jayaraman A, Lee K, Huang Y, et al. Dietary spinach
reshapes the gut microbiome in an Apc-mutant genetic background: mechanistic
insights from integrated multi-omics. Gut Microbes. (2021) 13:1972756. doi: 10.
1080/19490976.2021.1972756

65. Qiu L, Hu M, Qin X, Song R, Sun Y, Wang X. Intracellular regulation limits the
response of intestinal ferroportin to iron status in suckling rats. Mol Nutr Food Res.
(2024) 68:e2300617. doi: 10.1002/mnfr.202300617

66. Harrigan JA, Jacq X, Martin NM, Jackson SP. Deubiquitylating enzymes and
drug discovery: emerging opportunities. Nat Rev Drug Discov. (2018) 17:57–78.
doi: 10.1038/nrd.2017.152

67. Narita T, Weinert BT, Choudhary C. Functions and mechanisms of non-histone
protein acetylation. Nat Rev Mol Cell Biol. (2019) 20:156–74. doi: 10.1038/s41580-018-
0081-3

68. Parisis N, Dans PD, Jbara M, Singh B, Schausi-Tiffoche D, Molina-Serrano D,
et al. Histone H3 serine-57 is a CHK1 substrate whose phosphorylation affects
DNA repair. Nat Commun. (2023) 14:5104. doi: 10.1038/s41467-023-40843-4

69. Engström P, Burke TP, Tran CJ, Iavarone AT, Welch MD. Lysine methylation
shields an intracellular pathogen from ubiquitylation and autophagy. Sci Adv.
(2021) 7:eabg2517. doi: 10.1126/sciadv.abg2517

70. Huang L, Wang Z, Narayanan N, Yang Y. Arginine methylation of the
C-terminus RGG motif promotes TOP3B topoisomerase activity and stress granule
localization. Nucleic Acids Res. (2018) 46:3061–74. doi: 10.1093/nar/gky103

71. Wang X, Lu Z, Gomez A, Hon GC, Yue Y, Han D, et al. N6-methyladenosine-
dependent regulation of messenger RNA stability. Nature. (2014) 505:117–20. doi: 10.
1038/nature12730

72. Park T-J, Park JH, Lee GS, Lee J-Y, Shin JH, Kim MW, et al. Quantitative
proteomic analyses reveal that GPX4 downregulation during myocardial infarction
contributes to ferroptosis in cardiomyocytes. Cell Death Dis. (2019) 10:835. doi: 10.
1038/s41419-019-2061-8

73. Zhang J, Bolli R, Garry DJ, Marbán E, Menasché P, Zimmermann W-H, et al.
Basic and translational research in cardiac repair and regeneration: JACC state-of-
the-art review. J Am Coll Cardiol. (2021) 78:2092–105. doi: 10.1016/j.jacc.2021.09.019

74. Fan K, Huang W, Qi H, Song C, He C, Liu Y, et al. The Egr-1/miR-15a-5p/GPX4
axis regulates ferroptosis in acute myocardial infarction. Eur J Pharmacol. (2021)
909:174403. doi: 10.1016/j.ejphar.2021.174403

75. Shen Y, Wang X, Shen X, Wang Y, Wang S, Zhang Y, et al. Geniposide possesses
the protective effect on myocardial injury by inhibiting oxidative stress and ferroptosis
via activation of the Grsf1/GPx4 axis. Front Pharmacol. (2022) 13:879870. doi: 10.
3389/fphar.2022.879870

76. Geng W, Yan S, Li X, Liu Q, Zhang X, Gu X, et al. miR-432-5p inhibits the
ferroptosis in cardiomyocytes induced by hypoxia/reoxygenation via activating

Nrf2/SLC7A11 axis by degrading Keap1. Anal Cell Pathol. (2023) 2023:1293200.
doi: 10.1155/2023/1293200

77. Shen Y, Shen X, Wang S, Zhang Y, Wang Y, Ding Y, et al. Protective effects of
salvianolic acid B on rat ferroptosis in myocardial infarction through upregulating the
Nrf2 signaling pathway. Int Immunopharmacol. (2022) 112:109257. doi: 10.1016/j.
intimp.2022.109257

78. Yao H, He Q, Huang C, Wei S, Gong Y, Li X, et al. Panaxatriol saponin
ameliorates myocardial infarction-induced cardiac fibrosis by targeting Keap1/Nrf2
to regulate oxidative stress and inhibit cardiac-fibroblast activation and
proliferation. Free Radic Biol Med. (2022) 190:264–75. doi: 10.1016/j.freeradbiomed.
2022.08.016

