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ABSTRACT
LncRNA is a type of transcript with a length exceeding 200 nucleotides, which was
once considered junk transcript with no biological function during the transcription
process. In recent years, lncRNA has been shown to act as an important regulatory
factor at multiple levels of gene expression, affecting various programmed cell death
modes including ferroptosis. Ferroptosis, as a new form of programmed cell death, is
characterized by a deficiency of cysteine or inactivation of glutathione peroxidase,
leading to depletion of glutathione, aggregation of iron ions, and lipid peroxidation.
These processes are influenced by many physiological processes, such as the Nrf2
pathway, autophagy, p53 pathway and so on. An increasing number of studies have
shown that lncRNA can block the expression of specific molecules through decoy
effect, guide specific proteins to function, or promote interactions between molecules
as scaffolds. These modes of action regulate the expression of key factors in iron
metabolism, lipid metabolism, and antioxidant metabolism through epigenetic or
genetic regulation, thereby regulating the process of ferroptosis. In this review, we
snapshotted the regulatory mechanism of ferroptosis as an example, emphasizing the
regulation of lncRNA on these pathways, thereby helping to fully understand the
evolution of ferroptosis in cell fate.
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WHY THIS REVIEW IS NEEDED AND WHO IT IS INTENDED
FOR
LncRNA used to be considered as transcriptional noise. With the development of
molecular biology, the regulatory role of lncRNA was identified. LncRNA affects various
physiological processes such as cell differentiation and cell death at multiple gene
expression levels. Ferroptosis, as a rapidly advancing new form of death in research over
the past decade, has continuously improved its specific molecular mechanisms. Ferroptosis
has been proven to be caused by different pathological conditions and is closely related to
the occurrence and development of many diseases. Growing studies have shown that
lncRNA seems to be able to prevent tumor occurrence by regulating ferroptosis. Although
the roles of lncRNA and ferroptosis in different diseases seem complex, the fundamental
mechanism is to affect the expression of key factors in ferroptosis, which can be beneficial
or harmful to the body. Therefore, this review summarizes and discusses the regulation of
lncRNA in the process of ferroptosis, clarifying the essential lncRNA in ferroptosis and its
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related pathways. Our review will attract pharmacists, biological scientists, and clinical
workers engaged in ncRNA and ferroptosis research to bridge the perspectives of the two
fields, and also enable researchers interested in life sciences to fully understand them.

SURVEY METHODOLOGY
Primary and secondary literature related to the topics of this review were evaluated by
searching on PubMed and Web of Science. The following terms were used individually or
in combination for search: lncRNA, ferroptosis, iron metabolism, lipid metabolism,
glutathione metabolism, Nrf2, autophagy, ferritinophagy, mitophagy, lipophagy, p53. A
preliminary screening of the identified articles was conducted to ensure they were relevant
to the topic. Bioinformatics analysis articles unverified by experiment, and studies that do
not involve molecular mechanisms are excluded from the search results.

INTRODUCTION
LncRNA is a type of transcript with a length of over 200 nucleotides, and its variety and
number are abundant (Mattick et al., 2023). Initially, it was considered to be a junk
transcript without biological function (Frankish et al., 2023). However, within the past
decade, the role of lncRNAs in the regulation of biological function was discovered
(Kopp & Mendell, 2018). In fact, many studies have shown that lncRNA acts as a crucial
regulatory factor at multiple levels of gene expression, including transcription, post-
transcription, and translation. As a result, it impacts physiological processes such as cell
differentiation, cell cycle, and cell death, etc. (Wen et al., 2020). LncRNAs are involved in
the occurrence and development of many diseases by these regulatory mechanisms,
especially in the monitoring of cell death (Alammari et al., 2024; Huang et al., 2020).

Cell death encompasses various forms, which can be divided into accidental and
regulatory cell death based on functional differences (Galluzzi et al., 2018). Accidental cell
death is triggered by accidental injury stimuli that exceed the adjustable capacity of cells.
Regulatory cell death is associated with signaling cascades involving effector
molecules, with unique biochemical, morphological, and immunological consequences,
such as necrosis, pyroptosis, lysosomal-dependent cell death, and ferroptosis, etc.,
(Galluzzi et al., 2018). Increasing evidence implies that lncRNA is closely related to
ferroptosis (Xie & Guo, 2021).

Ferroptosis was first proposed by Dixon et al. (2012) in 2012, characterized by a large
iron-dependent accumulation of lipid ROS. The initial characteristics of ferroptosis are the
loss of cysteine or the inactivation of GPX4, leading to the depletion of glutathione (GSH),
iron aggregation, and lipid peroxidation (Dixon, 2017). The accumulation of iron ions
causes specific morphological changes. Ferroptotic cells lack apoptotic morphological
features (such as cell shrinkage and membrane foaming; Conrad et al., 2016), and often
exhibit significant changes in mitochondrial ultrastructure under electron microscopy,
such as changes in mitochondrial morphology and ridge structure (Conrad et al., 2016).
After ferroptosis induction, the volume of mitochondria decreases, the number of
mitochondrial cristae decreases or is missing (Dixon et al., 2012), the density of
mitochondrial membranes increases (Yagoda et al., 2007), mitochondrial membrane
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potential increases, and mitochondrial outer membrane damage (Friedmann Angeli et al.,
2014). Athough ferroptosis inducers cause oxidative damage to cell DNA, the morphology
of the nucleus is normal, and chromatin does not condense, indicating a significant
difference between ferroptosis and apoptosis (Song et al., 2016). At the genetic level, it
manifests as an imbalance of molecules in iron, lipid, and antioxidant metabolism
processes, such as SLC7A11, GPX4, TfR1, ACSL4, etc., (Desideri, Ciccarone & Ciriolo,
2019; Manz et al., 2016) (see below).

Numerous studies have demonstrated the significant role of ferroptosis in killing tumor
cells and inhibiting tumor growth (Hassannia, Vandenabeele & Vanden Berghe, 2019).
Several tumor suppressors have been proven to make cells sensitive to ferroptosis, such as
p53, BRCA1-associated protein 1 (BAP1), Kelch like ECH-associated protein 1 (KEAP1)
and so on (Fan et al., 2017; Jiang et al., 2015; Zhang et al., 2018b). Ferroptosis has been
identified as one of the important causes of tumor cell death, particularly in cases of
pancreatic cancer, breast cancer, and non-small cell lung cancer (Ma et al., 2016; Wang
et al., 2024b; Yamaguchi, Kasukabe & Kumakura, 2018). However, ferroptosis may also
play a role in development of cancer in the context of tumor immunity (Matsushita et al.,
2015; Yang et al., 2014). Ferroptosis has been the major focus of cancer treatment research
to date. This article provides an overview of the function of lncRNA in ferroptosis.

