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Ferroptosis is a distinct form of cell death mechanism different from the traditional ones. Ferroptosis is characterized biochemically by lipid peroxidation, iron accumulation, and glutathione deficiency. It has already demonstrated significant promise in antitumor therapy. Cervical cancer (CC) progression is closely linked to iron regulation and oxidative stress. Existing research has investigated the role of ferroptosis in CC. Ferroptosis could open up a new avenue of research for treating CC. This review will describe the factors and pathways and the research basis of ferroptosis, which is closely related to CC. Furthermore, the review may provide potential future directions for CC research, and we believe that more studies concerning the therapeutic implications of ferroptosis in CC will come to notice.
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INTRODUCTION
Cervical cancer (CC) is one of the most common gynecological tumors worldwide, and 311,000 women died of cervical cancer in 2018 (Bray et al., 2018). Based on the clinical stage and pathological risk factors, surgery or a combination of chemotherapy and radiation therapy is commonly used to treat CC (Koh et al., 2019). Patients with advanced-stage CC have a poor prognosis with a low 5-year mortality rate of only 17% (Pfaendler and Tewari, 2016). However, cisplatin-based first-line chemotherapy has shown little or no response (Monk et al., 2009). Significant adverse effects and narrow therapeutic windows limit the use of systemic chemotherapy. The FDA has approved atezolizumab, pembrolizumab, bleomycin sulfate, and topotecan hydrochloric acid for patients with metastatic or recurrent CC. The standard first-line therapy for CC is platinum-based chemotherapy with bevacizumab (Rallis et al., 2021); non-etheless, the failure of this treatment indicates a high likelihood of subsequent treatment failure. Therefore, it is necessary to develop novel therapeutics for the treatment of CC.
High-risk human papillomavirus (hrHPV) infection, age, smoking, and childbirth are important risk factors for CC (Gaffney et al., 2018). Among all these risk factors, persistent hrHPV infection appears to be the main risk factor responsible for the carcinogenesis and progression of CC (Crosbie et al., 2013). HPV16 is the most common HPV subtype found in CC, causing more than 50% of all cervical cancer cases (Jiang et al., 2018). hrHPV can cause cancer by expressing multiple oncoproteins, including E6 and E7 proteins, which induce carcinogenesis and malignant transformation of cervical epithelial cells (Taghizadeh et al., 2019). HrHPV infiltrates the cervical epithelium and integrates into the host genome, inactivating tumor suppressor genes and activating oncogenes. HPV oncoproteins E6 and E7 regulate the function of several tumor-related proteins, including EGFR family members, p53, and retinoblastoma protein (pRb). HPV oncoproteins also affect the function of various cellular organelles, including mitochondria (Cruz-Gregorio et al., 2019; Cruz-Gregorio et al., 2020). A study has found that HPV infection can induce chronic oxidative stress by promoting the production of reactive oxygen species (ROS) in the tissue microenvironment in patients with CC (Banerjee et al., 2019), which regulates different cellular signaling pathways (Yeo-Teh et al., 2018; Cruz-Gregorio and Aranda-Rivera, 2021) and cellular processes, such as autophagy (Aranda-Rivera et al., 2021) and apoptosis (Jiang and Yue, 2014). The concept of ferroptosis has been recently introduced as an iron-dependent form of oxidative cell death, and ferroptosis is distinct from other known forms of cell death modalities. Ferroptosis primarily occurs in cancer cells and neurons and contributes to the progression of many diseases (Dixon et al., 2012). Ferroptosis was observed in hrHPV-infected squamous intraepithelial lesions, indicating that it is likely to be associated with the development of CC. Cancer cells are more iron-dependent for growth and more sensitive to the iron deficiency than non-cancer cells. Ferroptosis is first reported in ovarian cancer (Wang et al., 2021a), which is another well-known gynecologic malignancy. Ferroptosis has also been reported in liver cancer (Yang et al., 2020), glioma (Zhuo et al., 2020), osteosarcoma (Liu and Wang, 2019), and renal cell carcinoma (Markowitsch et al., 2020); however, the pathogenic mechanism of ferroptosis in the progression of CC is poorly understood and needs further exploration.
POTENTIAL MECHANISM OF IRON DEATH AND IRON HOMEOSTASIS IN CERVICAL CANCER
Iron metabolism plays a vital role in the development of CC. A meta-analysis showed that Chinese patients with CC exhibited lower serum iron levels suggesting that higher serum iron levels may play a protective role in CC (Chen et al., 2020). The study by Braun et al., on the other hand, demonstrated that iron deficiency has profound antiviral and antiproliferative effects on HPV-positive cancer cells. The internal reason may be that tumor cells typically reprogram various cellular processes that ultimately lead to enhanced iron influx and reduced iron efflux, and iron ions enter the cells and the serum concentration of iron ions in the extracellular fluid decreases. They proposed that iron chelators, such as CPX, function as HPV inhibitors, pro-senescence agents, and pro-apoptotic agents in both normoxia and hypoxia environments. The study also demonstrated the therapeutic potential of iron chelators in cancer therapy (Braun et al., 2020). Iron is essential in many physiological processes and an essential component of hemoglobin; therefore, iron is required for oxygen transport in the body (Paul et al., 2017). Transferrin receptor 1 (TfR1) and transferrin (TF) are well-known cellular regulators of iron transport, and they control intracellular iron levels by transporting Fe3+ into the cell (Qian et al., 2002). Nan et al. first reported that TfR1 regulates the expression of many genes at the transcriptional and post-transcriptional levels. The results suggest that TfR1 is involved in the progression of CC by affecting the expression and alternative splicing (AS) of several genes involved in cancer-related pathways (Huang et al., 2022), but whether these pathways are related to ferroptosis has not been elucidated so far.