79. Miao W, Hu Y-Z. Aldo-Keto reductase 1C3 reduces myocardial cell damage
after acute myocardial infarction by activating the Kelch-like ECH-associated
protein 1-nuclear factor erythroid 2-related factor 2-antioxidant response element
pathway to inhibit ferroptosis. J Geriatr Cardiol. (2024) 21:899–912. doi: 10.26599/
1671-5411.2024.09.001

80. Yue Z, Zhang Y, Zhang W, Zheng N, Wen J, Ren L, et al. Kaempferol alleviates
myocardial ischemia injury by reducing oxidative stress via the HDAC3-mediated
Nrf2 signaling pathway. J Adv Res. (2024):S2090-1232(24)00491-0. doi: 10.1016/j.
jare.2024.10.037

81. Li D, Zhang G, Wang Z, Guo J, Liu Y, Lu Y, et al. Idebenone attenuates
ferroptosis by inhibiting excessive autophagy via the ROS-AMPK-mTOR pathway
to preserve cardiac function after myocardial infarction. Eur J Pharmacol. (2023)
943:175569. doi: 10.1016/j.ejphar.2023.175569

82. Liu F, Jiang L, Zhang Y, Xu S, Liu S, Ye J, et al. Inhibition of miR-214-3p
attenuates ferroptosis in myocardial infarction via regulating ME2. Biochem Biophys
Res Commun. (2023) 661:64–74. doi: 10.1016/j.bbrc.2023.04.031

83. Dai R, Yang X, He W, Su Q, Deng X, Li J. LncRNA AC005332.7 inhibited
ferroptosis to alleviate acute myocardial infarction through regulating miR-331-3p/
CCND2 axis. Korean Circ J. (2023) 53:151. doi: 10.4070/kcj.2022.0242

84. Li R, Fan C, Gong S, Kang S. Effect and mechanism of LRP6 on cardiac myocyte
ferroptosis in myocardial infarction. Oxid Med Cell Longevity. (2021) 2021:8963987.
doi: 10.1155/2021/8963987

85. Yu Q, Li Y, Zhang N, Lu J, Gan X, Chen L, et al. Silencing of lncRNA NEAT1
alleviates acute myocardial infarction by suppressing miR-450-5p/ACSL4-mediated
ferroptosis. Exp Cell Res. (2024) 442:114217. doi: 10.1016/j.yexcr.2024.114217

86. Yang D, Zhang T, Qu H, Li S, Lu J, Cao W, et al. Inhibition of ubiquitin-specific
protease 7 ameliorates ferroptosis-mediated myocardial infarction by contrasting
oxidative stress: an in vitro and in vivo analysis. Cell Signal. (2024) 124:111423.
doi: 10.1016/j.cellsig.2024.111423

87. Ma X, Wang L, Li W, Huang Y, Zhu Y, Li J. Sp1 Mediates OGD/R-induced
cardiomyocyte injury via enhancing the transcription of USP46. Shock. (2024)
62:327–35. doi: 10.1097/SHK.0000000000002401

88. Fang X, Wang H, Han D, Xie E, Yang X, Wei J, et al. Ferroptosis as a target for
protection against cardiomyopathy. Proc Natl Acad Sci U S A. (2019) 116:2672–80.
doi: 10.1073/pnas.1821022116

89. Cao G, Yang C, Jin Z, Wei H, Xin C, Zheng C, et al. FNDC5/irisin Reduces
ferroptosis and improves mitochondrial dysfunction in hypoxic cardiomyocytes by
Nrf2/HO-1 axis. Cell Biol Int. (2022) 46:723–36. doi: 10.1002/cbin.11763

90. Fang M, Li T, Wu Z. WTAP-mediated M6A modification of KLF6 aggravates
hypoxia/reoxygenation-induced human cardiomyocyte injury. Shock. (2024)
62:201–7. doi: 10.1097/SHK.0000000000002373

91. Machado SE, Spangler D, Stacks DA, Darley-Usmar V, Benavides GA, Xie M,
et al. Counteraction of myocardial ferritin heavy chain deficiency by heme
oxygenase-1. Int J Mol Sci. (2022) 23:8300. doi: 10.3390/ijms23158300

92. Zhang W, Qiao W, Zuo L. A1 and A2b adenosine receptors regulate GPX4
against ferroptosis of cardiomyocytes in myocardial infarction rat model and in
vitro. Tissue and Cell. (2022) 77:101828. doi: 10.1016/j.tice.2022.101828

93. Zhao Y, Liang X, Li T, Shao Z, Cao Z, Zeng Y, et al. Apelin deficiency exacerbates
cardiac injury following infarction by accelerating cardiomyocyte ferroptosis. Free
Radic Res. (2024) 58:854–67. doi: 10.1080/10715762.2024.2443606