THE FUNCTIONS AND CLASSIFICATIONS OF LNCRNA
Similar to mRNA, lncRNA is transcribed by RNA polymerase II (RNAP-II) and undergoes
termination, polyadenylation, and splicing (Mattick et al., 2023; Rinn & Chang, 2020).
According to their genomic location, lncRNAs can be categorized into five types:
intergenic, intronic, sense, antisense and bidirectional lncRNA. Their functions are
typically classified into three categories based on their mechanisms at target genes: decoy,
guide, and scaffold. In recent years, some lncRNAs have also been found to possess coding
functions (Mattick et al., 2023). Here, we briefly introduced several functions of lncRNAs
as follows.

Decoy
LncRNAs plays a significant role by acting as baits to block the expression of specific
effectors. These lncRNAs can directly bind to certain molecules such as transcriptional
regulatory factors or chromatin folding proteins, thereby preventing the protein from
functioning (McFadden & Hargrove, 2016; Zhang et al., 2018a). LncRNA mainly serve as
baits in two ways. Firstly, lncRNA can block transcription factor function by directly
binding to transcription factors, thereby inhibiting downstream gene expression (Fig. 1A).
For instance, in low levels of DNA damage, lncRNA PAND directly binds to NF-YA, a
nuclear transcription factor, and prevents the expression of apoptotic genes during DNA
damage (Hung et al., 2011). Secondly, lncRNAs can also act as sponges to absorb
microRNAs (miRNAs), and prevent miRNAs from targeting and binding to mRNA,
thereby upregulating the expression of target genes and playing a competitive endogenous
RNA (ceRNA) role (Fig. 1B) (Majumdar et al., 2024; Sengupta et al., 2024). For
example, lncRNA MT1JP is associated with gastric cancer (GC) survival. MT1JP adsorbs
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miR-92a-3p to target and regulate the expression of FBXW7, which is a tumor suppressor
molecule that plays an important role in tumor apoptosis, epithelial cell differentiation,
and drug resistance in GC (Li et al., 2016).

Guide
LncRNAs act as guiding molecules that direct specific proteins to their target locations and
carry out biological functions. They often interact with transcription factors or
RNA-binding proteins (RBPs), which recognize specific gene sequences and regulate gene
transcription (Chen et al., 2016; Zhang et al., 2018a). The impact of lncRNA is often
achieved through either cis or trans interactions. Cis action means that lncRNA affects the
expression of genes located on the same chromosome. LncRNAs located upstream and
downstream of coding proteins may intersect with other cis-acting elements of promoters
or co-expressed genes, thereby regulating gene expression at the transcriptional or
post-transcriptional level (Fig. 1C). For instance, lincRNA-p21 activates the expression of
its neighboring gene p21 and collaborates with hnRNP-K to co-activate p21 transcription.
(Ferrer & Dimitrova, 2024; Winkler et al., 2022). Conversely, trans action involves
lncRNAs leaving the transcription site after being transcribed and targeting distant
transcription activating factors or repressors to regulate genome expression or affect gene
localization in cells (Fig. 1D) (Gil & Ulitsky, 2020; Kopp &Mendell, 2018). LncRNA THRIL
forms a complex with hnRNA-L to bind to the promoter of TNF-a, thereby upregulating

Figure 1 The general mechanisms of lncRNAs. (A) LncRNA PAND directly binds to NF-YA and
prevents the expression of apoptotic genes. (B) LncRNA MT1JP adsorb miR-92a-3p to target and reg-
ulate the expression of FBXW7. (C) LincRNA-p21 activates the expression of neighboring gene p21 by
recruiting and binding to hnRNP-K. (D) LncRNA THRIL forms a complex with hnRNA-L to bind to the
promoter of TNF-a, increasing the TNF-a expression. (E) HOTAIR binds to polycomb repressive
complex 2 (PRC2) through 5′-UTR, while 3′-UTR binds to the LSD1/CoREST/REST complex. (F) The
ORF in lncRNA HCP5 encodes a protein with 132 amino acids. Template of nucleic acid element come
from SMART (https://smart.servier.com/smart_image/dna/).

Full-size DOI: 10.7717/peerj.17933/fig-1
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the TNF-a expression (Li et al., 2014). This mechanism allows lncRNAs to play a role in
the precise regulation of intracellular signaling pathway networks and participate widely in
various cellular physiological processes.

Scaffold
In addition to the two functions mentioned above, lncRNA can also act as a central
platform, promoting interactions between various molecules and proteins. The scaffold
properties allow for the assembly of different types of macromolecular complexes, and it
facilitates the aggregation and integration of information from different signaling
pathways (Jiang et al., 2018; Schmidt et al., 2019). HOTAIR binds to polycomb repressive
complex 2 (PRC2) through 5′-UTR, while 3′-UTR binds to the LSD1/CoREST/REST
complex, providing a scaffold for the binding of two different complexes (Fig. 1E). The role
enables the successful assembly of RNA-mediated PRC2 and LSD1, connecting histone
methylase and demethylase, and coordinating their targeted action on chromatin (Tsai
et al., 2010).

Translation
Previous studies have shown that a minority of lncRNAs have an open reading frame
(ORF) and may possess coding ability (Huang et al., 2017; Matsumoto et al., 2017). The
micropeptides translated from lncRNA can play a regulatory role in mitochondrial
metabolism, tumor development, and other processes by regulating related signaling
pathways, inhibiting metabolic reprogramming, etc., (Fig. 1F) (Huang et al., 2017; Zheng
et al., 2023b; Zhou et al., 2023). The ORF in lncRNA HCP5 encodes a protein with 132
amino acids, which can regulate ferroptosis and promote the progression of TNBC by
regulating glutathione peroxidase 4 (GPX4) expression and lipid ROS levels (Tong et al.,
2023a). Tumor-related proteins or peptides encoded by lncRNA may be used in
combination with conventional anticancer drugs or chemotherapy to enhance treatment
efficacy and reduce mortality. For example, the ASRPS peptide encoded by lncRNA is
essential in the malignant progression of TNBC (Wu et al., 2020), while the HOXB-AS3
peptide inhibits the of colorectal cancer (Wang et al., 2020). Wu et al. (2020) summarized
and reviewed the lncRNA and circRNA encoding peptides in tumors.

