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Tumor suppressor p53 plays a key role in tumor suppression. In addition to tumor suppression, p53 is also involved

in many other biological and pathological processes, such as immune response, maternal reproduction, tissue

ischemia/reperfusion injuries and neurodegenerative diseases. While it has been widely accepted that the role of

p53 in regulation of cell cycle arrest, senescence and apoptosis contributes greatly to the function of p53 in tumor

suppression, emerging evidence has implicated that p53 also exerts its tumor suppressive function through

regulation of many other cellular processes, such as metabolism, anti-oxidant defense and ferroptosis. Ferroptosis

is a unique iron-dependent form of programmed cell death driven by lipid peroxidation in cells. Ferroptosis has

been reported to be involved in cancer, tissue ischemia/reperfusion injuries and neurodegenerative diseases.

Recent studies have shown that ferroptosis can be regulated by p53 and its signaling pathway as well as tumor-

associated mutant p53. Interestingly, the regulation of ferroptosis by p53 appears to be highly context-dependent.

tumor suppressor  p53  ferroptosis  metabolism  lipid peroxidation  cancer

disease

1. Introduction

Tumor suppressor p53 plays a key role in tumor suppression . p53 function is disrupted in many human

cancers through mutations of the p53 gene and other mechanisms, including amplification and/or overexpression

of p53 negative regulators (e.g., MDM2 and MDM4), which is a prerequisite for the initiation and/or progression of

many human cancers . The p53 gene is mutated in over half of all human cancers and almost in every

type of cancers . As a transcription factor, p53 mainly exerts its tumor suppressive function through

selective transcriptional regulation of many target genes to regulate various fundamental cellular responses,

including apoptosis, cell cycle arrest, senescence, DNA repair and metabolism . In addition to transcription

regulation, p53 also directly interacts with other proteins to regulate different cellular responses, such as apoptosis

and DNA repair . In human cancers, majority of p53 mutations are missense mutations, which leads to the

production of full-length mutant p53 (mutp53) proteins in cancer cells . Different from wild-type p53 proteins

in normal cells, mutp53 proteins frequently accumulate to very high levels in cancer cells. Notably, many missense

mutp53 proteins have been demonstrated to not only lose the tumor suppressive function of wild-type p53 but also

exert gain-of-function (GOF) activities to promote cancer progression independently of wild-type p53 .

Recent studies have revealed a novel function of p53 in regulation of ferroptosis, a unique iron-dependent form of

cell death driven by the accumulation of lipid-based reactive oxygen species (ROS) in cells .
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Ferroptosis is a specific form of cell death that was originally found to be induced by small molecules erastin and

RSL3 (RAS-selective lethal 3), which were identified in the synthetic lethal screening for small molecules targeting

cancer cells with overexpression of oncogenic RAS . Ferroptosis has been reported to be involved in different

physiological and pathological processes, including cancer, neurodegenerative diseases, tissue

ischemia/reperfusion injuries and immune response . Recent studies reported that the regulation of ferroptosis

by p53 contributes to the tumor suppressive function of p53 and furthermore, mutp53 protein accumulation in

cancer cells sensitizes cancer cells to ferroptosis .

2. The Regulation of Ferroptosis by p53 and its Signaling
Pathway

2.1. Wild-type p53 Induces Ferroptosis

p53 was first reported to sensitize cells to ferroptosis through transcriptionally repressing expression of SLC7A11

by Wei Gu’s group . SLC7A11 is a direct p53 target; p53 binds to the p53-responsive element in the promoter

region of SLC7A11 to repress its expression, leading to enhanced sensitivity of cancer cells to ferroptosis inducers,

such as erastin . Interestingly, p53 , an acetylation-defective p53 mutant containing mutations of three lysine

residues (K117R, K161R and K162R) in the DNA-binding domain of p53, fails to induce cell cycle arrest,

senescence and apoptosis but can effectively repress SLC7A11 expression and induce ferroptosis in response to