Although most of the intracellular iron is stored in ferritin, there is still a small cytosolic pool of weakly bound iron available for a variety of interactions with other molecules in the cell; the catalytic activity of weakly bound iron (Fe2+) is almost unlimited since Fe2+ can capture electrons to form peroxides (Dev and Babitt, 2017). These ferrous ions (Fe2+) are called labile iron pool (LIP) (Espósito et al., 2002; Petrat et al., 2002). Fe2+ is a metal ion with a high redox potential. It is the most important catalyst in the lipid peroxidation chain reaction, but it can also generate free radicals from hydrogen peroxide via the Fenton reaction in cells that produce a lot of ROS (Kajarabille and Latunde-Dada, 2019). Reactive oxygen species (ROS) are a group of molecules that contain partially reduced oxygen, including peroxide, superoxide, singlet oxygen, hydroxyl radicals, and free radicals. The dramatic increase of ROS in cells renders cells more prone to ferroptosis (Lin et al., 2018; Liang et al., 2019). High iron level in the cytoplasm significantly promotes ferroptosis susceptibility (Hassannia et al., 2019). Moreover, ferroptosis also participates in the regulation of iron homeostasis in the cell.
Genes involved in iron homeostasis (input, output, and storage of iron ions) have also been shown to modulate the sensitivity to ferroptosis. Preliminary research has been conducted on the ferroptosis regulatory factors that are involved in the release of ferric ions. The overexpression of TF and TfR1 increases iron uptake, making cells susceptible to ferroptosis; conversely, silencing TfR1 inhibited erastin-induced ferroptosis. A recent study found that heat shock protein beta-1 (HSPB1) significantly inhibits ferroptosis by inhibiting TfR1 expression and thus lowering intracellular iron levels (Li et al., 2020). Additionally, nitrogen fixation inhibitor 1 (NFS1), a cysteine desulfurase that mobilizes sulfur from cysteine to synthesize iron-sulfur clusters, is activated by simultaneously increasing TfR1 levels and decreasing ferritin levels, causing the iron starvation response, thereby sensitizing cells to ferroptosis (Alvarez et al., 2017). In addition, iron is mainly exported through ferroportin 1 (FPN1); accordingly, inhibition of FPN1 resulted in enhanced ferroptosis (Geng et al., 2018). Furthermore, the major route of iron release from ferritin is mediated by the incorporation of ferritin into the lysosomes through nuclear receptor coactivator 4 (NCOA4), and knockdown of NCOA4 decreases the ferritinophagy leading to the restricted use of free intracellular iron. NCOA4-mediated ferritin deposition is linked to neurodegeneration, as shown by Quiles et al. (Brown et al., 2019; Quiles Del Rey and Mancias, 2019). Ferritin degradation occurs through NCOA4-mediated ferritinophagy, which induces ferroptosis by releasing free iron from ferritin (Hou et al., 2016). Hemin was used as an intracellular iron source to promote ferroptosis in platelets via ROS-regulated proteasome activity (Naveen Kumar et al., 2019). According to one study on lung cancer, hemin causes ferroptosis in lung cancer cells while protecting normal lung cells after exposure to fractionated doses of ionizing radiation (Chen et al., 2020). Nrf2 is a transcription factor, and the activation of Nrf2 regulates iron metabolism; it reduces cellular iron uptake and limits the production of reactive oxygen species. Thus, Nrf2 inhibits ferroptosis and promotes the progression of cancer. In liver cancer cell lines, p62 can bind to Keap1 and disrupts the interaction of Keap1 with Nrf2 when exposed to compounds inducing iron toxicity. The disruption of Keap1-Nrf2 interaction by ferroptosis-inducing compounds leads to the accumulation of Nrf2, ultimately reducing cancer cell susceptibility to ferroptosis (Sun et al., 2016). In a study by Xiong et al., hypoxia upregulated KDM4A via H3K9me3t, which enhanced HIF1 transcription, activated HRE sequences (5′-ACGTG-3′) in TfR1, activated DMT1 promoter, and induced ferroptosis resistance in CC cells (Xiong et al., 2022) (Figure 1).
[image: Figure 1]FIGURE 1 | Iron metabolism and ferroptosis. Fe2+ storage in LIP (labile iron pool) participates in the Fenton reaction producing ROS and causing ferroptosis. TfR1, TF, and FPN1 are the major regulators of cellular iron balance on the cell membrane. TF transports Fe3+ into cells by TfR1-mediated endocytosis. HSP1 inhibits this process by inhibiting TfR1, while NSF1 can increase TfR1 levels. Fe3+ is converted to Fe2+ by STEAP3 and released into the cytoplasm via DMT1. FPN1 exports and decreases intracellular iron levels. Ferritin stores iron and limits the iron-catalyzed Fenton reaction. NCOA4 binds ferritin mediating its autophagic degradation in a process called ferritinophagy.
ROS AND LIPID PEROXIDATION IN CERVICAL CANCER
The activation of protooncogenes in tumor cells results in the production of ROS. Furthermore, tumor cells require a large amount of nutrients and energy to maintain rapid proliferation, and tumor cells undergo metabolic reprogramming and abnormal mitochondrial function, all of which contribute to the production of more ROS. ROS have been shown to transmit proliferative signals and promote tumor development (Wang et al., 2019). Non-etheless, high levels of ROS can cause cell death, and tumor cells must increase their antioxidant activity to maintain cellular redox balance. One of the most noticeable features of ferroptosis is lipid peroxidation. Ferroptosis is a regulated cell death mechanism that results in glutathione (GSH) depletion. Ferroptosis reduces glutathione peroxidase (GPX4) activity and cellular antioxidant capacity, resulting in increased lipid peroxidation (Dixon et al., 2012; Yang et al., 2014). Sanguinarine treatment increased the generation of reactive oxygen species (ROS), and blocking ROS production inhibited the induction of both apoptosis and ferroptosis. PUFA (polyunsaturated fatty acid)-containing membrane phospholipids are vulnerable to peroxidation under intracellular environment rich in iron and reactive oxygen species. This accumulation of lipid peroxides in the cell membranes eventually destroys membrane integrity leading to ferroptosis (Stockwell et al., 2017). Ferroptosis induces specific morphological changes in mitochondria, including mitochondrial shrinkage, increased membrane density, outer membrane rupture, cristae shrinkage or disappearance, membrane potential drop, etc. Erastin-mediated inhibition of intracellular cystine causes the depletion of intracellular glutathione (GSH), eventually leading to the inactivation of GPX4 and accumulation of lipid peroxidation, inducing cell death. RSL3, a well-known inhibitor of GPX4, can also directly promote these effects, and the regulatory mechanisms of RSL3 include GSH/GPX4 axis, system Xc-, ACSL4, FSP1, etc. (Bridges et al., 2012; Yuan et al., 2016; Doll et al., 2019).