LNCRNA REGULATES THE PROCESS OF FERROPTOSIS
LncRNA and iron metabolism
Iron is an essential trace element that plays a role in systemic oxygen transport and serves
as an electron donor or acceptor in many biological functions. It is essential for
maintaining cellular metabolism and important physiological activities (Muchowska,
Varma & Moran, 2019). If cells are overloaded with iron, the free ferrous ions have strong
oxidizing properties and are prone to Fenton reaction with H2O2, producing hydroxyl
radicals that can cause oxidative damage to DNA, proteins, and membrane lipids. This
promotes lipid peroxidation reactions and damages cell membranes, ultimately leading to
cell death (Fig. 2A) (Wang et al., 2024a).
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Although iron ions dominate the process of ferroptosis, there is limited research on how
lncRNAs regulate iron metabolism. The regulation of iron metabolism is mainly centered
on the labile iron pool (LIP) capacity (Richardson, 2004). One of the main ways to regulate
the capacity of intracellular iron pools is by controlling the input of iron. Transferrin-R1
(TfR1) is essential for intracellular iron absorption, and the abnormal accumulation of
TfR1 on the cell surface serve as a specific markers of ferroptosis (Mou et al., 2019).
Research has found that lncRNA PVT1 regulates the expression of TfR1 by sponging miR-
214, thereby influencing the iron metabolism pathway (Lu, Xu & Lu, 2020). Moreover, the
synthesis of various iron-containing proteins from unstable iron in the LIP is an important

Figure 2 Molecular mechanisms and signaling pathways of ferroptosis. (A) Mechanisms of iron metabolism in ferroptosis. Iron in the circulatory
system binds to TF. During the uptake, TF binds to TfR1 on the cell membrane and then internalized into the cell. Fe3+ is released from TF and
reduced to divalent iron ions through iron reductase, which binds to DMT1 and is transported to the cytoplasm. The divalent iron in the cytoplasm
enters the transient cytosolic LIP. LIP is a chelating and redox-active iron pool that cells use for various metabolic processes or store in ferritin, the
main iron storage protein in cells. Most of the iron in ferritin is in the ferrite state (Fe3+). Excess divalent iron is transported from cells to the
circulation through FPN-1, and then oxidized by CP to trivalent iron, which binds to TF in the serum. (B) Mechanisms of lipid metabolism in
ferroptosis. The PUFA substrates AA and AdA are activated by ACSL4 to produce AA-CoA and AdA-CoA. Subsequently, AA/AdA-CoA is esterified
by LPCAT3 to form PE-AA/AdA. PE-AA/AdA is oxidized by ALOX15 to a cytotoxic lipid hydroperoxide PE-AA/AdA-OOH. (C) Mechanisms of
glutathione metabolism in ferroptosis. The synthesis process of glutathione is mainly divided into two steps. Firstly, the cells absorb cystine from the
extracellular space and output glutamate through the System Xc- in a 1:1 ratio. System Xc- is an amino acid transport system widely distributed in
the phospholipid bilayer and is a component of the antioxidant system in cells, consisting of two subunits (SLC7A11 and SLC3A2). Cystine is
converted into cysteine in the cytoplasm through a reduction reaction that consumes NADPH, and forms γGC under the action of GCL; Subse-
quently, GSS catalyzes the production of glutathione from γGC and glycine. TF, transferrin; TfR1, transferrin-R1; LIP, labile iron pool; DMT1,
divalent metal transporter 1; FPN-1, ferroportin-1; CP, ceruloplasmin; PUFA, polyunsaturated fatty acids; AA, arachidonic acid; AdA, adrenal acid;
ACSL4, acyl-CoA synthase long chain family member 4; LPCAT3, lysophosphatidylcholine acyltransferase 3; ALOX15, Arachidonic acid-15-
lipoxygenases; γGC, γ-Glutamic cysteine; GCL, Glutamic cysteine ligase; GSS, γ-Glutathione synthase. Template of cell membrane element come
from SMART (https://smart.servier.com/smart_image/cell-membrane-15/). Full-size DOI: 10.7717/peerj.17933/fig-2
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pathway for utilizing intracellular iron ions. This process may be influenced by STEAP3.
Studies have reported that in colon cancer, lncRNA STEAP3-AS1 can affect the expression
of CDKN1C and impact the cell cycle by regulating STEAP3. Decreasing the expression of
STEAP3-AS1 significantly inhibits tumor growth (Na et al., 2020). Given the function of
STEAP3 in ferroptosis, it is possible that STEAP3-AS1 also affects iron ion metabolism in
ferroptosis. It is yet to be confirmed whether reducing STEAP3-AS1 promotes the
expression of STEAP3 to induce ferroptosis. Moreover, recycling iron ions by degrading
intracellular iron-containing proteins is another way to increase the capacity of LIP in cells.
URB1-AS1 co-localizes with ferritin in the cytoplasm, and their interaction encourages
ferritin phase separation while preventing its lysosomal degradation and clearance (Gao
et al., 2023). In bladder urothelial carcinoma, MAFG-AS1 promotes deubiquitination of
PCBP2 by binding to poly(rC)-binding protein 2 (PCBP2), thereby stabilizing PCBP2.
This protein interacts with FPN-1 to facilitate iron transport (Xiang et al., 2021).
Therefore, transporting intracellular iron outside the cell is also a method to regulate and
maintain cellular iron homeostasis.

So far, it appears that lncRNA primarily functions through decoy and guidance
mechanisms, regulating iron metabolism at different stages of iron intake, utilization,
storage, and release, thus affecting ferroptosis. In previous studies, PVT1 increases TfR1
expression by binding to it, leading to ferroptosis, whereas other lncRNAs have inhibitory
effects (Lu, Xu & Lu, 2020). Different lncRNAs have varying effects on regulating
ferroptosis due to their interactions with different target molecules. In addition, lncRNAs
do not just interact with one or a few molecules during physiological processes. For
example, PVT1 can also enhance the expression of tumor suppressor p53 by absorbing
miR-214 (Lu, Xu & Lu, 2020). This multi-effector makes the regulation of biological
activities by lncRNA more intricate and precise.

LncRNA and lipid metabolism
Lipid peroxidation refers to the loss of hydrogen atoms in lipids under the action of free
radicals or lipid peroxidation enzymes, leading to the oxidation, breakage, and shortening
of lipid carbon chains (Yin, Xu & Porter, 2011). This process produces cytotoxic substances
such as lipid free radicals, lipid hydroperoxides, and active aldehydes (malondialdehyde,
4-hydroxynonenal), resulting in lipid oxidative degradation reactions that cause cell
damage (Qiu et al., 2024). Lipid peroxidation is harmful for the oxidative degradation of
two important biofilm components, polyunsaturated fatty acids (PUFA) and
phosphatidylethanolamine (PE), and poses a serious challenge to the maintenance of cell
membrane integrity (Pope & Dixon, 2023). Lipid peroxidation free radicals can
continuously participate in the oxidation process of PUFA, resulting in a cascade reaction
characteristic of PUFA’s lipid peroxidation reaction (Fig. 2B).

The research on lipid metabolism related to ferroptosis mainly focused on
enzyme-catalyzed lipid peroxidation reactions. These enzymes are crucial targets for
lncRNA regulation. Overexpression of ACSL4 leads to an increase in various PUFAs
catalytic activity, altering the composition of cellular lipids and upregulating susceptibility
to cell ferroptosis. This process is often monitored by lncRNAs through sponge action
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(Bouchaoui et al., 2023). For example, lncRNA ZFAS1 regulates the expression of ACSL4
by competitively binding with miR-7-5p, leading to an increase in ACSL4 expression, and
promoting ferroptosis in high glucose cultured human retinal endothelial cells (Liu et al.,
2022b). NEAT1 influences ACSL4 by regulating miR-34a-5p and miR-204-5p, promoting
docetaxel resistance in prostate cancer (Jiang et al., 2020). Knocking down H19 promotes
the proliferation of cerebral microvascular endothelial cells and inhibits ferroptosis by
modulating ACSL4 through sponging miR-106b-5p (Chen et al., 2021a). Furthermore,
lncRNA TUG1 in exosomes produced by human urethral-derived stem cells can regulate
ACSL4-mediated ferroptosis by interacting with SRSF1, alleviating renal ischemia/
reperfusion injury (Sun et al., 2022). The increased expression of PVT1 regulates the
progression of atherosclerosis through miR-106b/5p/ACSL4 axis (Zhang et al., 2023a).