ROS-induced stress . Furthermore, p53-mediated ferroptosis contributes to embryonic development and the

lethality induced by MDM2 knockout in mice . SLC7A11 is frequently overexpressed in different types of human

cancers, including colorectal, liver and kidney cancers . Notably, ectopic expression of SLC7A11 inhibits

ferroptosis and abolishes the tumor suppressive function of p53  in xenograft tumor models . The same group

further showed that p53 , an acetylation-defective p53 mutant with an additional lysine 98 (K98) mutation in

p53 , fails to repress SLC711A expression or induce ferroptosis. Notably, p53 results in loss of tumor

suppressive function of p53; compared with p53  mice, the p53  mice are prone to tumor development .

These results provided one of the first lines of evidence that ferroptosis has tumor suppressive function and

furthermore, the induction of ferroptosis by p53 contributes to the function of p53 in tumor suppression (Figure 1).

Recently, monoubiquitination of histone H2B on lysine 120 (H2Bub1), an epigenetic mark for transcriptional

activation, was reported to be involved in the regulation of SLC7A11 and ferroptosis . H2Bub1 promotes

SLC7A11 expression, whereas loss of H2Bub1 reduces SLC7A11 expression and leads to ferroptosis.

Interestingly, p53 acts as a negative regulator of H2Bub1 by interacting with and promoting the nuclear

translocation of USP7, a deubiquitinase that removes H2Bub1 from the regulatory region of the SLC7A11 gene,

leading to decreased SLC7A11 expression. This p53-USP7-H2Bub1-SLC7A11 axis sensitizes cells to erastin-

induced ferroptosis .

The low-molecular-weight polyamines, including putrescine, spermidine and spermine, are amino acid-derived

polycationic alkylamines essential for cellular growth, proliferation and survival . Their levels are tightly regulated

by enzymes involved in polyamine metabolism, which is frequently dysregulated in different types of cancers, such

as breast, lung and colorectal cancers . SAT1 (Spermidine/spermine N1-acetyltransferase 1) is a rate-limiting
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enzyme that controls polyamine catabolism in cells . Many stress signals, such as oxidative stress, inflammation

and heat shock, activate SAT1 in cells. It has been reported that overexpression of SAT1 leads to the depletion of

spermidine and spermine but the increased levels of putrescine, which induces mitochondrial apoptosis and

inhibits cell proliferation . Recently, SAT1 was shown to be a direct p53 target that can be induced by Nutlin-3

(a small molecule MDM2 inhibitor that activates p53 through disrupting the MDM2-p53 interaction) or the DNA-

damaging agent doxorubicin in a p53-dependent manner in cells . ROS-induced cell death in cells with SAT1

overexpression can be inhibited only by ferroptosis inhibitor ferrostatin-1 but not by inhibitors for other types of cell

death, such as apoptosis inhibitor Z-VAD-FMK, necroptosis inhibitor necrostatin-1 or autophagy inhibitor 3-

methyladenine . SAT1 depletion inhibits p53-regulated ferroptosis in mouse embryonic fibroblasts (MEFs) from

both wild-type p53 and p53  mice . Interestingly, SAT1 does not affect the levels and activities of SLC7A11

and GPX4. In contrast, the levels of ALOX15 (arachidonate 15-lipoxygenase), a member of the lipoxygenase family

that oxygenates PUFAs and is responsible for oxidative stress-induced ferroptosis, are elevated upon SAT1

induction. Furthermore, ferroptosis induced by SAT1 and ROS can be effectively blocked by PD146176, an

ALOX15-specific inhibitor, indicating that ALOX15 is a mediator of the p53-induced SAT1 expression and

ferroptosis . Additionally, ALOX12 (arachidonate 12-lipooxygenase), another member of the lipoxygenase family,

was also identified as an important positive regulator for p53-mediated ferroptosis but not for GPX4 and ACSL4-

mediated ferroptosis . ALOX12 inactivation abrogates p53-mediated ferroptosis induced by ROS stress and

abolishes the tumor suppressive function of p53 in xenograft tumor models. ALOX12 deficiency promotes

tumorigenesis in Eμ-Myc lymphoma mouse models. Furthermore, tumor-associated ALOX12 missense mutations

lose their lipoxygenase activity and ability to induce ferroptosis . These results suggest that ALOX12 suppresses

tumorigenesis through inducing ferroptosis, which contributes to the function of p53 in tumor suppression (Figure

1).

