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Abstract: Ferroptosis, an emerging type of regulated cell death, continues to attract significant focus over recent years, especially 
within the areas of cancer therapy and acute kidney injury (AKI) research. In therapies that use platinum-based drugs, particularly 
cisplatin (Cisplatin), ferroptosis exhibits complex, dual role. In a certain context, ferroptosis enhances clinical effects in platinum- 
based chemotherapy through promoting tumor cell death, while in a different context, it induces excessive damage to kidney cells, 
potentially leading to onset as well as worsening of AKI. Consequently, gaining a more comprehensive grasp regarding ferroptosis in 
this context of platinum-based chemotherapy treatment proves essential, as it could improve the efficacy of cancer therapies while also 
reducing kidney damage. This knowledge forms the theoretical foundation for developing novel treatment strategies, which can enable 
precision therapies, reduce side effects, as well as eventually enhance well-being in individuals. This narrative review systematically 
outlines the role and mechanisms of ferroptosis in the anticancer effects of cisplatin and cisplatin-induced acute kidney injury, and 
discusses targeting ferroptosis as an important strategy for balancing cancer therapy and preventing kidney damage. 
Keywords: ferroptosis, cancer therapeutics, AKI, drug side effects, cisplatin, tumor resistance

Introduction
Ferroptosis represents one type among regulated cellular destruction triggered by iron-induced lipid peroxidation.1 In 
acute kidney injury, both regulated cell death (such as ferroptosis and apoptosis) and non-regulated cell death (such as 
necrosis) can coexist. However, because regulated cell death can be precisely regulated through molecular mechanisms 
and serves as a signal for recovery and repair, while non-regulated cell death typically indicates irreversible cellular 
damage, regulated cell death, especially ferroptosis, has become a research hotspot. Unlike other well-known forms of 
cell death, including programmed tissue elimination as well as uncontrolled biological destruction, ferroptosis differs in 
its distinction due to a buildup with metallic ions inside the cell and the generation resulting from oxidized fats.2 

Specifically, excessive Fe2+ within the cell can react with hydrogen peroxide (H2O2) through the Fenton reaction (Fe2+ 

+H2O2→Fe3++OH−+OH·), generating free radicals that further induce lipid peroxidation, damage the cell membrane, 
and ultimately lead to ferroptosis.3 The process of ferroptosis is driven by critical mechanisms, including the excessive 
buildup of intracellular iron, the dysfunction of the antioxidant system (particularly through the inhibition of glutathione 
peroxidase 4, GPX4), and the amplification of lipid peroxidation.4 While ferroptosis’ involvement across both normal as 
well as disease-related conditions remains under investigation, it has already demonstrated significant biological 
relevance, especially in cancer and acute organ injury.5–7

Cisplatin, a platinum-containing chemotherapy drug, remains extensively utilized within clinical practice to treat 
various neoplastic growths, for example, lung, ovarian, and head and neck carcinomas.8–12 The classical DNA damage 
mechanism of cisplatin primarily involves the formation of adducts with purine bases in DNA, particularly guanine, 
leading to DNA crosslinking and inhibiting DNA replication and transcription. This triggers a DNA damage response, 
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ultimately resulting in cell apoptosis or arrest.13 However, the use of cisplatin is linked to significant complications, with 
AKI being particularly prevalent. A retrospective study found that thirty percent among individuals receiving platinum- 
based treatment develop AKI, with those surviving five or more years experiencing lasting reductions to kidney function 
rate.14 Cisplatin’s accumulation in the kidneys triggers a series of damaging mechanisms, including oxidative stress and 
inflammation, which contribute to death in kidney proximal tissues along with onset in AKI.15,16

Recent investigations emphasize a crucial contribution from ferroptosis toward enhancing cisplatin’s anticancer 
effects,17 while also exacerbating its side effects, particularly AKI, through the induction of ferroptosis.18 Cisplatin 
initiates iron-dependent lipid oxidation within renal as well as cancer tissues, driving onset ferroptosis.19 Such 
a mechanism entails a buildup within intracellular iron along with disruption of the antioxidant system, which intensifies 
cellular damage. As a result, while cisplatin enhances its anticancer efficacy by promoting ferroptosis, it also potentially 
worsens kidney damage, thereby increasing the risk of AKI.