ALOX15 is activated during the catalytic process involving Fe2+ (Pope & Dixon, 2023).
The increase of ALOX15 expression led to an upregulation in lipid hydroperoxides PE-
AA/AdA-OOH, which induces ferroptosis (Ma et al., 2022). By interfering with the
expression of lncRNA ENST000000538705.1 in human coronary artery endothelial cells,
the expression of ALOX15 is reduced, leading to alleviate myocardial injury in myocardial
infarction rats (Chen et al., 2022). This reduction may also be related to the regulation of
ferroptosis. There is limited literature on the regulation of ALOX15 by lncRNAs, and
further research is needed.

Inhibiting the expression of lipid metabolism-related enzymes reduces the
accumulation of intracellular lipid peroxides, which helps prevent ferroptosis. It seems that
the regulation of enzymes is mostly mediated by the decoy action of lncRNA, triggering
ferroptosis through the ceRNA mechanism. LncRNA TUG1 inhibits ferroptosis by
interacting with the splicing regulatory factor SR protein family, which the affects the
stability of ACSL4 mRNA (Sun et al., 2022). This is consistent with TUG1’s targeting miR-
494-3p/E-cadherin in AKI caused by ischemia/reperfusion, where TUG1 overexpression
significantly reduces kidney injury and cell apoptosis, indicating that the same molecule
can produce the same or similar effects via different mechanisms (Chen, Xu & Tan, 2021).
Although there is not much research on lncRNAs affecting lipid metabolism, further
studies in this area will reveal more effectors involved as our understanding of lipid
metabolism deepens.

LncRNA and glutathione metabolism
Glutathione is a water-soluble tripeptide composed of cysteine, glutamic acid, and glycine
residues. There are two forms of glutathione in the body, one is reducing glutathione
(GSH), and the other is oxidized glutathione (GSSG) (Lapenna, 2023). GSH is a major
antioxidant, reducing H2O2 to H2O, balancing intracellular free radical levels, and serving
as a cofactor for glutathione peroxidase 4 (GPX4) in reducing lipid hydroperoxide LOOH.
GSH repairs LOOH in the biofilm, and helps prevent ferroptosis (Lapenna, 2023).
However, when the activity of the System Xc- subunit is inhibited, leading to insufficient
cystine intake, the synthesis of glutathione is blocked, resulting in inhibited GPX4 activity,
and decreased the ability to resist lipid peroxidation (Fig. 2C) (Ye et al., 2022).
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Compared with regulating iron and lipid metabolism, the research on antioxidant
metabolism associated with ferroptosis is more thorough. These studies typically focus on
two main aspects. Firstly, lncRNA primarily regulates miRNA through the ceRNA
mechanism, causing changes in the expression of miRNA target molecules and interfering
with ferroptosis-related pathways. For instance, lncRNA OIP5-AS1 has been reported to
regulate SCL7A11 through miR-128-3p, inhibiting ferroptosis in prostate cancer cells
induced by long-term exposure to cadmium (Zhang et al., 2021). Secondly, lncRNA can
indirectly or directly modify key proteins, affect protein expression, and thereby regulate
ferroptosis. Recent research indicates that lncRNA DUXAP8 enhances the effect of
SLC7A11 and inhibits cell ferroptosis by promoting palmitoylation of SLC7A11 and
preventing lysosomal degradation of the protein (Shi et al., 2023). In the antioxidant
process, SLC7A11-AS1 has an important role, as it can target SLC7A11 to down-regulate
the expression and inhibit the invasion of ovarian cancer epithelial cells. In
testicular-derived cancer cells, SLC7A11-AS1 represses the expression of SLC7A11, thus
reducing GSH levels, increasing ROS levels, and enhancing lipid peroxidation. These
observations promote cell ferroptosis, and are closely related to male infertility (Sanei-
Ataabadi, Mowla & Nasr-Esfahani, 2020). Although reports on SLC7A11 are common,
little is known about the regulatory mechanism of SLC3A2. LncRNA SNHG1
activates the Akt pathway by regulating SLC3A2, which contributes to sorafenib resistance
(Li et al., 2019).

Regulating the anti-lipid peroxidation enzyme GPX4 is also a key strategy for regulating
ferroptosis. The mechanism by which lncRNA regulates GPX4 is sponge action. For
example, lncRNA PVT1 prevents ferroptosis in liver cancer cells by targeting miR-214-3p,
which stops the latter from binding to the 3′-UTR of GPX4 mRNA. In addition, RUNX1-
IT1 is believed to be able to promote the formation of IGF2BP1 liquid-liquid phase
separation (LLPS) biomolecular condensates by directly binding to the N6-
methyladenosine m6A reader IGF2BP1. This results in IGF2BP1 occupying more GPX4
mRNA, improving the stability of GPX4 mRNA, promoting the expression of GPX4, and
inhibiting breast cancer cell death (Wang et al., 2023a). The regulation of GPX4 by
lncRNA also occurs through translation, as seen with lnc-HCP5 (Fig. 1F) (Tong et al.,
2023a).

Compared to normal tissues, the expression levels of SCL7A11 and GPX4 are
significantly increased in tumor tissues, including colon adenocarcinoma (Cheng et al.,
2022), renal clear cell carcinoma (Zou et al., 2019), prostate cancer (Ghoochani et al., 2021),
thyroid cancer (Sekhar et al., 2022), and endometrial cancer (Chen et al., 2024). The
identified lncRNAs mostly enhance the expression of both and inhibit ferroptosis. The
expression of SNHG15 is increased in GC. It can sponge miR-24-3p to protect E2F1 and
MYC from the degradation of miR-24-3p. On the one hand, E2F1 and MYC can activate
the expression of SNHG15, forming positive feedback and promoting the occurrence of
gastric cancer. On the other hand, SNHG15 competitively binds to hnRNPA1 to prevent
its mRNA degradation, stabilize SLC7A11 mRNA, and inhibit ferroptosis (Duan et al.,
2024). It is suggested that SCL7A11 and GPX4, may be oncogenes. Cancer cells often
prevent ferroptosis and promote cell survival by upregulating the expression of these
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Table 1 LncRNAs involve in the regulation of SLC7A11 and GPX4.

Molecules LncRNAs Mechanisms Cell resources Effect on
ferroptosis

Reference

SLC7A11 BBOX1-AS1 Regulating SCL7A11 expression through sponge action of
miR-513a-3p.