94. Baba Y, Higa JK, Shimada BK, Horiuchi KM, Suhara T, Kobayashi M, et al.
Protective effects of the mechanistic target of rapamycin against excess iron and
ferroptosis in cardiomyocytes. Am J Physiol Heart Circ Physiol. (2018) 314:
H659–68. doi: 10.1152/ajpheart.00452.2017

95. Marques-Ramos A, Cervantes R. Expression of mTOR in normal and
pathological conditions. Mol Cancer. (2023) 22:112. doi: 10.1186/s12943-023-01820-z

96. Qin X, Jiang B, Zhang Y. 4E-BP1, A multifactor regulated multifunctional
protein. Cell Cycle. (2016) 15:781–6. doi: 10.1080/15384101.2016.1151581

97. Ma S, Dong Z, Huang Y, Liu J-Y, Zhang J-T. eIF3a regulation of mTOR signaling
and translational control via HuR in cellular response to DNA damage. Oncogene.
(2022) 41:2431–43. doi: 10.1038/s41388-022-02262-5

98. Jiang Y, Qiao Y, He D, Tian A, Li Z. Adaptor protein HIP-55-mediated
signalosome protects against ferroptosis in myocardial infarction. Cell Death Differ.
(2023) 30:825–38. doi: 10.1038/s41418-022-01110-z

Lan et al. 10.3389/fcvm.2025.1592333

Frontiers in Cardiovascular Medicine 12 frontiersin.org

https://doi.org/10.1080/15548627.2023.2218764
https://doi.org/10.1016/j.cell.2016.04.034
https://doi.org/10.1073/pnas.1817299116
https://doi.org/10.1073/pnas.1817299116
https://doi.org/10.1038/nprot.2016.189
https://doi.org/10.1016/j.cell.2020.11.010
https://doi.org/10.1016/j.jmb.2020.10.035
https://doi.org/10.1093/nar/gkac342
https://doi.org/10.1161/CIRCULATIONAHA.120.053125
https://doi.org/10.1038/s41419-023-05645-y
https://doi.org/10.1038/s41392-024-01749-9
https://doi.org/10.1007/s10565-021-09660-7
https://doi.org/10.1007/s10565-021-09660-7
https://doi.org/10.1080/19490976.2021.1972756
https://doi.org/10.1080/19490976.2021.1972756
https://doi.org/10.1002/mnfr.202300617
https://doi.org/10.1038/nrd.2017.152
https://doi.org/10.1038/s41580-018-0081-3
https://doi.org/10.1038/s41580-018-0081-3
https://doi.org/10.1038/s41467-023-40843-4
https://doi.org/10.1126/sciadv.abg2517
https://doi.org/10.1093/nar/gky103
https://doi.org/10.1038/nature12730
https://doi.org/10.1038/nature12730
https://doi.org/10.1038/s41419-019-2061-8
https://doi.org/10.1038/s41419-019-2061-8
https://doi.org/10.1016/j.jacc.2021.09.019
https://doi.org/10.1016/j.ejphar.2021.174403
https://doi.org/10.3389/fphar.2022.879870
https://doi.org/10.3389/fphar.2022.879870
https://doi.org/10.1155/2023/1293200
https://doi.org/10.1016/j.intimp.2022.109257
https://doi.org/10.1016/j.intimp.2022.109257
https://doi.org/10.1016/j.freeradbiomed.2022.08.016
https://doi.org/10.1016/j.freeradbiomed.2022.08.016
https://doi.org/10.26599/1671-5411.2024.09.001
https://doi.org/10.26599/1671-5411.2024.09.001
https://doi.org/10.1016/j.jare.2024.10.037
https://doi.org/10.1016/j.jare.2024.10.037
https://doi.org/10.1016/j.ejphar.2023.175569
https://doi.org/10.1016/j.bbrc.2023.04.031
https://doi.org/10.4070/kcj.2022.0242
https://doi.org/10.1155/2021/8963987
https://doi.org/10.1016/j.yexcr.2024.114217
https://doi.org/10.1016/j.cellsig.2024.111423
https://doi.org/10.1097/SHK.0000000000002401
https://doi.org/10.1073/pnas.1821022116
https://doi.org/10.1002/cbin.11763
https://doi.org/10.1097/SHK.0000000000002373
https://doi.org/10.3390/ijms23158300
https://doi.org/10.1016/j.tice.2022.101828
https://doi.org/10.1080/10715762.2024.2443606
https://doi.org/10.1152/ajpheart.00452.2017
https://doi.org/10.1186/s12943-023-01820-z
https://doi.org/10.1080/15384101.2016.1151581
https://doi.org/10.1038/s41388-022-02262-5
https://doi.org/10.1038/s41418-022-01110-z
https://doi.org/10.3389/fcvm.2025.1592333
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