Basic Processes Involved in Ferroptosis
Ferroptosis was first recognized by Dolma S in 2003 after tumor cells were treated with the chemical agent Erastin, which 
led to a form of cell death distinct from apoptosis, though it had not yet been named at that time.20 In 2012, S. Dixon et al 
formally introduced the concept of ferroptosis, defining it as a form of regulated cell death regulated through genetic 
inhibition or pharmacological chelation of iron via cellular iron uptake, distinguishing this process from alternative types of 
cell death, such as apoptosis, pyroptosis, as well as necroptosis. Over time, this concept was refined, with ferroptosis 
ultimately being defined like a type of regulated cell death resulting from mechanisms that rely on metal ions, wherein fatty 
acid oxidation damages a cellular structure, leading to demise within an organism. Such a phenomenon differs compared to 
traditional types in cell death such as apoptosis and necrosis.1,21–23 Initially, ferroptosis was thought to be primarily 
associated with cancer therapy, as studies demonstrated that inhibition of the intracellular antioxidant system could result in 
iron buildup along with fatty acid oxidation, effectively inducing tumor cell death.24–26 As research on the mechanisms of 
ferroptosis advanced, it became clear that it is vital to tumor tissues, as well as strongly associated with progression in 
several conditions, such as cardiovascular disorders, degenerative brain conditions (like Alzheimer’s or Parkinson’s 
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disorders), along with drug-induced damage, like cisplatin-induced renal injury.27–32 Throughout this period, regulatory 
mechanisms of ferroptosis—such as iron transport, the antioxidant system (particularly GPX4), and their interaction with 
lipid peroxidation—have been increasingly elucidated, with efforts to explore targeting these mechanisms for therapeutic 
intervention. Research on ferroptosis continues to evolve, offering fresh perspectives regarding variety in cell death while 
offering potential avenues for innovative clinical therapies (Figure 1).

Ferroptosis first emerged within the realm of basic medical sciences, accompanied by discussions on its primary 
regulatory mechanisms. However, subsequent clinical investigations have mainly concentrated on understanding how 
various proteins or drugs influence the ferroptosis process in disease states by targeting essential mechanisms, such as 
iron transport, fat oxidative damage, and the antioxidant system. To better understand ferroptosis’ involvement in disease, 
the mechanisms governing ferroptosis will be detailed in the following section.

Figure 1 This diagram illustrates the interplay between iron homeostasis, lipid metabolism, and their roles in cellular oxidative stress and ferroptosis. Iron is transported across 
membranes via SLC40A1 and TFRC, stored in ferritin, and can be released into the labile iron pool through NCOA4-mediated ferrophagy. Lipids and fatty acids undergo 
processes such as lipophagy, conversion to PUFA (polyunsaturated fatty acids), and enzymatic activity of LPCAT3 and ACSL4 to generate PL-PUFA (phospholipid- 
polyunsaturated fatty acids). In ferroptosis, GPX4 plays a central role in reducing lipid peroxides and protecting cells from oxidative damage, with AJFM2 involved in regulating 
lipid peroxidation. The Xc-system transports cysteine and glutamate, supporting the synthesis of glutathione (GSH), a critical antioxidant for cellular protection. CoQ10 
(Coenzyme Q10) modulates ROS levels in mitochondria and supports energy metabolism. The TCA cycle (Tricarboxylic acid cycle) and ETC (electron transport chain) 
generate energy while contributing to ROS production. Enzymes such as GPX4, GCH1, and the reduction of GSSG (oxidized glutathione) maintain redox balance, preventing 
cellular damage from oxidative stress. 
Abbreviations: SLC40A1, Solute Carrier Family 40 Member 1; TFRC, Transferrin Receptor; NCOA4, Nuclear Receptor Coactivator 4; LPCAT3, Lysophosphatidylcholine 
Acyltransferase 3; ACSL4, Acyl-CoA Synthetase Long-Chain Family Member 4; PL-PUFA, Phospholipid-Polyunsaturated Fatty Acids; GPX4, Glutathione Peroxidase 4; 
AJFM2, Atypical Protein Family Member 2; Xc-system, Cystine/Glutamate Antiporter; GSH, Glutathione; CoQ10, Coenzyme Q10; TCA, Tricarboxylic Acid; ETC, Electron 
Transport Chain; GSSG, Oxidized Glutathione; GCH1, GTP Cyclohydrolase 1.
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Iron Transport
Iron accumulation is a defining feature of ferroptosis, with the Fenton reaction playing a central role in driving ferroptosis due 
to the buildup of iron.33 As a catalyst in the Fenton reaction, iron interacts with peroxides to produce free radicals, such as 
reactive hydroxide species, that initiate lipid peroxidation, ultimately leading to impairment of cell membrane. Consequently, 
a number of key molecules that regulate iron transport, storage, metabolism, and other related processes also have an impact 
on ferroptosis. For example, transferrin receptor 1 (TfR1) facilitates iron uptake by cells, and modulating TfR1 can influence 
ferroptosis in those cells.34–37 Iron serves as an essential component in numerous essential physiological functions, contribut
ing significantly to enzyme activity, such as arachidonic acid 5-lipoxygenase (ALOX), which are involved in redox reactions 
and lipid peroxidation.38 When iron metabolism becomes unbalanced, ferritinophagy, a vital mechanism in controlling iron 
concentrations, gets triggered. By the action of nuclear receptor coactivator 4 (NCOA4), ferritin degradation promotes 
breakdown associated with iron storage proteins.39 Ferroportin 1 (FPN1) promotes iron export, while Hepcidin can inhibit 
FPN1, leading to iron accumulation and subsequently triggering ferroptosis.