Esophageal
squamous cell
cancer

Contributory Pan et al. (2022)

SLC7A11-AS1 Directly targeting SLC7A11 to downregulate the
expression.

Colorectal cancer Contributory Wang et al. (2023b)

SLC16A1-AS1 Promoting the expression of SLC7A11 via the inhibition
of miR-143-3p by ceRNA mechanism.

Renal cell carcinoma Contributory Li et al. (2022)

HEPFAL Promoting the ubiquitination of SLC7A11 and reduce its
stability.

Hepatocellular
carcinoma

Contributory Zhang et al. (2022a)

PMAN Increasing the stability of SLC7A11 mRNA by promoting
the distribution of ELAVL1 in the cytoplasm.

Gastric cancer Contributory Lin et al. (2022)

NEAT1 Competitively binding miR-150-5p, which directly binds
to BAP1 to regulate the expression of SLC7A11.

SK-N-SH cells Contributory Zhao et al. (2022)

SNHG14 Targeting miR-206 to regulate the expression of SLC7A11
via sponge action.

Osteosarcoma Inhibitory Li et al. (2023c)

LINC00578 Binding ubiquitin ligase E2K to reduce ubiquitination of
SLC7A11

Pancreatic cancer Inhibitory Li et al. (2023a)

LINC00618 Reducing the expression of lymphoid specific hepatitis
(LSH), which can accumulate to the SLC7A11 promoter
region and enhance the transcription of SLC7A11.

Leukemia cells Inhibitory Wang et al. (2021a)

DUXAP8 Promoting palmitoylation of SLC7A11 and preventing
lysosomal degradation of the protein.

Hepatocellular
carcinoma

Inhibitory Shi et al. (2023)

FLVCR1-AS1 Inhibiting the role of miR-23a-5p as ceRNA to promote
the expression of SLC7A11.

Cervical cancer Inhibitory Zhou et al. (2022)

OIP-AS1 Regulating SCL7A11 through sponge action of miR-128-
3p.

Prostate cancer Inhibitory Zhang et al. (2021)

Uc.339 Competitively binding to pri-miR-339 to inhibit the
production of mature miR-339 and promoting
SLC7A11 expression.

Lung
adenocarcinoma

Inhibitory Zhang et al. (2022b)

PCAT1 Improving the stability of c-Myc protein and promoting
the transcription of SLC7A11

Prostatic cancer Inhibitory Jiang et al. (2022)

DLEU1 Promoting the degradation of ATF3 mRNA by binding
with ZFP36, thereby upregulating the expression of
SLC7A11

Glioblastoma Inhibitory Zhao et al. (2023)

AGAP2-AS1 Increasing mRNA stability of SLC7A11 through the
IGF2BP2 pathway

Melanoma Inhibitory An et al. (2022)

GPX4 OTUD6B-AS1 Binding to HuR to stabilize TRIM16 mRNA, which
promotes the ferroptosis mediated by GPX4

Colorectal cancer Contributory Zhang et al. (2023b)

MEG3 Reducing the binding of p53 to GPX4 promoter by
directly targeting p53, thereby promoting ferroptosis

RBMVECs Contributory Chen et al. (2021b)

PVT1 Directly interacting with miR-214-3p to suppress the
binding of miR-214-3p and 3′ UTR of GPX mRNA

Liver cancer Inhibitory He et al. (2021)

linc00976 Regulate GPX4 expression by competitive binding with
miR-3202

Cholangiocarcinoma Inhibitory Lei et al. (2022)

LINC01134 Promoting Nrf2 recruitment to the GPX4 promoter
region to exert transcriptional regulation of GPX4

Hepatocarcinoma Inhibitory Kang et al. (2022)
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molecules. This suggests that tumors can be treated by developing drugs targeting these
targets or corresponding lncRNA molecules (see later). The lncRNAs involved in GPX4
and SLC7A11 regulation and their mechanisms are summarized in Table 1.

LNCRNA REGULATES THE FERROPTOSIS RELATED
PROCESSES
Multiple signaling pathways can regulate ferroptosis by influencing iron metabolism, lipid
metabolism, and antioxidant metabolism (Hassannia, Vandenabeele & Vanden Berghe,
2019). At present, the signal pathways reported in the literature mainly focus on Nrf2,
autophagy, and p53, while other pathways such as Notch and the cell cycle are occasionally
reported. Understanding the regulatory mechanisms of these pathways contributes to a
comprehensive understanding of how ferroptosis affects cell fate. A review of related
pathways is as follows.

Nrf2 pathway
One of the characteristics of ferroptosis is the accumulation of a large amount of
intracellular lipid ROS when the cell’s antioxidant capacity decreases (Pope & Dixon,
2023). The antioxidant system plays a crucial role in ferroptosis. As a key transcription
factor regulating antioxidant stress, downstream genes of n Nuclear Factor erythroid 2-
Related Factor 2 (Nrf2/NEF2L2) include NADPH, HO-1, SLC7A11/xCT, NADPH
quinone oxidoreductase 1 (NQO1), thioredoxin 1, phase II detoxifying enzymes (such as
GSH S-transferase, UDP glucuronosyltransferase, GPX4, GSH reductase, and GCLc and
GCLm) and so on (Osama et al., 2020). Due to the crucial role of Nrf2 in antioxidant
activity, it has regulatory effects on many key molecules involved in ferroptosis.

LncRNAs can regulate multiple levels, including Nrf2 expression (Fig. 3). The
competitive binding of lncRNA SNAI3-AS1 to SND1 disrupts the m6A-dependent
recognition of 3′-UTR in Nrf2 mRNA by SND1, ultimately reducing the mRNA stability of
Nrf2 and promoting ferroptosis in gliomas (Zheng et al., 2023a). Additionally, there are
reports indicating that Nrf2 can directly or indirectly regulate the expression and function
of crucial molecules in ferroptosis. Nrf2 can directly bind to the promoter of the SLC7A11

Table 1 (continued)

Molecules LncRNAs Mechanisms Cell resources Effect on
ferroptosis

Reference

ADAMTS9-AS1 Inhibiting GPX4 expression via the ceRNA action of miR-
6516-6p

Endometrial stromal
cells

Inhibitory Wan et al. (2022)

HCG18 Adsorbing miR-450b-5p as a sponge to promotes GPX4
expression

Hepatocellular
carcinoma

Inhibitory Li et al. (2023d)

RUNX-IT1 Directly binding to N6-methyladenosine m6A reader
IGF2BP1 and promoting the formation of liquid-liquid
phase separated biomolecular condensates, improving
the stability of GPX4 mRNA

Breast cancer Inhibitory Wang et al. (2023a)
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subunit to promote the expression of SLC7A11 (Habib et al., 2015). It also controls the
catalysis of GPX4, GCL, glutathione reductase, and GSS, as well as the regulation of their
subunits. For example, LINC01134 can promote Nrf2 to the GPX4 promoter region,
enhance GPX4 expression, and inhibit ferroptosis in HCC cells (Kang et al., 2022).
Furthermore, lncRNA can impact the degradation of Nrf2. The lncRNA SLC7A11-AS1
can promote the chemoresistance in pancreatic cancer cells by blocking the degradation of
Nrf2 mediated by SCF (Yang et al., 2020). Moreover, it has been observed that LINC00239
promotes the proliferation of colorectal cancer cells by interacting with Keap1, leading to
instability of the Keap1/Nrf2 complex. By inhibiting the ubiquitination of Nrf2 protein, it
enhances the stability of Nrf2 protein, promotes CRC invasion, and promotes LINC00239
transcription in a positive feedback manner (Han et al., 2022).