Ferroptosis is also modulated by glutamine metabolism. Upon the deprivation of amino acids, glutamine induces

ferroptosis in a serum-dependent manner. In glutamine catabolism, glutamine is firstly converted into glutamate by

glutaminases (GLS1 and GLS2) and then further converted into α-ketoglutarate, an important substrate for the

citric acid cycle (also named TCA cycle) in mitochondria . GSL2, the liver-type glutaminase in mitochondria, has

been identified as a direct transcriptional target of p53; p53 binds to the p53-responsive elements in the GLS2

gene to induce GLS2 transcription . The induction of GLS2 mediates the p53 function in oxygen consumption

and ATP generation in cells. Moreover, GLS2 promotes cellular antioxidant function by increasing GSH and NADH

production in cells . GLS2 displays a tumor suppressive function in liver and brain tumors, where GLS2

expression is frequently decreased . Interestingly, GLS2 was reported to play a critical role in

regulating ferroptosis; knockdown of GLS2 inhibits the serum-dependent ferroptosis induced by deprivation of

amino acids. In contrast, GLS1, a kidney-type glutaminase and a homology of GLS2, is not required for ferroptosis.

Further studies are necessary to understand whether GLS2 mediates p53-induced ferroptosis and why GLS2 but

not GLS1 is required for ferroptosis given they both regulate glutaminolysis in cells.

Cyclooxygenase-2 encoded by the PTGS2 gene is an enzyme that acts both as a peroxidase and a dioxygenase

. Cyclooxygenases catalyze lipid oxidation . Studies have shown that PTGS2 expression levels are

increased during the ferroptosis induced by RSL3, erastin or GPX4-deficiency in mice . Interestingly, PTGS2
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expression was reported to be upregulated by ferroptosis in a p53-dependent manner, which was only observed in

p53 Mdm2  embryos but not in p53 Mdm2  embryos. Currently, it is still unclear how p53 regulates

PTGS2. Nevertheless, these results suggest that p53 promotes ferroptosis induced by RSL3 and erastin through

upregulation of PTGS2 expression.

As mentioned above, iron metabolism is important for ferroptosis. It was reported that p53 regulates iron

metabolism through ferredoxin reductase (FDXR), an enzyme that transfers electron from NADPH (nicotinamide

adenine dinucleotide phosphate) to cytochrome P450 via ferredoxin in mitochondria . FDXR is a p53 target gene

and p53 induces transcriptional expression of FDXR . At the same time, FDXR promotes p53 mRNA translation

to increase p53 protein levels through iron regulatory protein 2 in cells . This FDXR-p53 loop has been shown to

be critical for tumor suppression through maintaining mitochondrial iron homeostasis; mice heterozygous in FDXR

are prone to develop spontaneous tumors and display a short life span compared with wild-type mice .

Interestingly, RSL3- and erastin-induced ferroptosis can be suppressed by both FDXR deficiency and FDXR

overexpression . Although the underlying mechanism of this observation is unclear, this result suggests an

additional potential mechanism of p53 in regulating ferroptosis through modulation of FDXR levels and iron

metabolism in cells . Further studies will help to reveal how FDXR and iron metabolism modulate p53-

dependent ferroptosis (Figure 1).

In addition, recent studies have also reported that p53 induces ferroptosis through regulating noncoding RNAs. p53

has been reported to regulate expression of many noncoding RNAs, including microRNAs (miRNAs) and long

noncoding RNAs (LncRNAs) and meanwhile, p53 is also regulated by many noncoding RNAs . It was

reported that p53 binds to the promoter region of RNA-binding protein ELAVL1 (ELAV-like RNA-binding protein 1)

to repress the expression of ELAVL1, which binds to and stabilizes LncRNA LINC00336 in lung cancer cells .