Antioxidant Enzyme System
Lipid oxidation serves as a key hallmark in ferroptosis, and antioxidant system involved are essential for preventing 
ferroptosis initiation. GPX4 serves as a central component in an antioxidant system and functions as a key indicator for 
assessing damage associated with ferroptosis. As a result, the antioxidant system can be divided into two types: the 
GPX4-dependent as well as the non-GPX4-dependent pathways. In the GPX4-dependent pathway, selenium along with 
glutathione (GSH) contribute to regulating GPX4 synthesis as well as its function.40–43 GPX4 converts harmful fatty acid 
hydroperoxides into their respective hydroxyl compounds, with GSH undergoing a redox reaction in this process. Within 
the cell, GSH acts as a protective molecule, with synthesis primarily reliant upon cysteine absorption, along with its 
transformation into homocysteine, a process facilitated via peptide uptake mechanisms (SLC7A11). The SLC7A11/ 
GPX4 axis plays an essential role in the GPX4-dependent antioxidant system.44 In the GPX4-independent antioxidant 
system, its primary function is carried out through the reduction of coenzyme Q10 (CoQ). Within the mitochondrial inner 
membrane, dihydroorotate dehydrogenase (DHODH) transforms CoQ into its reduced form, CoQH2. The increased 
activity of DHODH enhances CoQH2 synthesis, which efficiently neutralizes fat oxidative damage while reducing 
ferroptosis within the mitochondria.45 Additionally, the FSP1-CoQ10 axis is also an important component of the GPX4- 
independent antioxidant system. FSP1 enhances its antioxidant activity by catalyzing the reduction of CoQ10, thereby 
protecting cells from ferroptosis-induced damage. The FSP1-CoQ10 axis and the DHODH-CoQH2 axis work together, 
providing two independent antioxidant pathways that regulate the occurrence of ferroptosis.

Lipid Peroxidation
Lipid peroxidation represents a key feature in ferroptosis. Unsaturated fatty acids are crucial in driving free radical- 
induced lipid peroxidation across cellular membranes, while their by-products accumulate during ferroptosis. While 
various membrane lipids can be oxidized, peroxidation of Polyunsaturated Fatty Acids (PUFAs) is particularly crucial in 
the development of ferroptosis. Enzymes like Acyl-CoA Synthetase Long-Chain Family Member 4 (ACSL4) as well as 
Lysophosphatidylcholine Acyltransferase 3 (LPCAT3) are involved in embedding PUFAs within cellular structures. 
Specifically, ACSL4 catalyzes CoA attachment to arachidonic acid (AA), forming CoA-AA intermediates, which are 
subsequently esterified by LPCAT3 to produce phosphatidylethanolamine, culminating in production arachidonic acid- 
phosphatidylethanolamine (PE-AA). Both forms of PE-AA undergo oxidation—enzymatically (via lipoxygenase, such as 
ALOX12 or ALOX15) and non-enzymatically (via auto-oxidation to PE-AA-OOH)—which ultimately contributes to cell 
death. In this process, ALOX family members (such as ALOX12, ALOX15, etc.) catalyze the oxidation of PE-AA, 
generating lipid peroxides (such as PE-AA-OOH), which damage the cell membrane, leading to membrane disruption 
and cell death. Particularly, ALOX12 and ALOX15 promote the accumulation of lipid peroxidation by oxidizing PE-AA, 
playing a key role in the mechanism of ferroptosis. The enhanced activity of ALOX enzymes promotes lipid peroxida
tion, further driving the occurrence of ferroptosis. Therefore, LPCAT3, ACSL4, and ALOX family members are 
important molecules in regulating lipid peroxidation and ferroptosis.46–49
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The interactions between these three pathways collectively regulate the occurrence of ferroptosis. The iron metabo
lism pathway influences the extent of lipid peroxidation by regulating the intracellular iron concentration, while the 
antioxidant system prevents the accumulation of lipid peroxides by clearing excess oxidative molecules, thus inhibiting 
the occurrence of ferroptosis. The intricate regulation among these pathways highlights the complexity of ferroptosis and 
provides new therapeutic targets for related diseases.