Glutathione reductase (GR), also known as Glutathione-disulfide reductase (GSR), is a key enzyme that catalyzes the reduction of GSH by glutathione disulfide (GSSG), and the inhibition of GSR results in increased ROS activity. In a previous study of ROS in the development of CC, Xia Y et al. demonstrated that the expression of GSR level was increased in human CC tissues, inhibiting the enzymatic activity of GSR and inducing cell death in CC through a ROS-dependent mechanism. Furthermore, this study demonstrates the potential of ROS as an effective antitumor modality for the treatment of CC (Fan et al., 2020). HPV oncoproteins induce oxidative stress (OS), which in turn promotes lipid peroxidation and cellular damage resulting in various types of cell death, including ferroptosis (Di Domenico et al., 2018). It has been demonstrated that the pathogenesis of HPV-mediated CC progression is linked to ferroptosis. Ferroptosis was found in low-grade cervical squamous intraepithelial lesions (SIL) with hrHPV infection in a study on the relationship between ferroptosis and HPV-induced cervical disease. Persistent ferroptosis aided in developing squamous intraepithelial lesions (SIL), which resulted in anti-ferroptotic effects. Many other studies have identified the critical role of lipid peroxidation in the progression of CC, providing us with new ideas for treating CC by targeting ferroptosis (Wang et al., 2022).
ROLE OF GPX4-GSH PATHWAY IN FERROPTOSIS OF CERVICAL CANCER
GPX4 plays a critical role in regulating ferroptosis, and the inhibition of GPX4 induces ferroptosis. GSH is a substrate of GPX4, and the deletion of GPX4 induces ferroptosis. Erastin inhibits ferroptosis by reducing intracellular GSH levels. RSL3 can also directly bind to GPX4 and inhibits its activity, leading to the accumulation of intracellular reactive oxygen species and ferroptosis induction (Yang and Stockwell, 2008). P53, a well-known tumor suppressor gene, can inhibit the induction of system Xc-through the classical pathway and enhances ferroptosis by inhibiting dipeptidyl-peptidase 4 through the non-canonical pathway (Jiang et al., 2015a). hrHPV protein E6 induces p53 degradation by activating hTERT (human telomerase reverse transcriptase), avoiding apoptosis and cell immortalization (Vande Pol and Klingelhutz, 2013). However, the involvement of ferroptosis in this process needs to be further verified. In cervical and bladder cancers, SFRS9 (Serine and arginine-rich splicing factor 9) has been identified as a protooncogene. SFRC9 can inhibit ferroptosis in colorectal cancer (CRC) by binding to GPX4 mRNA, and another study suggests that inhibiting SFRC9 in CRC may have therapeutic implications (Wang et al., 2021b). MiR-193a-5p targets GPX4 mRNA and reduces GPX4 expression in cervical cancer cells. Circular RNA circACAP2 increases GPX4 expression by targeting miR-193a-5p, thereby repressing ferroptosis in cervical cancer during malignant progression by miR-193a-5p/GPX4. Indeed, limited studies have been conducted to identify the role of GPX4 in inducing ferroptosis in cervical cancer cells. Further studies are required to understand the precise role of GPX4 in CC progression (Figure 2).
[image: Figure 2]FIGURE 2 | Three major regulatory mechanisms of ferroptosis in cervical cancer. ①GPX4 pathway: the SLC7A11-GSH-GPX4 (solute carrier family 7 members 11-glutathione-GPX4) signaling axis accounts for the predominant ferroptosis defense system. Cysteine serves as the rate-limiting precursor for the biosynthesis of GSH, a critical cofactor for GPX4 to detoxify lipid peroxides, ② SystemXc-: SLC7A11 is a core component of the cystine-glutamate antiporter system (system Xc-) and mediates the antiport activity of system xc− by importing extracellular cystine and exporting out intracellular glutamate, ③ ACSL4: PUFAs derived from lipid bilayers are metabolized by ACSL4 leading to the production of ROS. Recent research on ferroptosis in CC has primarily focused on these three protein complexes. The main treatments for ferroptosis-related CC are cisplatin and radiotherapy.
ROLE OF SYSTEM XC- IN FERROPTOSIS OF CERVICAL CANCER
System Xc- is an amino acid transporter widely distributed on the cell membrane and mainly consists of SLC7A11 and SLC3A2. System Xc- transports cystine into the cytosol in exchange for the same amount of glutamate being transported out of the cell. Inhibiting the activity of system Xc- can reduce cystine absorption and decrease glutathione synthesis, eventually leading to oxidative damage and ferroptosis (Bridges et al., 2012). ATF4 (activating transcription factor 4) and NRF2 (nuclear factor erythroid 2-related factor 2) represent two major transcription factors mediating stress-induced transcription of SLC7A11, and it has been shown that SLC7A11 drives ferroptosis resistance (Ye et al., 2014). Erastin and sorafenib induce ferroptosis by inhibiting System Xc-. Multiple studies suggest that p53 downregulates the expression of SLC7A11 as demonstrated in polymorphic mutants of p53, and the mechanism of p53-mediated tumor suppression is governed by the inhibition of SLC7A11 function, conferring resistance to ferroptosis (Jiang et al., 2015b; Jennis et al., 2016; Wang et al., 2016).
A recent study of CC found that the circEPSTI1-miR-375/409–3P/515–5p/SLC7A11 axis influenced CC proliferation via the competing endogenous RNAs (ceRNA) mechanism and was involved in ferroptosis. Wu et al. provided experimental evidence, which revealed that circEPSTI1 might act as a new and useful prognostic and predictive biomarker for CC (Wu et al., 2021) (Figure 2).
ROLE OF ACSL4 IN FERROPTOSIS OF CERVICAL CANCER
ACSL4 (Long-chain acyl-CoA synthetase 4) belongs to the acyl-CoA synthetase protein family, which catalyzes the covalent addition of a CoA moiety to fatty acid groups in an ATP-dependent manner. Mouse embryonic fibroblasts from ACSL4 knock-out mice undergo ferroptosis in response to RSL3 (RAS-selective lethal 3). Thus, ACSL4 plays a crucial role in iron-dependent oxidative stress (Yuan et al., 2016). Cortical neurons (Seiler et al., 2008), fibroblasts (Wortmann et al., 2013), vascular cells (Wortmann et al., 2013), T cells, and erythroid cells (Canli et al., 2016) did not survive in the absence of GPX4. ACSL4 and GPX4 double KO cells, on the other hand, survived and proliferated normally in cell culture for an extended period of time, highlighting the critical functional interaction between GPX4 and ACSL4.