According to recent studies, ferroptosis inducers RSL3 and ML-162 activate the
endoplasmic reticulum (ER)-related pathways through the PERK-ATF4-SESN2 axis. This
leads to an increase in p62 expression (Shin et al., 2018). P62 then inactivates Keap1, while
Nrf2 is activated through the interaction between p62-Keap1. As a result, Nrf2 promotes
the association with iron and antioxidant system ARE, which leads to a decrease in LIP

Figure 3 Regulation of Nrf2 transcription machinery through lncRNAs involves in ferroptosis. The
activity of Nrf2 is strictly regulated by Keap1. Keap1 passively separates Nrf2 from the cytoplasm, and
plays a positive role in targeting Nrf2 for ubiquitination and proteasome degradation. Under normal
circumstances, Nrf2 binds to Keap1 and is inactivated due to ubiquitination and degradation in pro-
teasomes. Once the cell is in an oxidative stress state, Nrf2 will be released from the Keap1 binding site
and rapidly translocated into the nucleus. It then interacts with the antioxidant response element (ARE)
in the target gene promoter, activating the transcription pathway to balance oxidative stress and maintain
the cell’s redox homeostasis. SNAI3-AS1 reduces the mRNA stability of Nrf2. LINC00239 interacts with
Keap1 to disrupt the Keap1/Nrf2 complex. SLC7A11-AS1 blocks the degradation of Nrf2. LINC01134
promotes Nrf2 to the GPX4 promoter region, enhances GPX4 expression. Template of nucleic acid
element come from SMART (https://smart.servier.com/smart_image/dna/).

Full-size DOI: 10.7717/peerj.17933/fig-3
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(Shin et al., 2018). These observations suggest that Nrf2 may play a role in regulating the
process of ferroptosis by cross-linking with autophagy and ER stress.

Autophagy
Autophagy is the cellular process by which cells remove and degrade unused proteins and
cellular components, as well as damaged organelles, through lysosomes. Depending on the
different substrates degraded during autophagy, autophagy can be categorized into
mitophagy, pexophagy, lipophagy, ferritinophagy, and so on (Levine & Kroemer, 2019).
Previous reports have suggested that ferritinophagy may contribute to ferroptosis.

Ferritinophagy is a selective degradation process targeting ferritin. Previous studies have
shown that increased ferritin levels can inhibit ferroptosis, while ferritinophagy can
promote ferroptosis by degrading ferritin and releasing free iron ions from the ferritin
heavy chain 1 (FTH1) (Jin et al., 2023a). LncRNA CACNA1G-AS1 has been found to
upregulate the expression of FTH1 through the IGF1BP2 axis, regulate ferritinophagy to
suppress ferroptosis, and ultimately promoting the proliferation and migration of ovarian
cancer cells (Jin et al., 2023b). Despite ferritin’s crucial role in iron homeostasis regulation,
there are limited reports on the adjustment of ferroptosis by lncRNA via ferritin.

Interestingly, mitophagy and lipophagy may also be cross-linked with ferroptosis.
Mitophagy seems to have a bidirectional regulatory effect on ferroptosis. In the early stages
of iron overload, mitophagy can protect cells by preventing the release of ROS from
dysfunctional mitochondria (Li et al., 2023b). However, excessive mitophagy might lead to
increased iron levels, which can amplify lipid peroxidation and ultimately trigger
ferroptosis (Rademaker et al., 2022; Yang et al., 2023a). Research has reported that
overexpression of MEG3 inhibits the expression of Rac1 by interacting with Rac1’s 3′UTR,
reducing the generation of ROS. MEG3 can prevent co-localization of Rac1 and FUNDC1,
enhancing FUNDC1-mediated mitophagy (Bi et al., 2024; Wang et al., 2021b).
Additionally, overexpression of TMEM161B-AS1 downregulates the expression of
FANCD2 by playing a sponge role in regulating miR-27a-3p, and regulating ferroptosis in
glioma cells. FANCD2 is a key repair factor in DNA repairing, and takes part in the
mitophagy via the interaction with Parkin to clear the damaged mitochondria (Sumpter
et al., 2016). Although the role of lncRNA in mitophagy has gained significant attention,
the mechanism of its cross-linking effect in ferroptosis has not yet been fully elucidated.

Lipophagy is a unique selective autophagy that targets lipid droplets and regulates
cellular lipid levels. Lipophagy promotes ferroptosis by reducing lipid storage and
promoting lipid peroxidation (Lan et al., 2023; Liang, Minikes & Jiang, 2022). Knocking
down the lipid drop cargo receptor RAB7A can prevent TSL3-induced lipid peroxidation
and subsequent ferroptosis (Bai et al., 2019). There are literature reports that upregulated
TMEM147-AS1 competitively binds to has-let-7 through the ceRNA mechanism, leading
to continuous phosphorylation of GSK3β and nuclear translocation of β-catenin (Shao
et al., 2023). Although it has not been studied whether TMEM147-AS1 regulates the
process of ferroptosis, GSK3β/β-catenin has been proven to regulate ferroptosis (Liu et al.,
2022a). These studies indicate that the balance between lipid storage and degradation is
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closely related to the cell’s response to ferroptosis, and targeting the lipophagy pathway
may be one of the new strategies for inhibiting ferroptosis.

p53 pathway
As an important tumor suppressor protein, p53 exerts tumor-suppressive function by
selectively regulating many targeted genes to adjust basic cellular responses (Liu et al.,
2024). In normal cells, the expression of p53 protein is usually maintained at a low level.
Once activated, p53 binds to the p53-responsive element in the target gene to
transcriptionally regulate gene expression, thereby affecting various cellular responses,
including apoptosis, DNA repair, antioxidant defense, cell cycle arrest, autophagy, and
ferroptosis (Jiang et al., 2015; Liu et al., 2024). According to reports, p53 binds to the
promoter region of the RNA binding protein ELAVL1 (ELAV type RNA binding protein
1) to inhibit the expression of ELAVL1. ELAVL1 can bind and stabilize LINC00336. In
lung cancer cells, LINC00336 acts as a sponge for miR-6852, thereby enhancing
cystathionine β synthetase (CBS) activity, the marker of ferroptosis to sulfur pathway, to
repress ferroptosis (Wang et al., 2019a). In terms of lipid metabolism and antioxidant
metabolism, PELATON (LINC01272) can form a complex by binding the RNA binding
protein EIF4A3 to p53, and act as a ferroptosis inhibitor through mutant p53 mediated
ROS ferroptosis pathway. This inhibition involves reducing ROS production, reducing the
level of divalent iron ions, promoting the expression of SLC7A11, and suppressing the
expression of ACSL4 and Cox2 (Fu et al., 2022). The first and 871st nucleotides in lncRNA
P53RRA bind to the RMM interaction region of Ras GTPase-activating protein-binding
protein 1 (G3BP1) to form a complex. This complex replaces p53 in G3BP1, preventing
G3BP1 from intercepting p53 in the cytoplasm. Consequently, this promotes more p53 to
enter the nucleus and activating the p53 signaling pathway, possibly inducing ferroptosis
by affecting the transcription of metabolic-related genes SLC1A5, SLC7A11, SLC2A4, etc.,
(Mao et al., 2018). These research confirm that p53 can induce ferroptosis by regulating
lncRNA. It is also influenced by many ncRNAs, participating in the regulation of iron
metabolism, lipid metabolism, and antioxidant metabolism processes.