Advances in Ferroptosis Research and Its Role in Cisplatin’s Anticancer Effects
Ferroptosis was first identified in tumor cells treated with inducers for ferroptosis, and subsequent research established 
enhancing ferroptosis may act as a potent approach to inhibit tumor growth. Numerous studies have demonstrated that 
cisplatin triggers ferroptosis within cancerous tissues.50 For instance, Wang et al reported that cisplatin treatment 
significantly enhanced lipid peroxidation and reduced GPX4 protein levels in gastric cancer cells.51 Similarly, Yang JY’s 
team found platinum-based treatment led to a decrease in xCT protein levels in esophageal cancer epithelial cells.52 While 
numerous studies support the conclusion that cisplatin promotes ferroptosis to inhibit tumor progression, the specific 
mechanisms by which cisplatin regulates ferroptosis in tumor cells remain largely unexplored. This is likely due to the 
prevailing belief that cisplatin exerts its effects by interacting with DNA, creating DNA-platinum complexes, and 
disrupting DNA synthesis as well as gene expression, eventually leading to apoptosis within cancerous tissues. This widely 
accepted view has limited the investigation of cisplatin’s role in modulating ferroptosis in tumors. However, recent studies 
have placed greater emphasis regarding ferroptosis to enhancing cisplatin’s antitumor effects. Several studies suggest that 
modulating ferroptosis can reduce tumor cell resistance to cisplatin, and that inducing ferroptosis in tumor cells can enhance 
cisplatin’s inhibitory actions. Certain molecules have been found to regulate ferroptosis, thereby reducing tumor cell 
resistance to cisplatin.53–55 For example, Xiang L along with colleagues found inhibition targeting long-chain non-coding 
RNA (lncRNA) MAFG antisense RNA 1 (MAFG-AS1) enhances responsiveness toward cisplatin within BUC tissue 
cultures through triggering ferroptosis. Mechanistically, the binding of MAFG-AS1 with poly(rC)-binding protein 2 
(PCBP2) facilitates its recruitment by the deubiquitinase UCHL5, which stabilizes the PCBP2 protein. PCBP2 then 
interacts with iron transporter ferroportin 1 (FPN1), thereby inhibiting ferroptosis. In conclusion, suppression in MAFG- 
AS1 and MAFG enhances cisplatin responsiveness within BUC tissues through induction ferroptosis.56 A separate body of 
research has explored the use of natural or herbal components to promote ferroptosis, thereby enhancing cisplatin’s 
antitumor effects57–72 (Table 1). These herbal formulations or components facilitate ferroptosis within cancerous tissues 
through modulation key proteins associated with iron transport, lipid peroxidation, as well as antioxidant mechanisms. 
However, many of these studies lack depth, focusing primarily on the regulation of ferroptosis by these drugs without fully 
exploring the specific mechanisms involved, such as how they modulate ferroptosis-related proteins.

Table 1 Anticancer Herbal Formulations or Components That Regulate Ferroptosis to Inhibit Tumor Growth

Names of Anticancer Herbal 
Formulas or Components

Tumor Types 
Inhibited

Targets Regulating Ferroptosis References

Shikonin Ovarian Cancer Promotes the level of heme oxygenase 1 (HMOX1) protein, 
thereby promoting ferroptosis

[56]

Yi-qi-hua-yu-jie-du decoction Gastric Cancer Induces ferroptosis through the AKT/GSK3β/NRF2/GPX4 axis [57]

Ginkgolide Non-Small Cell 
Lung Cancer

Promotes ferroptosis via Nrf2/HO-1 axis [58]

Matrine Cervical Cancer Promotes ferroptosis via piezo1 channel activation [59]

Dihydroartemisinin Lung Cancer Triggers ferroptosis through upregulating activity in iron 

transporter ZIP14

[60]

Curcumin Gastric Cancer Stimulates ferroptosis by p62/KEAP1/NRF2 signaling [61]

(Continued)
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In conclusion, recent research indicates that cisplatin may inhibit tumor progression through the induction of 
ferroptosis; nonetheless, precise processes involved remain to be fully elucidated. Furthermore, certain genes and 
proteins are believed to regulate ferroptosis-related pathways, which could either amplify cisplatin’s antitumor effects 
or mitigate the malignant progression of cisplatin-resistant tumor cells. Additionally, various natural compounds and 
traditional Chinese medicine formulations demonstrated ability in inducing ferroptosis in malignant tissue, thus improv
ing cisplatin efficacy in targeting these cells.