In CC, CircLMO1, a newly identified circRNA, induced ferroptosis in CC cells by upregulating ACSL4 expression. Overexpression of miR-4291 or knockdown of ACSL4 reversed the effect of circLMO1 in facilitating ferroptosis, repressing proliferation, and decreasing tumor invasion of CC cells (Wu et al., 2021). Oleanolic acid (OA) promotes ACSL4-dependent ferroptosis in HeLa cells (Xiaofei et al., 2021) (Figure 2).
POTENTIAL APPLICATIONS OF FERROPTOSIS IN CERVICAL CANCER
Besides surgery, the first-line chemotherapy drugs for CC currently include cisplatin, paclitaxel, carboplatin, etc. The second-line chemotherapy drugs include gemcitabine, epirubicin, etc. Among various anticancer drugs, cisplatin is one of the most widely used and effective anticancer agent in the treatment of different types of solid tumors, but unfortunately, repeated platinum therapy after tumor recurrence is often ineffective. Cisplatin resistance may develop through the following molecular mechanisms: increased DNA repair capacity, altered cellular aggregation of the drug, and cytoplasmic inactivation of the drugs (Richon et al., 1987; Ferry et al., 2000; Amable, 2016). These cell death mechanisms are involved in apoptosis, but whether ferroptosis occurs through similar mechanisms is unclear. Ferroptosis is a novel cell death mechanism that differs greatly from traditional apoptosis; thus, targeting ferroptosis may be an effective therapeutic strategy for overcoming tumor resistance to cisplatin. Given that elastin induces ferroptosis, combining elastin (GSH inhibitor) with cisplatin (genotoxic agent) may have a synergistic effect on cancer therapy (Figure 2). Cisplatin combined with elastin showed a significant additive effect on antitumor activity in human ovarian cancer, head, and neck cancer (HNC), lung carcinoma (A549), and colon carcinoma (HCT116) cell lines, according to Guo et al. and Roh et al. (Roh et al., 2016; Guo et al., 2018). In oxaliplatin-resistant human cervical cancer cell lines, a combination treatment of iron chelator desferal (DFO) and oxaliplatin can overcome oxaliplatin resistance (Chen et al., 2016); a combination of low-concentration of PTX and RSL3 synergistically inhibits tumor cell growth by inducing ferroptosis (Ye et al., 2019); both in vivo and in vitro experiments confirmed that a combination of gemcitabine and erastin can inhibit the HSPA5-GPX4 signaling pathway and displays a synergistic antitumor effect on pancreatic cancer cells. A low concentration of elastin enhances the sensitivity of HL-60 cells to cytarabine and doxorubicin (Zhu et al., 2017) (Table 1).
TABLE 1 | Overview of ferroptosis-associated chemotherapeutic agents in CC.
[image: Table 1]Radiation therapy is another effective modality for the treatment of CC, but some patients develop resistance to radiation therapy. Various ferroptosis inducers, such as sorafenib and sulfasalazine, can act as radiosensitizers by inhibiting SLC7A11 and GPX4 activity. Lei et al. (Lei et al., 2020) found that radiotherapy can induce tumor cells to produce a large amount of lipid ROS and ACSL4 leading to the increased accumulation of lipid peroxides and increased occurrence of ferroptosis (Figure 2). The study further reported the activity of SLC7A11 and GPX4 in combination with ferroptosis inducers to cervical cancer in vitro and in vivo experiments, and found that tumor cells were considerably more sensitive to radiotherapy. The study also suggested that suitable ferroptosis inducers can serve as effective radiosensitizers to improve the efficacy of radiotherapy on tumor cells.
CONCLUSION
In other studies investigating the role of ferroptosis in cervical cancer, Wang et al. show that Cdc25A (cell division cycle 25) upregulates ErbB2 (epidermal growth factor receptor) level through dephosphorylation of PKM2, thereby inhibiting autophagy-dependent ferroptosis in CC cells (Wang et al., 2021c). Zhao et al. demonstrate that propofol and paclitaxel exert synergistic anticancer effects on cervical cancer cells (Zhao et al., 2022). Qi et al. established a four-gene (TFRC. ACACA, SQLE, and PHKG2) prognostic signature based on ferroptosis related genes (FRGs), providing new targets for CC involving ferroptosis (Qi et al., 2021). Xing et al. discovered eight ferroptosis- and immune-related differentially expressed genes (FI-DEGs) and developed a risk assessment model to predict outcomes in CESC patients (Cervical squamous cell carcinoma). Therefore, these eight genes have the potential to be prognostic and predictive biomarkers for cancer. Indeed, more research is needed to confirm the findings in the field of CC (Xing et al., 2021). Jiang et al. established a new predictive model that integrated 7 lncRNAs related to ferroptosis through analysis, which improve the predictive value and guided personalized treatment in patients with CC (Jiang et al., 2022). In the study by Zou et al., the ferroptosis-related gene PTGS2 turned out to be a key prognostic gene for an early-stage CC model associated with the immune microenvironment (Zou et al., 2022). Li et al. established a ferroptosis score (FerroScore) that was used to predict the sensitivity to chemotherapy and responses to immunotherapy in patients with CC. All these methods have a potential application for ferroptosis in CC.
Cancer incidence has been rising in recent years. According to current research, the ability of cells to avoid apoptosis is the primary cause of tumor resistance to treatment. Because ferroptosis differs from apoptosis, it provides a novel therapeutic option for cancer treatment. Due to the important roles of iron in cellular metabolism and increased oxidative stress in cervical cancer, it is worth exploring whether ferroptosis plays an important role in the pathogenesis of cervical cancer. In addition to the above-mentioned proteins and non-coding RNAs, several other compounds and proteins also play important roles in the occurrence of ferroptosis, regulating the biological characteristics of CC cells. HPV infection is closely related to the early diagnosis of CC, and HPV infection is also associated with oxidative stress, which is a key process promoting cell death by ferroptosis. Therefore, understanding the underlying mechanism of ferroptosis in the progression of CC may have implications for early diagnosis of CC.