LINC00336 inhibits ferroptosis by acting as an endogenous sponge of miRNA miR-6852, leading to the enhanced

expression of cystathionine-β-synthase (CBS), which is involved in ferroptosis as a marker of transsulfuration

pathway activity. Thus, p53 destabilizes LINC00336 and releases miR-6852, which in turn decreases the levels of

CBS to promote ferroptosis . Recently, LncRNA PVT1 was reported to induce ferroptosis through inhibition of

miR-214-mediated downregulation of transferrin receptor 1 . PVT1 can be induced by p53 and mediate the

tumor suppressive function of p53 . Therefore, it is possible that PVT1 mediates the function of p53 in promoting

ferroptosis, contributing to the tumor suppressive function of p53. Since miR-214 can also repress p53, p53 may

form a positive feedback loop with PVT1 to induce ferroptosis . It was reported that the levels of PVT1 are

upregulated and miR-214 levels are downregulated in the plasma from acute ischemic stroke patients , which

suggests that p53-induced ferroptosis may contribute to ischemic stroke-induced tissue injuries in addition to tumor

suppression (Figure 1).

2.2. Wild-type p53 Inhibits Ferroptosis

While many studies using different cultured cell systems and mouse models have shown the promoting effect of

p53 on ferroptosis as summarized above, interestingly, some studies also reported that p53 can inhibit ferroptosis.

p21 (also known as CDKN1A) was reported to mediate p53 function to delay cystine deprivation-induced
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ferroptosis in human fibrosarcoma HT-1080 cells . p21 is a well-known p53 target gene that mediates the

function of p53 in inducing cell cycle arrest and senescence in response to stress signals . In HT-1080 cells,

elevating p53 protein levels by treating cells with the MDM2 inhibitor nutlin-3 attenuates ferroptosis induced by

erastin and knockout of p53 by CRISPR/Cas9 technology sensitizes cells to ferroptosis, suggesting a pro-survival

role of p53 in ferroptosis . Mechanistically, p53 induces p21 to increase the production of GSH, leading to the

reduced accumulation of toxic lipid-ROS to inhibit ferroptosis (Figure 3). p21 exerts its functions in cell cycle arrest

through binding to cyclin-dependent kinases (CDKs), including the CDK4/6 complex, and inhibiting their activities

. CDK4/6 inhibitors cannot block erastin-induced ferroptosis, which suggests that the inhibition of ferroptosis by

p21 is independent of p21-mediated cell cycle arrest . However, in non-cancerous human fetal lung IMR-90

fibroblast cells that express wild-type p53, nutlin-3 treatment increases p53 levels but does not affect the onset of

erastin-induced ferroptosis, suggesting that the role of p53 in protection against ferroptosis is not universal .

Interestingly, a recent study reported that mutating the CDK binding region of p21 greatly abolishes the inhibitory

effect of p21 on ferroptosis, while the PCNA binding-defective mutation of p21 only partially impairs the inhibitory

effect of p21 on ferroptosis, which suggests that p21 alters sensitivity to ferroptosis by affecting CDK-mediated

functions . Further studies are needed to reveal the mechanism by which p21 regulates ferroptosis.

Recently, p53 was also reported to inhibit ferroptosis in colorectal cancer HCT116 and SW48 cells through binding

to DPP4 protein (dipeptidyl peptidase-4; also known as T-cell activation antigen CD26), a multiple functional

protease that plays an important role in mediating cell death . The binding of p53 to DDP4 protein regulates the

subcellular localization of DPP4 but not the protein levels of DPP4 . In the absence of p53, DPP4 is localized on

the plasma membrane, where it forms a complex with NADPH oxidase 1 (NOX1), a member of superoxide-

generating NADPH oxidase protein family, to increase lipid peroxidation and ferroptosis. The binding of p53 to

DPP4 sequesters DPP4 in a nuclear enzymatic inactive pool, leading to the NOX1 dissociation and decreased lipid

peroxidation and ferroptosis  (Figure 1). Interestingly, depletion or inhibition of p53 only enhances ferroptosis

induced by system x  inhibitors (e.g., erastin and sulfasalazine) but not ferroptosis induced by GPX4 inhibitors

(e.g., RSL3 or FIN56) , suggesting that p53 regulates ferroptosis in a ferroptosis inducer-specific manner.