99. Nishizawa H, Matsumoto M, Shindo T, Saigusa D, Kato H, Suzuki K, et al.
Ferroptosis is controlled by the coordinated transcriptional regulation of glutathione
and labile iron metabolism by the transcription factor BACH1. J Biol Chem. (2020)
295:69–82. doi: 10.1074/jbc.RA119.009548

100. Bulluck H, Rosmini S, Abdel-Gadir A, White SK, Bhuva AN, Treibel TA,
et al. Residual myocardial iron following intramyocardial
hemorrhage during the convalescent phase of reperfused ST-segment–
elevation myocardial infarction and adverse left ventricular remodeling.
Circ Cardiovasc Imaging. (2016) 9:e004940. doi: 10.1161/CIRCIMAGING.116.
004940

101. Kagan VE, Mao G, Qu F, Angeli JPF, Doll S, Croix CS, et al. Oxidized
arachidonic and adrenic PEs navigate cells to ferroptosis. Nat Chem Biol. (2017)
13:81–90. doi: 10.1038/nchembio.2238

102. Liu Y, Ding W, Wang J, Ao X, Xue J. Non-coding RNA-mediated modulation
of ferroptosis in cardiovascular diseases. Biomed Pharmacother. (2023) 164:114993.
doi: 10.1016/j.biopha.2023.114993

103. Prieto-Garcia C, Matkovic V, Mosler T, Li C, Liang J, Oo JA, et al. Pathogenic
proteotoxicity of cryptic splicing is alleviated by ubiquitination and ER-phagy. Science.
(2024) 386:768–76. doi: 10.1126/science.adi5295

104. Miyamoto HD, Ikeda M, Ide T, Tadokoro T, Furusawa S, Abe K, et al. Iron
overload via heme degradation in the endoplasmic reticulum triggers ferroptosis in
myocardial ischemia-reperfusion injury. JACC Basic Transl Sci. (2022) 7:800–19.
doi: 10.1016/j.jacbts.2022.03.012

105. Man W, Song X, Xiong Z, Gu J, Lin J, Gu X, et al. Exosomes derived from
pericardial adipose tissues attenuate cardiac remodeling following myocardial
infarction by Adipsin-regulated iron homeostasis. Front Cardiovasc Med. (2022)
9:1003282. doi: 10.3389/fcvm.2022.1003282

106. Tong X, Zhao X, Dang X, Kou Y, Kou J. Predicting diagnostic gene biomarkers
associated with immune checkpoints, N6-methyladenosine, and ferroptosis in patients
with acute myocardial infarction. Front Cardiovasc Med. (2022) 9:836067. doi: 10.
3389/fcvm.2022.836067

107. Cui Z, Zhao X, Amevor FK, Du X, Wang Y, Li D, et al. Therapeutic application
of quercetin in aging-related diseases: sIRT1 as a potential mechanism. Front
Immunol. (2022) 13:943321. doi: 10.3389/fimmu.2022.943321

108. Dang TT, Kim M-J, Lee YY, Le HT, Kim KH, Nam S, et al. Phosphorylation of
EIF2S1 (eukaryotic translation initiation factor 2 subunit alpha) is indispensable for
nuclear translocation of TFEB and TFE3 during ER stress. Autophagy. (2023)
19:2111–42. doi: 10.1080/15548627.2023.2173900

Lan et al. 10.3389/fcvm.2025.1592333

Frontiers in Cardiovascular Medicine 13 frontiersin.org

https://doi.org/10.1074/jbc.RA119.009548
https://doi.org/10.1161/CIRCIMAGING.116.004940
https://doi.org/10.1161/CIRCIMAGING.116.004940
https://doi.org/10.1038/nchembio.2238
https://doi.org/10.1016/j.biopha.2023.114993
https://doi.org/10.1126/science.adi5295
https://doi.org/10.1016/j.jacbts.2022.03.012
https://doi.org/10.3389/fcvm.2022.1003282
https://doi.org/10.3389/fcvm.2022.836067
https://doi.org/10.3389/fcvm.2022.836067
https://doi.org/10.3389/fimmu.2022.943321
https://doi.org/10.1080/15548627.2023.2173900
https://doi.org/10.3389/fcvm.2025.1592333
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Ferroptosis and protein translation: emerging perspectives in the research of myocardial infraction
	Introduction
	Overview of ferroptosis
	System Xc− and GPX 4
	Intracellular iron metabolism
	Lipid peroxidation and Its induction mechanisms

	Protein translation in ferroptosis
	Overview of protein translation
	Mechanisms of protein translation in ferroptosis

	Critical role of ferroptosis in myocardial infarction
	System Xc− and GPX4 pathways
	Intracellular iron metabolism
	Lipid peroxidation

	Discussion
	Conclusions
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