In addition, the present study demonstrates that ferroptosis significantly affects the sensitization of tumor cells to chemoradiotherapy. Depending on the clinical status of CC, many patients with CC are resistant to traditional treatments. Therefore, as a newly discovered cell death mechanism, ferroptosis has excellent research value in antitumor therapy. However, antitumor therapy for ferroptosis faces numerous challenges. Several studies on the mechanism of ferroptosis in CC are currently being conducted, but the clinical application of the ferroptotic pathway in cancer therapy is very limited. Ferroptosis research in CC is currently ongoing, and the future application prospects of ferroptosis are limitless.
AUTHOR CONTRIBUTIONS
All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.
FUNDING
National Natural Science Foundation of China, No. 82271677 Beijing Hospitals Authority’s Ascent Plan, Code: DFL20221201; Beijing Municipal Health Commission, demonstration construction project of Clinical Research ward (NO: BCRW202109); Gynecological Tumor Precise Diagnosis and Treatment Innovaticn Studio; Funds received for open access publication fees from Beijing Obstetrics and Gynecology Hospital, Capital Medical University, Beijing Maternal and Child Health Care Hospital.
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
 Alvarez, S. W., Sviderskiy, V. O., Terzi, E. M., Papagiannakopoulos, T., Moreira, A. L., Adams, S., et al. (2017). NFS1 undergoes positive selection in lung tumours and protects cells from ferroptosis. Nature 551 (7682), 639–643. doi:10.1038/nature24637
 Amable, L. (2016). Cisplatin resistance and opportunities for precision medicine. Pharmacol. Res. 106, 27–36. doi:10.1016/j.phrs.2016.01.001
 Aranda-Rivera, A. K., Cruz-Gregorio, A., Briones-Herrera, A., and Pedraza-Chaverri, J. (2021). Regulation of autophagy by high- and low-risk human papillomaviruses. Rev. Med. virology 31 (2), e2169. doi:10.1002/rmv.2169
 Banerjee, N. S., Moore, D., Parker, C. J., Broker, T. R., and Chow, L. T. (2019). Targeting DNA damage response as a strategy to treat HPV infections. Int. J. Mol. Sci. 20 (21), 5455. doi:10.3390/ijms20215455
 Braun, J. A., Herrmann, A. L., Blase, J. I., Frensemeier, K., Bulkescher, J., Scheffner, M., et al. (2020). Effects of the antifungal agent ciclopirox in HPV-positive cancer cells: Repression of viral E6/E7 oncogene expression and induction of senescence and apoptosis. Int. J. cancer 146 (2), 461–474. doi:10.1002/ijc.32709
 Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal, A. (2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA a cancer J. Clin. 68 (6), 394–424. doi:10.3322/caac.21492
 Bridges, R. J., Natale, N. R., and Patel, S. A. (2012). System xc⁻ cystine/glutamate antiporter: An update on molecular pharmacology and roles within the CNS. Br. J. Pharmacol. 165 (1), 20–34. doi:10.1111/j.1476-5381.2011.01480.x
 Brown, C. W., Amante, J. J., Chhoy, P., Elaimy, A. L., Liu, H., Zhu, L. J., et al. (2019). Prominin2 drives ferroptosis resistance by stimulating iron export. Dev. Cell 51 (5), 575–586. doi:10.1016/j.devcel.2019.10.007
 Canli, Ö., Alankuş, Y. B., Grootjans, S., Vegi, N., Hültner, L., Hoppe, P. S., et al. (2016). Glutathione peroxidase 4 prevents necroptosis in mouse erythroid precursors. Blood 127 (1), 139–148. doi:10.1182/blood-2015-06-654194
 Chen, S. J., Kuo, C. C., Pan, H. Y., Tsou, T. C., Yeh, S. C., and Chang, J. Y. (2016). Desferal regulates hCtr1 and transferrin receptor expression through Sp1 and exhibits synergistic cytotoxicity with platinum drugs in oxaliplatin-resistant human cervical cancer cells in vitro and in vivo. Oncotarget 7 (31), 49310–49321. doi:10.18632/oncotarget.10336
 Chen, S., Shen, L., Luo, S., Lan, X., and Wang, L. (2020). Association between serum iron levels and the risk of cervical cancer in Chinese: A meta-analysis. J. Int. Med. Res. 48 (3), 300060519882804. doi:10.1177/0300060519882804
 Crosbie, E. J., Einstein, M. H., Franceschi, S., and Kitchener, H. C. (2013). Human papillomavirus and cervical cancer. Lancet (London, Engl. 382 (9895), 889–899. doi:10.1016/S0140-6736(13)60022-7
 Cruz-Gregorio, A., and Aranda-Rivera, A. K. (2021). Redox-sensitive signalling pathways regulated by human papillomavirus in HPV-related cancers. Rev. Med. virology 31 (6), e2230. doi:10.1002/rmv.2230
 Cruz-Gregorio, A., Aranda-Rivera, A. K., Aparicio-Trejo, O. E., Coronado-Martínez, I., Pedraza-Chaverri, J., and Lizano, M. (2019). E6 oncoproteins from high-risk human papillomavirus induce mitochondrial metabolism in a head and neck squamous cell carcinoma model. Biomolecules 9 (8), 351. doi:10.3390/biom9080351
 Cruz-Gregorio, A., Aranda-Rivera, A. K., and Pedraza-Chaverri, J. (2020). Human papillomavirus-related cancers and mitochondria. Virus Res. 286, 198016. doi:10.1016/j.virusres.2020.198016
 Dev, S., and Babitt, J. L. (2017). Overview of iron metabolism in health and disease. Hemodial. Int. Int. Symposium Home Hemodial. 21 (1), S6–S20. doi:10.1111/hdi.12542
 Di Domenico, M., Giovane, G., Kouidhi, S., Iorio, R., Romano, M., De Francesco, F., et al. (2018). HPV epigenetic mechanisms related to Oropharyngeal and Cervix cancers. Cancer Biol. Ther. 19 (10), 850–857. doi:10.1080/15384047.2017.1310349
 Dixon, S. J., Lemberg, K. M., Lamprecht, M. R., Skouta, R., Zaitsev, E. M., Gleason, C. E., et al. (2012). Ferroptosis: An iron-dependent form of nonapoptotic cell death. Cell 149 (5), 1060–1072. doi:10.1016/j.cell.2012.03.042
 Doll, S., Freitas, F. P., Shah, R., Aldrovandi, M., da Silva, M. C., Ingold, I., et al. (2019). FSP1 is a glutathione-independent ferroptosis suppressor. Nature 575 (7784), 693–698. doi:10.1038/s41586-019-1707-0
 Espósito, B. P., Epsztejn, S., Breuer, W., and Cabantchik, Z. I. (2002). A review of fluorescence methods for assessing labile iron in cells and biological fluids. Anal. Biochem. 304 (1), 1–18. doi:10.1006/abio.2002.5611
 Fan, H. J., Tan, Z. B., Wu, Y. T., Feng, X. R., Bi, Y. M., Xie, L. P., et al. (2020). The role of ginsenoside Rb1, a potential natural glutathione reductase agonist, in preventing oxidative stress-induced apoptosis of H9C2 cells. J. ginseng Res. 44 (2), 258–266. doi:10.1016/j.jgr.2018.12.004
 Ferry, K. V., Hamilton, T. C., and Johnson, S. W. (2000). Increased nucleotide excision repair in cisplatin-resistant ovarian cancer cells: Role of ERCC1-XPF. Biochem. Pharmacol. 60 (9), 1305–1313. doi:10.1016/s0006-2952(00)00441-x
 Gaffney, D. K., Hashibe, M., Kepka, D., Maurer, K. A., and Werner, T. L. (2018). Too many women are dying from cervix cancer: Problems and solutions. Gynecol. Oncol. 151 (3), 547–554. doi:10.1016/j.ygyno.2018.10.004