Further, DPP4 inhibitors can block erastin-induced ferroptosis in p53-deficient colorectal cancer cells .

Interestingly, it was reported that while the expression of DPP4 is low in the normal adult colon, DPP4 is highly

expressed in some colon cancers and cancer cell lines . These findings suggest that the function of p53 in

inhibiting ferroptosis might be specific for colorectal cancer cells with high DPP4 expression.

Mitochondria have been reported to be involved in different programmed cell death processes, including apoptosis

and mitophagy . Recently, it was reported that mitochondria are also involved in ferroptosis .

Overexpression of Parkin, a protein involved in Parkinson’s disease and mitophagy, was shown to induce the

mitophagy and inhibit cysteine deprivation-induced ferroptosis but not GPX4 inhibition-induced ferroptosis in

human fibrosarcoma HT-1080 cells . Mechanistically, cysteine deprivation results in the hyperpolarization of

mitochondrial membrane potential and production of lipid peroxide, leading to ferroptosis. Blockage of

mitochondrial electron transfer chain, TCA cycle or glutaminolysis attenuates mitochondrial membrane potential

hyperpolarization, lipid peroxide accumulation and ferroptosis . Interestingly, Parkin is a direct target gene of

p53; p53 transcriptionally induce Parkin expression . As a p53 target, Parkin mediates the function of p53 in
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regulating mitochondria respiration, oxygen consumption and anti-oxidant defense . As a tumor suppressor,

Parkin has been shown to be involved in metabolic regulation, including suppression of glycolysis and serine

synthesis, contributing to the role of p53 in tumor suppression . Currently, it remains unclear whether

p53 is involved in cysteine deprivation-induced ferroptosis though regulation of Parkin expression. Taken together,

p53 appears to regulate ferroptosis in a highly context-dependent manner, which leads to either positive or

negative regulation of ferroptosis (Figure 1).

Figure 1. p53 regulates ferroptosis in a context-dependent manner. p53 promotes ferroptosis through its regulation

of SLC7A11, GLS2, SAT1/ALOX15, ALOX12, PTGS2, FDXR, as well as the noncoding RNAs, such as

LINC00336/miR-6852 and PVT1/miR-214.   Meanwhile, p53 also inhibits ferroptosis through its regulation of p21,

DPP4 and Parkin. The regulation of ferroptosis by p53 appears to be highly cell/tissue-type and stress signal

specific.

2.3. Ferroptosis Regulated by Mutp53, p53 Variants and p53 Family Proteins

In addition to wild-type p53, missense mutp53 has also been reported to be involved in the regulation of

ferroptosis. It has been known that NRF2 induces the expression of SLC7A11 to protect cancer cells from

ferroptosis , whereas wild-type p53 transcriptionally represses SLC7A11 expression to induce ferroptosis.

Interestingly, mutp53 was reported to bind to NRF2 and inhibit its transcription activity, reducing the expression of