Advances on Ferroptosis Study Within Cisplatin-Triggered AKI
Since ferroptosis was first identified, its significant involvement within cisplatin-triggered AKI has been recognized among 
numerous researchers. A following section will review various studies, highlighting their strengths and limitations (Figure 2).

Deng F’s team was the first to establish a connection between ferroptosis and cisplatin-induced AKI. Their research 
demonstrated that renal tubular epithelial cell death induced by cisplatin could be reversed using iron inhibitors, marking 
the first evidence of ferroptosis’s role in this condition.73 However, their study was relatively superficial and did not 
investigate specific ferroptosis biomarkers. Similarly, Mishima et al found that several FDA-approved drugs and 
hormones, including rifampin, propranolol, carvedilol, and thyroid hormones, exhibit anti-ferroptosis properties, helping 
to mitigate cisplatin-triggered AKI within scavenging free radicals related to lipid peroxidation.74 These findings provide 
additional evidence for crucial involvement with ferroptosis during development associated with cisplatin-triggered AKI.

Upon discovering ferroptosis involvement in cisplatin-triggered AKI, subsequent research has concentrated on 
uncovering molecules or drugs that regulate ferroptosis, which in turn can influence AKI. For instance, Hu Z’s team 
demonstrated that paricalcitol, a Vitamin D Receptor (VDR) agonist, alleviates cisplatin-triggered AKI through lowering 
oxidative damage in cellular membranes, along with reducing malondialdehyde (MDA) levels, improving both functional 
and histological outcomes. VDR activation inhibits ferroptosis through the transregulation of GPX4, thus offering 
protection against cisplatin-induced renal damage.75 Meanwhile, Lu Q’s team identified that the small GTPase Ras 
homolog enriched in brain 1 (Rheb1) is upregulated within the nephron structures in mice kidneys suffering from 

Table 1 (Continued). 

Names of Anticancer Herbal 
Formulas or Components

Tumor Types 
Inhibited

Targets Regulating Ferroptosis References

Angelica Polysaccharide Ovarian Cancer Induces ferroptosis by over-regulating GPX4 [62]

Rosmarinic Acid Colon Cancer Downregulates GPX4 and SLC7A11, thereby promoting 

ferroptosis

[63]

Eryngialin Gastric Cancer Promotes ferroptosis through the ATP1A1-Src-YAP/TAZ-TFRC 

axis

[64]

Bu Zhong Yi Qi Decoction Gastric Cancer Promotes ferroptosis through inhibition PCBP1, resulting in 

activation ferritin degradation

[65]

Isoorientin Lung Cancer Promotes ferroptosis by SIRT6/Nrf2/GPX4 axis [66]

Dihydrotanshinone I Lung Cancer Promotes ferroptosis by PI3K/AKT signaling cascade [67]

Salvia Acid Oral Squamous Cell 
Carcinoma

Induces ferroptosis by Nrf2/HO-1 inactivation [68]

Combined Doyechanol VII Non-Small Cell 

Lung Cancer

Promotes ferroptosis-related proteins (long-chain acyl-CoA 

synthetase 4 and NADPH oxidase 4)

[69]

Tripterygium Glycoside Ovarian Cancer Triggers ferroptosis through targeting NRF2/GPX4 signaling 

cascade

[70]

Progesterone Ovarian Cancer Unknown [71]
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cisplatin-triggered AKI. Rheb1-deficient mice showed exacerbated renal impairment, with increased nephron damage 
due to apoptosis, necroptosis, as well as ferroptosis. Their findings imply Rheb1 might inhibit cisplatin-triggered renal 
epithelial injury by preserving cellular energy balance.76 Despite these findings, the studies primarily demonstrate that 
certain molecules influence ferroptosis markers, but they fail to clarify exact processes through which these molecules 
govern onset as well as development associated with ferroptosis.

As research into mechanisms underlying ferroptosis advances, more comprehensive understanding of its role has 
facilitated deeper exploration into its contribution toward cisplatin-triggered AKI. Researchers have begun to delve into 
how specific molecules or target proteins regulate ferroptosis by influencing key components within the ferroptosis 
pathway. For instance, Fan et al concentrated on heme, a heme-scavenging protein that accumulates in the kidneys during 
AKI. In their cisplatin-induced AKI model, they observed significant accumulation of hemoglobin and heme, particularly 
in the proximal tubules of the kidneys. Furthermore, they found that levels related to oxygenase-1, a marker for oxidative 
damage, were notably elevated in wild-type mice compared to heme knockout mice. Additional studies revealed that 
heme exacerbates oxidative stress by binding to heme oxygenase-1, thereby worsening kidney damage in AKI.77