 Geng, N., Shi, B. J., Li, S. L., Zhong, Z. Y., Li, Y. C., Xua, W. L., et al. (2018). Knockdown of ferroportin accelerates erastin-induced ferroptosis in neuroblastoma cells. Eur. Rev. Med. Pharmacol. Sci. 22 (12), 3826–3836. doi:10.26355/eurrev_201806_15267
 Guo, J., Xu, B., Han, Q., Zhou, H., Xia, Y., Gong, C., et al. (2018). Ferroptosis: A novel antitumor action for cisplatin. Cancer Res. Treat. 50 (2), 445–460. doi:10.4143/crt.2016.572
 Hassannia, B., Vandenabeele, P., and Vanden Berghe, T. (2019). Targeting ferroptosis to iron out cancer. Cancer Cell 35 (6), 830–849. doi:10.1016/j.ccell.2019.04.002
 Hou, W., Xie, Y., Song, X., Sun, X., Lotze, M. T., Zeh, H. J., et al. (2016). Autophagy promotes ferroptosis by degradation of ferritin. Autophagy 12 (8), 1425–1428. doi:10.1080/15548627.2016.1187366
 Huang, N., Wei, Y., Cheng, Y., Wang, X., Wang, Q., Chen, D., et al. (2022). Iron metabolism protein transferrin receptor 1 involves in cervical cancer progression by affecting gene expression and alternative splicing in HeLa cells. Genes and genomics 44 (6), 637–650. doi:10.1007/s13258-021-01205-w
 Jennis, M., Kung, C. P., Basu, S., Budina-Kolomets, A., Leu, J. I., Khaku, S., et al. (2016). An African-specific polymorphism in the TP53 gene impairs p53 tumor suppressor function in a mouse model. Genes and Dev. 30 (8), 918–930. doi:10.1101/gad.275891.115
 Jiang, P., and Yue, Y. (2014). Human papillomavirus oncoproteins and apoptosis (Review). Exp. Ther. Med. 7 (1), 3–7. doi:10.3892/etm.2013.1374
 Jiang, L., Hickman, J. H., Wang, S. J., and Gu, W. (2015). Dynamic roles of p53-mediated metabolic activities in ROS-induced stress responses. Cell cycleGeorget. Tex) 14 (18), 2881–2885. doi:10.1080/15384101.2015.1068479
 Jiang, L., Kon, N., Li, T., Wang, S. J., Su, T., Hibshoosh, H., et al. (2015). Ferroptosis as a p53-mediated activity during tumour suppression. Nature 520 (7545), 57–62. doi:10.1038/nature14344
 Jiang, P., Wang, L., Hou, B., Zhu, J., Zhou, M., Jiang, J., et al. (2018). A novel HPV16 E7-affitoxin for targeted therapy of HPV16-induced human cervical cancer. Theranostics 8 (13), 3544–3558. doi:10.7150/thno.24607
 Jiang, Z., Li, J., Feng, W., Sun, Y., and Bu, J. (2022). A ferroptosis-related lncRNA model to enhance the predicted value of cervical cancer. J. Oncol. 2022, 6080049. doi:10.1155/2022/6080049
 Kajarabille, N., and Latunde-Dada, G. O. (2019). Programmed cell-death by ferroptosis: Antioxidants as mitigators. Int. J. Mol. Sci. 20 (19), 4968. doi:10.3390/ijms20194968
 Koh, W. J., Abu-Rustum, N. R., Bean, S., Bradley, K., Campos, S. M., Cho, K. R., et al. (2019). Cervical cancer, version 3.2019, NCCN clinical practice guidelines in oncology. J. Natl. Compr. Cancer Netw. JNCCN 17 (1), 64–84. doi:10.6004/jnccn.2019.0001
 Lei, G., Zhang, Y., Koppula, P., Liu, X., Zhang, J., Lin, S. H., et al. (2020). The role of ferroptosis in ionizing radiation-induced cell death and tumor suppression. Cell Res. 30 (2), 146–162. doi:10.1038/s41422-019-0263-3
 Li, J., Cao, F., Yin, H. L., Huang, Z. J., Lin, Z. T., Mao, N., et al. (2020). Ferroptosis: Past, present and future. Cell death Dis. 11 (2), 88. doi:10.1038/s41419-020-2298-2
 Liang, C., Zhang, X., Yang, M., and Dong, X. (2019). Recent progress in ferroptosis inducers for cancer therapy. Adv. Mater. Deerf. Beach, Fla) 31 (51), e1904197. doi:10.1002/adma.201904197
 Lin, L. S., Song, J., Song, L., Ke, K., Liu, Y., Zhou, Z., et al. (2018). Simultaneous fenton-like ion delivery and glutathione depletion by MnO(2) -based nanoagent to enhance chemodynamic therapy. Angewandte Chemie Int. ed Engl. 57 (18), 4902–4906. doi:10.1002/anie.201712027
 Liu, Q., and Wang, K. (2019). The induction of ferroptosis by impairing STAT3/Nrf2/GPx4 signaling enhances the sensitivity of osteosarcoma cells to cisplatin. Cell Biol. Int. 43 (11), 1245–1256. doi:10.1002/cbin.11121
 Markowitsch, S. D., Schupp, P., Lauckner, J., Vakhrusheva, O., Slade, K. S., Mager, R., et al. (2020). Artesunate inhibits growth of sunitinib-resistant renal cell carcinoma cells through cell cycle arrest and induction of ferroptosis. Cancers 12 (11), 3150. doi:10.3390/cancers12113150
 Monk, B. J., Sill, M. W., McMeekin, D. S., Cohn, D. E., Ramondetta, L. M., Boardman, C. H., et al. (2009). Phase III trial of four cisplatin-containing doublet combinations in stage IVB, recurrent, or persistent cervical carcinoma: A gynecologic oncology group study. J. Clin. Onco. J. Am. Soci. Clin. Onco. 27 (28), 4649–4655. doi:10.1200/JCO.2009.21.8909
 Naveen Kumar, S. K., Hemshekhar, M., Kemparaju, K., and Girish, K. S. (2019). Hemin-induced platelet activation and ferroptosis is mediated through ROS-driven proteasomal activity and inflammasome activation: Protection by Melatonin. Biochimica biophysica acta Mol. basis Dis. 1865 (9), 2303–2316. doi:10.1016/j.bbadis.2019.05.009
 Paul, B. T., Manz, D. H., Torti, F. M., and Torti, S. V. (2017). Mitochondria and iron: Current questions. Expert Rev. Hematol. 10 (1), 65–79. doi:10.1080/17474086.2016.1268047
 Petrat, F., de Groot, H., Sustmann, R., and Rauen, U. (2002). The chelatable iron pool in living cells: A methodically defined quantity. Biol. Chem. 383 (3–4), 489–502. doi:10.1515/BC.2002.051
 Pfaendler, K. S., and Tewari, K. S. (2016). Changing paradigms in the systemic treatment of advanced cervical cancer. Am. J. obstetrics Gynecol. 214 (1), 22–30. doi:10.1016/j.ajog.2015.07.022
 Qi, X., Fu, Y., Sheng, J., Zhang, M., Zhang, M., Wang, Y., et al. (2021). A novel ferroptosis-related gene signature for predicting outcomes in cervical cancer. Bioengineered 12 (1), 1813–1825. doi:10.1080/21655979.2021.1925003
 Qian, Z. M., Li, H., Sun, H., and Ho, K. (2002). Targeted drug delivery via the transferrin receptor-mediated endocytosis pathway. Pharmacol. Rev. 54 (4), 561–587. doi:10.1124/pr.54.4.561
 Quiles Del Rey, M., and Mancias, J. D. (2019). NCOA4-Mediated ferritinophagy: A potential link to neurodegeneration. Front. Neurosci. 13, 238. doi:10.3389/fnins.2019.00238
 Rallis, K. S., Lai Yau, T. H., and Sideris, M. (2021). Chemoradiotherapy in cancer treatment: Rationale and clinical applications. Anticancer Res. 41 (1), 1–7. doi:10.21873/anticanres.14746
 Richon, V. M., Schulte, N., and Eastman, A. (1987). Multiple mechanisms of resistance to cis-diamminedichloroplatinum(II) in murine leukemia L1210 cells. Cancer Res. 47 (8), 2056–2061.
 Roh, J. L., Kim, E. H., Jang, H. J., Park, J. Y., and Shin, D. (2016). Induction of ferroptotic cell death for overcoming cisplatin resistance of head and neck cancer. Cancer Lett. 381 (1), 96–103. doi:10.1016/j.canlet.2016.07.035