SLC7A11. Tumors with missense mutp53 display decreased levels of SLC7A11 and increased sensitivity to

ferroptosis. Further, ectopic SLC7A11 expression in tumors with mutp53 expression promotes resistance of tumors

to ferroptosis-inducing drugs (e.g., sulfasalazine), which suggests that mutp53 sensitizes the cancer cells to

ferroptosis through repression of SLC7A11 expression. Similar effects of mutp53 were also observed in human

colorectal cancer cells; cells expressing mutp53 are more sensitive to erastin-induced ferroptosis than cells

expressing wild-type p53 and ectopic expression of R175H mutp53, a GOF mutp53 hotspot mutation, restores the

sensitivity to erastin in both HCT116 and SW48 cells. Given that GOF mutp53 often accumulates to very high

levels in cancer cells and renders cancer cells resistant to chemotherapy and radiation therapy as a GOF activity,
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these findings suggest that some cancers expressing GOF mutp53 may be more sensitive to ferroptosis inducers,

which can be a potential therapeutic strategy for these cancers. It has been reported that different mutp53 can

differ in the magnitudes of their GOF activities and display GOF activities in a cell- or tissue-specific manner

[6,123,124]. Therefore, it will be crucial to investigate whether sensitizing cancer cells to ferroptosis inducers is a

general phenomenon for different GOF mutp53 in different types of cancers.

Some common single nucleotide polymorphisms (SNPs) in the p53 gene have been known to affect the p53

transcriptional activity and functions in tumor suppression, metabolism, maternal reproduction and aging 

. The Pro47Ser variant (hereafter S47) is the second most common SNP in the p53 coding region (after

Pro72Arg). In a humanized p53 knock-in mouse model of S47 variant, mice expressing homozygous or

heterozygous S47 p53 variant are more susceptible to spontaneous cancers of diverse histological types

(particularly liver cancer) compared with wild-type mice . Similar to p53-/- MEFs, MEFs with S47 p53 variant

display a high GSH/GSSG ratio and low-molecular-weight thiols coenzyme A level and are less sensitive to

ferroptosis compared with wild-type MEFs . The S47 p53 variant shows an impaired ability to transcriptionally

induce a subset of p53 target genes, including two well-known genes involved in metabolism, GLS2 and SCO2,

suggesting that the defect in metabolic regulation may contribute to the reduced ferroptosis and the tumor-prone

phenotype observed in S47 mice . Notably, further studies showed that the ferroptotic defect in S47 p53 variant

results in iron accumulation in macrophages, which alters macrophage cytokine profiles and leads to the higher

level and activity of arginase and decreased activity of nitric oxide synthase . S47 macrophages have decreased

liver X receptor (LXR) activation, inflammation and antibacterial defense. S47 mice display more productive

intracellular bacterial infections but are protective against malarial toxin hemozoin. Furthermore, iron chelators and

LXR agonists can improve the response of S47 mice to bacterial infection . These results suggest that p53-

mediated ferroptosis plays an important role in regulation of iron accumulation to modulate macrophage functions

and host immune responses .

p63 and p73 are two p53 family members, which are homologous to p53 and function as transcription factors like

p53 . Both p63 and p73 can be transcribed from different promotors resulting in the expression of isoforms

with different N-terminal domains, including transcription activation domain (TA) and ΔN (amino-truncated)

isoforms. Studies have suggested that the TA isoforms can function as tumor suppressors and induce the

expression of canonical p53 target genes, whereas the ΔN isoforms can function as oncogenes and antagonize

p53, TAp63 and TAp73 by inhibiting their transcriptional activities . Interestingly, ΔNp63α was reported to

inhibit both erastin- and RSL3-induced ferroptosis independently of p53 . ΔNp63α transcriptionally regulates

GSH biogenesis, utilization and regeneration, leading to the reduction of lipid peroxidation. Furthermore, ΔNp63α

upregulates SLC7A11 expression but is unable to inhibit p53-mediated transcriptional repression of SLC7A11. As a

result, ΔNp63α induces the expression of SLC7A11 in p53-/- MEFs but not in wild-type MEFs where p53 represses

the expression of SLC7A11 . Nevertheless, ΔNp63α protects both wild-type and p53-/- MEFs from ferroptosis

induced by erastin and RSL3, indicating that the regulation of GSH homeostasis by ΔNp63α is sufficient to inhibit

ferroptosis . Currently, it remains unclear whether p73 is also involved in the regulation of ferroptosis.