The research team led by Kim DH examined the role played by activated farnesoid X receptor (FXR), discovering 
that FXR could mitigate cisplatin-induced AKI by modulating ferroptosis. They also observed that FXR deficiency 
resulted in an enhanced ferroptosis response, with increased lipid peroxidation, iron accumulation, alongside elevated 
oxygenase-1 protein levels within both HK-2 cells and mice. Additionally, they found a reduced ratio of glutathione to 
glutathione disulfide, alongside lower levels of glutathione peroxidase 4. Chromatin immunoprecipitation assays using 
kidney tissue from mice demonstrated FXR activation by a ligand, which bound with several well-established regulatory 
elements, including Slc51a, Slc51b, Osgin1, Mafg, as well as ferroptosis-associated factors such as Aifm2, Ggt6, Gsta4. 
Moreover, the FXR-regulated transcriptional repressor MAFG was shown to interact with Hmox1, Nqo1, as well as Tf 

Figure 2 Demonstrates that cisplatin induces ferroptosis through the activation of intracellular signaling pathways. Platinum-based drugs are transported into cells via 
Copper Transporter-1 (CTR1), where they activate several molecular mechanisms, including Akt, NF-κB, and Wnt. These pathways subsequently trigger inflammation, 
leading to increased levels of TNF-α and IL-6. Additionally, they initiate DNA damage, cell cycle arrest, and apoptosis. Key contributors to ferroptosis include the 
accumulation of iron ions (Fe2+) and the process of polyunsaturated fatty acid oxidation. Furthermore, elevation within reactive oxygen species (ROS) and cellular membrane 
oxidation further accelerates ferroptosis progression within cells, ultimately resulting in cellular impairment as well as apoptosis.
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within kidney tissue from mice treated with FXR agonists. These findings suggest that activated FXR contributes to 
protection against cisplatin-mediated AKI by regulating transcription among genes associated with ferroptosis.78

Additionally, the Wang S research team discovered that Dioscin, a natural compound, alleviates ferroptosis as well as 
apoptosis by stimulating Nuclear Factor Erythroid 2-Related Factor 2 (Nrf2) / Heme Oxygenase 1 (HO-1) mechanism, 
thus preventing cisplatin-induced AKI.79 Zhou et al found that MicroRNA-214-3p aggravates ferroptosis as well as renal 
injury during cisplatin-mediated AKI by targeting GPX4.80 The Deng Z team demonstrated that WW domain-binding 
protein 2 inhibits ferroptosis during cisplatin-triggered AKI by preventing lysosomal degradation within GPX4.81 

Additionally, Pan M and his team found that Celastrol, another natural compound, suppresses ferroptosis via the Nrf2/ 
GPX4 pathway, thus mitigating acute kidney injury.82 Collectively, these studies emphasize how specific drugs or 
molecules regulate ferroptosis by targeting key molecules involved in this pathway.

Post-translational modifications of proteins play a crucial role in regulating protein function or enhancing protein 
expression through processes such as methylation and acetylation, affecting both histones and non-histone proteins. As 
research continues to advance, the concept of post-translational modifications has garnered increasing attention, espe
cially within ferroptosis research. More recently, research has concentrated on how post-translational modifications 
impact ferroptosis-related pathway proteins, influencing the progression of this cellular process. For instance, in the 
context of acetylation, Yang et al identified that Sirt6, a histone deacetylase, modulates the expression of BRCA1 
associated protein 1 (BAP1) through the deacetylation of histones, thus influencing the initiation of ferroptosis.83 

Additionally, Liang NN and his team observed that using a murine system for cisplatin-mediated AKI, DHODH 
acetylation, an essential enzyme involved in pyrimidine synthesis, had increased in the mitochondria, while levels of 
Sirtuin 3 (SIRT3) were reduced in both in renal tissue from treated mice as well as within HK-2 cellular model. Their 
laboratory studies further demonstrated how overexpressing SIRT3 alleviated acetylation on mitochondrial DHODH and 
ferroptosis events within renal tissues under cisplatin treatment. Based on these findings, the researchers concluded that 
mitochondrial dysfunction drives DHODH acetylation, which subsequently leads to ferroptosis in renal cells during 
cisplatin-induced AKI.84