Others processes
Ferroptosis is often closely related to tumors. These key molecules involve physiological
processes such as the Notch pathway and cell cycle. However, the exact mechanism is still
unclear. The most common is that lncRNAs act as decoys, affecting miRNA or circRNA
through ceRNA effects. This, in turn, affects the expression of key molecules related to
each pathway and regulates cellular biological processes. Inhibiting lncRNA MEG8 can
upregulate miR-497-5p, thus inhibiting the expression of Notch2 and inducing ferroptosis
in vascular endothelial cells (Ma et al., 2021a). In high glucose (HG) treated
cardiomyocytes, ZFAS1 regulates the expression of miR-150-5p. MiR-150-5p can salvage
the expression of CCND2, while its inhibition reduces mitochondrial membrane potential
and CCND2 expression, indicating that ZFAS1 can restrain ferroptosis by targeting miR-
150-5p (Ni et al., 2021). AC005332.7 can regulate CCND2 and affect cell cycle by binding
to miR-331-3p, thereby inhibiting ferroptosis in AC16 cells under oxygen and glucose
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deprivation conditions (Dai et al., 2023). LncRNA exerts a decoy effect through the ceRNA
mechanism to regulate the expression of key molecules, which seems to be the main way in
which lncRNA regulates ferroptosis and related physiological processes. The rapid
development of scientific research has enriched and deepened the understanding of
ferroptosis and lncRNAs. Due to space constraints, we are unable to cover all the research
and have only sorted and reviewed the main information. Links between ferroptosis and
other cellular physiological activities have fully confirmed the crucial role of ferroptosis in
cell fate. The elucidation of the crosstalk between ferroptosis and these pathways can help
us further understand programmed cell death.

PROSPECT
Ferroptosis is closely related to the occurrence and development of many diseases, and can
be triggered by different pathological conditions (Doll et al., 2017; Wang et al., 2019b).
Many tumor suppressors have been proven to make cells sensitive to ferroptosis, such as
p53, tumor suppressor BRCA1-related protein 1 (BAP1) (Zhang et al., 2018b), KEAP1
(Han et al., 2022), etc. Ferroptosis has been identified as one of the important causes of
tumor cell death, such as non-small cell lung cancer (Wang et al., 2024b), breast cancer
(Tong et al., 2023a), and pancreatic cancer (Rademaker et al., 2022). However, ferroptosis
may also play a role in development of cancer in the context of tumor immunity. For
example, CD36 mediates the uptake of fatty acids by tumor infiltrating CD8+ T cells in the
tumor microenvironment, while increased expression of CD36 can induce lipid
peroxidation and ferroptosis in CD8+ T cells, thereby inhibiting anti-tumor immunity
(Han et al., 2024;Ma et al., 2021b). In this case, inhibiting CD36 expression or preventing
ferroptosis of CD8+ T cells can effectively restore anti-tumor activity. Nonetheless, some
lncRNAs have been shown to have the potential as disease biomarkers and therapeutic
targets due to their stability and accessibility, without the limitation of invasive acquisition
methods (Jin, Huang & Tian, 2024; Lekva et al., 2024; Trevisani et al., 2022). Targeting
lncRNA may serve as one of the tumor inhibition mechanisms by which cells exert tumor
suppressive effects to clear malignant transformed cells, creating new opportunities for
tumor diagnosis, treatment, and intervention.

Exploring the different mechanisms by which lncRNA regulates ferroptosis can help
develop promising new therapeutic strategies. Unlike mRNA and miRNA, the primary
sequence of lncRNA exhibits little conservation (Kutter et al., 2012). LncRNA binds to
target genes through complementary base pairing to directly regulate the transcriptional
translation of target genes or indirectly regulate the transcriptional translation of upstream
or downstream genes of target genes (such as decoy function) (Majumdar et al., 2024; Na
et al., 2020). This means that although many studies have shown that lncRNA functions by
a mechanism similar to ceRNA via primary structure, the low sequence conservation poses
a huge challenge for the targeting of these lncRNAs.

The difference is that the secondary and tertiary structures of lncRNA are highly
conserved (Nitsche & Stadler, 2017). The secondary structure of lncRNA can regulate the
state of chromatin, thereby affecting gene expression. For example, steroid receptor RNA
activator lncRNA (lncRNA-SRA) is a kind of lncRNA related to breast cancer, which can
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Table 2 Mechanisms and structures of lncRNAs in the regulation of key molecules in ferroptosis.

Processes Molecules lncRNAs Actions Mechanisms Reference

Iron
metabolism

TfR1 PVT1 Primary PVT1 exerts sponge effect to adsorb miR-214 and upregulates
TFR1 expression.

Lu, Xu & Lu (2020)

STEAP3 STEAP3-AS1
(Undefined)

Primary Regulating its adjacent STEAP3 to affect the expression of
CDKN1C in cis, thereby influencing the cell cycle.

Na et al. (2020)

FPN-1 MAFG-AS1 Secondary Recruiting UCHL5 and binding to poly(rC)-binding protein 2
(PCBP2) to deubiquitinate PCBP2, and promote iron
transport.

Xiang et al. (2021)

FTH1 URB1-AS1 Secondary Binding with ferritin, promoting liquid-liquid phase
separation, and reducing free iron ions.

Gao et al. (2023)

LINC00152 Primary Increasing mRNA stability of PDE4D by binding to PDE4D
3′-UTR, and preventing ferroptosis

Saatci et al. (2024)

Lipid
metabolism

ALOX15 ENST00000538705.1 Undefined Undefined Chen et al. (2022)

ACSL4 ZFAS1 Primary Competitive binding with miR-7-5p to regulate ACSL4
expression.