 Seiler, A., Schneider, M., Förster, H., Roth, S., Wirth, E. K., Culmsee, C., et al. (2008). Glutathione peroxidase 4 senses and translates oxidative stress into 12/15-lipoxygenase dependent- and AIF-mediated cell death. Cell metab. 8 (3), 237–248. doi:10.1016/j.cmet.2008.07.005
 Stockwell, B. R., Friedmann Angeli, J. P., Bayir, H., Bush, A. I., Conrad, M., Dixon, S. J., et al. (2017). Ferroptosis: A regulated cell death nexus linking metabolism, redox biology, and disease. Cell 171 (2), 273–285. doi:10.1016/j.cell.2017.09.021
 Sun, X., Ou, Z., Chen, R., Niu, X., Chen, D., Kang, R., et al. (2016). Activation of the p62-Keap1-NRF2 pathway protects against ferroptosis in hepatocellular carcinoma cells. Hepatol. Baltim. Md) 63 (1), 173–184. doi:10.1002/hep.28251
 Taghizadeh, E., Jahangiri, S., Rostami, D., Taheri, F., Renani, P. G., Taghizadeh, H., et al. (2019). Roles of E6 and E7 human papillomavirus proteins in molecular pathogenesis of cervical cancer. Curr. protein and peptide Sci. 20 (9), 926–934. doi:10.2174/1389203720666190618101441
 Vande Pol, S. B., and Klingelhutz, A. J. (2013). Papillomavirus E6 oncoproteins. Virology 445 (1–2), 115–137. doi:10.1016/j.virol.2013.04.026
 Wang, S. J., Li, D., Ou, Y., Jiang, L., Chen, Y., Zhao, Y., et al. (2016). Acetylation is crucial for p53-mediated ferroptosis and tumor suppression. Cell Rep. 17 (2), 366–373. doi:10.1016/j.celrep.2016.09.022
 Wang, K., Jiang, J., Lei, Y., Zhou, S., Wei, Y., and Huang, C. (2019). Targeting metabolic-redox circuits for cancer therapy. Trends Biochem. Sci. 44 (5), 401–414. doi:10.1016/j.tibs.2019.01.001
 Wang, Y., Zhao, G., Condello, S., Huang, H., Cardenas, H., Tanner, E. J., et al. (2021). Frizzled-7 identifies platinum-tolerant ovarian cancer cells susceptible to ferroptosis. Cancer Res. 81 (2), 384–399. doi:10.1158/0008-5472.CAN-20-1488
 Wang, R., Xing, R., Su, Q., Yin, H., Wu, D., Lv, C., et al. (2021). Knockdown of SFRS9 inhibits progression of colorectal cancer through triggering ferroptosis mediated by GPX4 reduction. Front. Oncol. 11, 683589. doi:10.3389/fonc.2021.683589
 Wang, C., Zeng, J., Li, L. J., Xue, M., and He, S. L. (2021). Cdc25A inhibits autophagy-mediated ferroptosis by upregulating ErbB2 through PKM2 dephosphorylation in cervical cancer cells. Cell death Dis. 12 (11), 1055. doi:10.1038/s41419-021-04342-y
 Wang, T., Gong, M., Cao, Y., Zhao, C., Lu, Y., Zhou, Y., et al. (2022). Persistent ferroptosis promotes cervical squamous intraepithelial lesion development and oncogenesis by regulating KRAS expression in patients with high risk-HPV infection. Cell death Discov. 8 (1), 201. doi:10.1038/s41420-022-01013-5
 Wortmann, M., Schneider, M., Pircher, J., Hellfritsch, J., Aichler, M., Vegi, N., et al. (2013). Combined deficiency in glutathione peroxidase 4 and vitamin E causes multiorgan thrombus formation and early death in mice. Circulation Res. 113 (4), 408–417. doi:10.1161/CIRCRESAHA.113.279984
 Wu, P., Li, C., Ye, D. M., Yu, K., Li, Y., Tang, H., et al. (2021). Circular RNA circEPSTI1 accelerates cervical cancer progression via miR-375/409–3P/515–5p-SLC7A11 axis. Aging 13 (3), 4663–4673. doi:10.18632/aging.202518
 Xiaofei, J., Mingqing, S., Miao, S., Yizhen, Y., Shuang, Z., Qinhua, X., et al. (2021). Oleanolic acid inhibits cervical cancer Hela cell proliferation through modulation of the ACSL4 ferroptosis signaling pathway. Biochem. biophysical Res. Commun. 545, 81–88. doi:10.1016/j.bbrc.2021.01.028
 Xing, C., Yin, H., Yao, Z. Y., and Xing, X. L. (2021). Prognostic signatures based on ferroptosis- and immune-related genes for cervical squamous cell carcinoma and endocervical adenocarcinoma. Front. Oncol. 11, 774558. doi:10.3389/fonc.2021.774558
 Xiong, J., Nie, M., Fu, C., Chai, X., Zhang, Y., He, L., et al. (2022). Hypoxia enhances HIF1α transcription activity by upregulating KDM4A and mediating H3K9 me3; thus, inducing ferroptosis resistance in cervical cancer cells. Stem cells Int. 2022, 1608806. doi:10.1155/2022/1608806
 Yang, W. S., and Stockwell, B. R. (2008). Synthetic lethal screening identifies compounds activating iron-dependent, nonapoptotic cell death in oncogenic-RAS-harboring cancer cells. Chem. Biol. 15 (3), 234–245. doi:10.1016/j.chembiol.2008.02.010
 Yang, W. S., SriRamaratnam, R., Welsch, M. E., Shimada, K., Skouta, R., Viswanathan, V. S., et al. (2014). Regulation of ferroptotic cancer cell death by GPX4. Cell 156 (1–2), 317–331. doi:10.1016/j.cell.2013.12.010
 Yang, Y., Lin, J., Guo, S., Xue, X., Wang, Y., Qiu, S., et al. (2020). RRM2 protects against ferroptosis and is a tumor biomarker for liver cancer. Cancer Cell Int. 20 (1), 587. doi:10.1186/s12935-020-01689-8
 Ye, P., Mimura, J., Okada, T., Sato, H., Liu, T., Maruyama, A., et al. (2014). Nrf2-and ATF4-dependent upregulation of xCT modulates the sensitivity of T24 bladder carcinoma cells to proteasome inhibition. Mol. Cell. Biol. 34 (18), 3421–3434. doi:10.1128/MCB.00221-14
 Ye, J., Jiang, X., Dong, Z., Hu, S., and Xiao, M. (2019). Low-concentration PTX and RSL3 inhibits tumor cell growth synergistically by inducing ferroptosis in mutant p53 hypopharyngeal squamous carcinoma. Cancer Manag. Res. 11, 9783–9792. doi:10.2147/CMAR.S217944
 Yeo-Teh, N. S. L., Ito, Y., and Jha, S. (2018). High-risk human papillomaviral oncogenes E6 and E7 target key cellular pathways to achieve oncogenesis. Int. J. Mol. Sci. 19 (6), 1706. doi:10.3390/ijms19061706
 Yuan, H., Li, X., Zhang, X., Kang, R., and Tang, D. (2016). Identification of ACSL4 as a biomarker and contributor of ferroptosis. Biochem. biophysical Res. Commun. 478 (3), 1338–1343. doi:10.1016/j.bbrc.2016.08.124
 Zhao, M. Y., Liu, P., Sun, C., Pei, L. J., and Huang, Y. G. (2022). Propofol augments paclitaxel-induced cervical cancer cell ferroptosis in vitro. Front. Pharmacol. 13, 816432. doi:10.3389/fphar.2022.816432
 Zhu, S., Zhang, Q., Sun, X., Zeh, H. J., Lotze, M. T., Kang, R., et al. (2017). HSPA5 regulates ferroptotic cell death in cancer cells. Cancer Res. 77 (8), 2064–2077. doi:10.1158/0008-5472.CAN-16-1979
 Zhuo, S., Chen, Z., Yang, Y., Zhang, J., Tang, J., and Yang, K. (2020). Clinical and biological significances of a ferroptosis-related gene signature in glioma. Front. Oncol. 10, 590861. doi:10.3389/fonc.2020.590861
 Zou, C., Xu, F., Shen, J., and Xu, S. (2022). Identification of a ferroptosis-related prognostic gene PTGS2 based on risk modeling and immune microenvironment of early-stage cervical cancer. J. Oncol. 2022, 3997562. doi:10.1155/2022/3997562
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.
Copyright © 2023 Chang and Miao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fmolb-10-1164398-t001.jpg
Chemotherapeutic In vitro Inhibitors and