Although the concept of ferroptosis has been known for over a decade and research on this process has become more 
advanced, drugs specifically targeting ferroptosis are still in preclinical stages, with none yet available for clinical 
application. Despite this, several natural compounds and drugs have demonstrated potential in targeting ferroptosis and 
mitigating cisplatin-mediated AKI during preclinical investigations. For example, a research by Tu Y and his team 
revealed that complex carbohydrates isolated out of Flammulina velutipes (FVPs) suppress ferroptosis by modifying the 
gut microbiome and boosting concentrations in short-chain fatty acids (SCFAs).85 Another study by Hu J and his 
colleagues investigated natural products and focused on Bergenin, a compound derived from the plant Bougainvillea 
spectabilis. Bergenin, long utilized in herbal tea, is known for its ability to activate Nrf2 and its anti-inflammatory and 
antioxidant properties. The researchers found that treatment with Bergenin modulated biomarkers of ferroptosis and 
ferritin autophagy. Specifically, Bergenin binds to and phosphorylates Glycogen Synthase Kinase 3 Beta (GSK3β), 
inhibiting its activity, which promotes movement from Nrf2 into a cell’s core. This consequently facilitates binding by 
Nrf2 with a Peroxisome Proliferator-Activated Receptor Gamma (PPARγ) regulatory region, activating PPARγ. 
Nevertheless, when either Nrf2 as well as PPARγ became suppressed, Bergenin’s protective effects against ferroptosis, 
along with ferritin autophagy in cisplatin-treated HK-2 cultures became weakened. In vivo, Bergenin was found to 
significantly reduce cisplatin-induced kidney damage. Furthermore, Bergenin was shown to decrease ferroptosis 
mediated by iron autophagy induced by cisplatin. These findings suggest that Bergenin is capable of effectively inhibiting 
ferroptosis caused by cisplatin-driven AKI, largely via stimulation within p-GSK3β/Nrf2/PPARγ signaling cascade.86 

Moreover, Guo S and his team focused on components from traditional Chinese medicine and discovered that Baicalein 
alleviates cisplatin-triggered kidney impairment as well as tissue injury, while also improving damage within cisplatin- 
administered HK2 cultures. Mechanistically, baicalein has been found to reduce activity in 12-lipoxygenase (ALOX12), 
a key enzyme inhibiting cellular structure oxidation, thus preventing ferroptosis during AKI. Structural modeling, along 
with SPR analysis confirmed that baicalein directly interacts with ALOX12. Furthermore, silencing ALOX12 exhibited 
regulatory effects similar to those of baicalein. The use of the ALOX12 inhibitor ML355 yielded similar results. Such 
results emphasize baicalein’s involvement with controlling ALOX12-mediated ferroptosis within nephritic epithelial 
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cultures. Baicalein has shown promise as a viable treatment against AKI, whereas ALOX12 may represent promising 
therapeutic potential.87 In another study, Abdel-Rahman N and his team found that roflumilast, a selective phosphodies
terase 4 (PDE4) inhibitor used primarily for chronic obstructive pulmonary disease (COPD), lowers MDA levels and 
increases GSH levels within kidneys from cisplatin-administered AKI mice, demonstrating compound antioxidant 
effects. Roflumilast also elevated kidney concentrations for GPX4 as well as xCT subunits, as well as the levels of 
ferritin and Nrf2 in the kidneys. These results suggest that roflumilast protects kidney function by reducing oxidative 
stress and inhibiting ferroptosis.88

Although a significant portion of current research on targeting ferroptosis to treat cisplatin-associated AKI is still at 
preclinical stages, most studies aim to confirm whether specific natural compounds or drugs can protect the kidneys by 
inhibiting ferroptosis. The multitarget properties inherent in classical Chinese medicine and other natural compounds, 
combined with their ability to address multiple diseases with a single drug, make natural agents aimed at ferroptosis an 
effective strategy in managing cisplatin-associated AKI. Additionally, development in drugs targeting ferroptosis aimed 
at treating or preventing cisplatin-associated AKI holds great potential for the future. Therefore, it is essential for 
researchers to continue exploring this field through further studies.

Targeting Ferroptosis: A Strategy to Balance Cisplatin-Triggered AKI and 
the Tumor-Inhibiting Activity
Within cancer treatment, while promoting ferroptosis can inhibit tumor growth, it simultaneously elevates the risk of 
kidney damage. This inherent conflict greatly limits the clinical application of cisplatin, a widely used anti-cancer drug. 
Consequently, this suggests that we cannot exclusively focus on tumor treatment (eg, using ferroptosis activators to 
enhance anti-cancer effects), as seen in preclinical studies, nor can we solely concentrate on preventing or managing AKI 
(eg, using ferroptosis inhibitors to protect the kidneys). As a result, there is a need to identify drugs capable of triggering 
ferroptosis within malignant tissues, as well as inhibiting it within kidney tissue, thereby excluding drugs that specifically 
target ferroptosis-related proteins. Traditional Chinese medicine and natural compounds may offer a viable solution.