2.4. Ferroptosis Regulated by MDM2 and MDM4 Independently of p53
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Although MDM2 and MDM4 are critical negative regulators of p53, many studies have shown that MDM2 and

MDM4 also exert oncogenic effects independently of their activities to inhibit p53 function. Interestingly, a recent

study reported that MDM2 and MDM4 also display a p53-independent function to promote ferroptosis . Both

inhibitors of MDM2 (MEL23) and MDM4 (NCS207895) protect cells from ferroptosis induced by erastin and RSL3

through enhancing the levels of ferroptosis suppressor protein 1 (FSP1), an enzyme that reduces coenzyme Q10,

an endogenous lipophilic antioxidant, to ubiquinol, which in turn enhances the levels of coenzyme Q10 . Further,

the MDM2-MDM4 complex reprograms lipid metabolism by altering the activity of PPARα, leading to enhanced lipid

peroxidation and ferroptosis independently of p53 . These results suggest that cancers with MDM2/MDM4

amplification and/or overexpression might be more sensitive to ferroptosis inducers, which can be tested as a

potential therapeutic strategy for these cancers.

2.5. p53 Regulation in Response to Ferroptosis Stimuli and Inhibition

As a stress sensor, p53 responds to many different types of stress signals and initiate its transcription program to

regulate different stress responses . While many studies have shown that p53 is involved in the regulation of

ferroptosis in a highly context-dependent manner, an interesting question raised is how p53 responds to different

ferroptosis inducers and inhibitors to regulate ferroptosis. Some studies have shown that p53 can be activated by

ferroptosis inducers or inhibitors. For example, it was reported that erastin can induce p53 protein levels and

increase p53 transcriptional activity towards its target genes, including p21 and Bax, in human lung cancer A549

cells [134]. Treating cells with ROS scavenger N-acetyl-1-cysteine (NAC) abolishes the effect of erastin on p53

levels, which suggests that enhancing the ROS levels is a mechanism contributing to p53 activation by erastin .

Compound D13, a derivative of the triterpene saponin natural compound Albiziabioside A, was reported to induce

ferroptosis through suppressing GPX4 expression in human HCT116 colorectal cancer cells . D13 displays an

anti-tumor effect in xenograft tumors formed by HCT116 cells. Furthermore, D13 activates p53 and displays a p53-

dependent effect on ferroptosis . Interestingly, iron chelators, including desferrioxamine, have been reported to

activate p53 . HIF-1α may play an important role in mediating the induction of p53 by iron chelating agents.

It has been reported that iron deprivation caused by iron chelating agents results in the activation of HIF1α 

and HIF-1α stabilizes p53 through inhibiting the ubiquitination and nuclear export of p53 . A recent study

reported that the iron polyporphyrin heme inhibits p53 function by binding to p53 and leading to nuclear export and

degradation of p53 . Therefore, iron deprivation induced by desferrioxamine activates p53 and suppresses

growth of HCT116 xenograft tumors in a p53-dependent manner. However, it is unclear how ferroptosis contributes

to this the tumor suppressive effect of desferrioxamine and how p53 activation by desferrioxamine contributes to

ferroptosis in this study . Ferroptosis inhibitors, including ferrostatins, liproxstatins and iron chelators, have been

reported to display protective effects on ischemic injuries and neurodegenerative diseases . The iron chelator

deferiprone was reported to display a beneficial effect on Parkinson’s disease patients . Interestingly, p53 has been

reported to be involved in ischemic injuries and neurodegenerative diseases . Currently, it remains largely unknown

how p53 responds to these ferroptosis inhibitors and how p53 is involved in ferroptosis in these conditions and

models. Given the critical roles of p53 and ferroptosis in the development and therapy of human diseases,

including cancer, ischemic injuries and neurodegenerative diseases, future studies are needed to further elucidate
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how p53 responds to different ferroptosis inducers and inhibitors to regulate ferroptosis in a cell-, tissue-type and

disease-specific manner.
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