agents inducers of
ferroptosis

Oxaliplatin Chen et al. (2016)  Oxaliplatin-resistant human cervical cancer cell | SiHa and $3 tumor xenograft = Deferoxamine/DFO The synergistic killing

line, $3 mouse models Chen et al. effect
(2016)

Cisplatin Roh et al. (2016); Guo | Human ovarian cancer cell line (A2780 and its ~ HN9-cisR mouse models Erastin The synergistic killing

etal. (2018) CDDP-resistant variant A2780DDP), HNC cell | Roh et al. (2016) effect, enhancing the
lines (AMC-HN3R, -HN4R, and -HN9R), A549, anticancer activity
HCT116 cells

Paclitaxel/PTX Ye et al. (2019) | mtp53 HPSCC None RSL3 Enhance the anticancer

activity

Gemgitabine Zhu et al. (2017) | PANCI, CFPACI, MiaPaCa2, Panc2.03,and  PANCI nude mouse model | Erastin Enhance sensitivity
Panc02 cells

Cytarabine, Doxorubicin Zhu | HL-60 cells None Erastin Enhance the anticancer

etal. (2017) activity






OPS/xhtml/nav.xhtml
Contents

		Cover

		Ferroptosis: Mechanism and potential applications in cervical cancer		Introduction

		Potential mechanism of iron death and iron homeostasis in cervical cancer

		ROS and lipid peroxidation in cervical cancer

		Role of GPX4-GSH pathway in ferroptosis of cervical cancer

		Role of system Xc- in ferroptosis of cervical cancer

		Role of ACSL4 in ferroptosis of cervical cancer

		Potential applications of ferroptosis in cervical cancer

		Conclusion

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Molecular Biosciences






OPS/images/fmolb-10-1164398-g001.gif





OPS/images/fmolb-10-1164398-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Molecular Biosciences