For instance, research conducted by Guo S and his team demonstrated that Baicalein can alleviate cisplatin-associated 
AKI through suppressing ALOX12-mediated ferroptosis.87 Similarly, the Lai JQ team found that Baicalein can induce 
ferroptosis within colon tumor tissues by suppressing JAK2/STAT3/GPX4 molecular mechanisms.89 Furthermore, the Jin 
Y team showed that Baicalein increases cervical tumor growth’s susceptibility to cisplatin.90 Although current studies on 
baicalin do not directly confirm that it enhances cisplatin’s anti-cancer effects through ferroptosis, existing evidence 
suggests that baicalin both inhibits tumor growth and mitigates cisplatin-induced kidney damage.

Several other natural compounds align with this mechanism. For example, Celastrol inhibits ferroptosis via the Nrf2/ 
GPX4 pathway, reducing acute kidney injury82 while also significantly hindering the progression of various cancers, 
including gastric cancer,91 liver cancer,92–97 clear cell renal cancer,98 breast carcinoma,99 nasopharyngeal carcinoma.100 

Another compound, Gastrodin, not only mitigates cisplatin-associated AKI through ferroptosis suppression101 but also 
promotes ferroptosis in gliomas and colorectal cancer, thereby suppressing tumor progression.102,103

Therefore, natural compounds that target ferroptosis hold great potential in preventing or alleviating cisplatin- 
associated AKI while simultaneously inhibiting cancer progression, representing a promising area for future research.

Summary
Ferroptosis, one recently identified type in regulated cell death, is increasingly being acknowledged for its critical 
biological functions in both cancer treatment as well as AKI research. Ferroptosis’s dual nature in cisplatin therapy has 
attracted significant attention. While cisplatin boosts its anti-cancer efficacy by inducing ferroptosis in tumor cells, it 
concurrently worsens cisplatin-associated AKI, which presents major obstacle to its broader clinical application. 
Consequently, understanding and regulating the role of ferroptosis in cisplatin therapy could enhance the therapeutic 
effectiveness against cancer, while simultaneously minimizing cisplatin’s side effects, especially in the context of 
preventing and managing AKI.
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Current research indicates how ferroptosis induced by cisplatin not only enhances the anti-cancer effects via iron- 
driven membrane oxidative damage but simultaneously leads to kidney cell damage. Targeting key processes associated 
with ferroptosis, including the regulation of iron metabolism alongside antioxidant systems, provides new possibilities 
for precision therapy. For example, research has demonstrated that natural compounds, including baicalin and Celastrol, 
can modulate ferroptosis, thereby increasing the anti-cancer effects of cisplatin. At the same time, it also demonstrates 
a protective effect on the kidneys in the cisplatin-induced AKI model. These natural compounds, with their multitarget 
properties, offer substantial potential for balancing the anti-tumor effects of cisplatin and reducing the impact of AKI.

Regulating ferroptosis offers promising new therapeutic strategies for overcoming the dual challenges of cancer 
treatment and AKI. However, current preclinical research predominantly centers on laboratory validation, with limited 
exploration of the underlying mechanisms. For example, while it is well established that certain natural compounds or 
molecules can regulate ferroptosis-related proteins, the ability to precisely control ferroptosis pathways, especially 
through selective regulation in kidney and tumor cells, remains a significant unresolved challenge.

In conclusion, regulating ferroptosis presents considerable potential in cisplatin therapy by enhancing its anti-cancer 
effects and reducing kidney toxicity. However, targeting ferroptosis to improve efficacy and reduce toxicity remains 
a challenging goal. Firstly, achieving selective targeting between tumors and normal tissues (especially the kidneys) and 
preventing excessive ferroptosis activation that could damage normal tissues is a significant challenge. Secondly, the 
issue of drug resistance in tumor cells also hinders ferroptosis-targeted therapies, and overcoming resistance to ensure 
sustained therapeutic effects is a problem that needs to be addressed. Therefore, future research directions should become 
more specific. First, the development of tissue-specific ferroptosis inducers or inhibitors is necessary to enhance the 
selectivity and precision of treatments. Secondly, identifying and validating biomarkers that predict ferroptosis sensitivity 
will aid in the development of personalized treatment strategies. Finally, exploring the synergistic effects of ferroptosis 
and immunotherapy is also worthy of further investigation, as this could provide new insights and strategies for cancer 
treatment. In conclusion, traditional Chinese medicine and natural compounds, with their multitarget effects and fewer 
side effects, could prove to be invaluable tools for achieving this goal. Subsequent studies ought to focus efforts toward 
uncovering underlying processes associated with ferroptosis, along with its dual involvement in both tumor suppression 
and kidney protection, with a particular focus on how these natural substances could be effectively integrated into 
healthcare to offer safer and more effective treatment options. In addition, further research is needed on tissue-specific 
targeting, biomarkers, and other related issues.
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