Liu et al. (2022b)

NEAT1 Primary Competitive binding with miR-34a-5p and miR-204-5p to
regulate ACSL4 expression

Jiang et al. (2020)

PVT1 Primary Competitive binding with miR-106b-5p to regulate ACSL4
expression

Zhang et al. (2023a)

TUG1 Secondary Regulating the stability of ACSL4 mRNA by interacting with
RNA binding protein SRSF1

Sun et al. (2022)

Anti-oxidation
metabolism

GPX4 TMEM44-AS1 Secondary Binding to IGF2BP2 enhances the stability of GPX4 mRNA. Yang et al. (2023b)

MEG3 Secondary Binding to PTBP1 to degrade GPX4. Zhang et al. (2024)

SLC7A11 SNHG15 Secondary Competitive binding to HNRNPA1 to prevent SLC7A11
mRNA degradation.

Duan et al. (2024)

LncRNA-casc2 Secondary Targeting FMR1 and increasing the stability of SOCS2 mRNA
to promote ubiquitination degradation of SLC7A11.

Wang et al. (2024c)

ROR1-AS1 Secondary Enhancing the stability of SLC7A11 mRNA through
interaction with IGF2BP1.

Yao et al. (2024)

Nrf2 pathway Nrf2 PSMA3-AS1 Primary Competitively binding to miR-224-3p downregulates Nrf2
expression.

Qiu et al. (2023)

SNAI3-AS1 Secondary Competitively binding to SND1 to interfere with the m6A
dependent recognition of 3′-UTR in Nrf2 mRNA by SND1.

Zheng et al. (2023a)

LINC01134 Secondary Promoting the recruitment of Nrf2 to the GPX4 promoter. Kang et al. (2022)

SLC7A11-AS1 Secondary Interacting with β-TRCP1, and blocking SCFβ-TRCP-
mediated ubiquitination, thereby degrading Nrf2 protein.

Yang et al. (2020)

LINC00239 Secondary Interacting with Keap1 to enhance the stability of Nrf2 protein
by inhibiting its ubiquitination.

Han et al. (2022)

Ferritinophagy NCOA4 Lnc-HZ06 Secondary Promoting SUMOylation of HIF-1a by inhibiting SENP1-
mediated deSUMOylation, and further inducing ferroptosis
via NCOA4.

Tian et al. (2024)

Angptl4 Mir22hg Secondary Enhancing the stability of Angptl4 mRNA by recruiting
YTHDC1.

Deng et al. (2024)

FTH1 CACNA1G-AS1 Secondary Upregulating FTH1 expression through IGF1BP2 axis,
regulating ferritin autophagy.

Jin et al. (2023b)

Mitophagy Rac1 MEG3 Primary Interacting with 3′-UTR of Rac1 mRNA to inhibit the
expression of Rac1, thereby enhancing FUNDC1-mediated
mitophagy.

Wang et al. (2021b)
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activate several sex hormone receptors and has highly conserved helix, terminal ring and
bulge in many species (Novikova, Hennelly & Sanbonmatsu, 2012). Another example is
HOTAIR, which functions as a scaffold through its secondary structure (see above)
(Tsai et al., 2010). LncRNA can also form special tertiary structures to perform functions.
For instance, the lncRNA maternal expression gene 3 (MEG3) contains three predicted
structural motifs that are conserved across its multiple subtypes (Zhang et al., 2010). Two
of these three motifs are necessary for activating the tumor suppressor p53, while the other
is involved in inhibiting DNA synthesis (Uroda et al., 2019; Zhu et al., 2015). Chillon &
Marcia (2020) reviewed the relevant advances in the structure and function of lncRNA.
The secondary and tertiary structures of lncRNA can reveal information about possible
interaction partners and transcriptional functions.

In the process of ferroptosis, we summarized the regulatory molecules and mechanisms
of key pathways (Table 2), such as SLC7A11, TFR1, etc., in iron ion metabolism. The
mechanism action of most lncRNAs is exerted through the primary structure (by sponge
effect). Some lncRNAs can also function in a secondary structure through signal or
scaffold. In fact, small molecules that bind to RNA targets have been developed for use as
bioactive degradation agents, selectively downregulating pathogenic RNA (Tong et al.,
2023b). However, the regulation of ncRNAs by key molecules of ferroptosis seems to be
diverse, and there may be compensatory mechanisms among them. In addition, the
high-resolution structure of lncRNAs is still in its early stages, and the molecular level
details of the mechanism of lncRNAs are not yet clear, so their structure function
relationship has not been determined (Spokoini-Stern et al., 2020; Uroda et al., 2020).
There are still many issues in the process of targeting lncRNA as a tumor suppressive
mechanism for clearing malignant transformed cells. On the one hand, although RNA
structure detection methods in vitro have developed rapidly, the lncRNA in vivo is usually
different from that in vitro with stronger dynamics (Chen, 2022; Martens et al., 2021). On
the other hand, the ability to penetrate cells on targeted molecules severely challenges their
application in vivo. Although we have continuously enriched our research on ferroptosis

Table 2 (continued)

Processes Molecules lncRNAs Actions Mechanisms Reference

p53 pathway p53 LINC00336 Primary Acting as a sponge for miR-6852 to enhance the activity of
cysteine β-synthase (CBS).

Wang et al. (2019a)

PELATON Secondary Binding with EIF4A3 and p53 to inhibit ferroptosis. Fu et al. (2022)

ITGB2-AS1 Secondary Inhibition of p53 expression by increasing NAMPT expression
through binding with FOSL2.

Chen et al. (2023)

Notch
pathway

Notch2 MEG8 Primary Sponging with miR-497-5p expression to regulate NOTCH2
expression.

Ma et al. (2021a)

FANCD2 TMEM161B-AS1 Primary Downregulating the expression of FANCD2 and CD44 by
exerting sponge effects to regulate miR-27a-3p.

Chen et al. (2021c)

Cell cycle CCND2 ZFAS1 Primary sponge with miR-150-5pto regulate the expression of CCND2. Ni et al. (2021)
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and its regulatory mechanisms, utilizing it as a weapon still requires addressing the
structure of lncRNA, which still has a long way to go.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Natural Science Foundation of Hunan Province (No.
2022JJ40367), the Research Foundation of Education Bureau of Hunan Province
(21B0435), and the Hunan Province College Students’ Research, Learning, and Innovative
Experiment Project (No. S202210555308, and X202310555115). The funders had no role
in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Natural Science Foundation of Hunan Province: 2022JJ40367.
Research Foundation of Education Bureau of Hunan Province: 21B0435.
Hunan Province College: S202210555308 and X202310555115.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
. Yating Wen conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

. Wenbo Lei analyzed the data, authored or reviewed drafts of the article, and approved the
final draft.

. Jie Zhang performed the experiments, prepared figures and/or tables, and approved the
final draft.

. Qiong Liu performed the experiments, prepared figures and/or tables, and approved the
final draft.

. Zhongyu Li conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

This review article does not include experimental data or code.

REFERENCES
Alammari F, Al-Hujaily EM, Alshareeda A, Albarakati N, Al-Sowayan BS. 2024. Hidden

regulators: the emerging roles of lncRNAs in brain development and disease. Frontiers in
Neuroscience 18:1392688 DOI 10.3389/fnins.2024.1392688.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 18/30

http://dx.doi.org/10.3389/fnins.2024.1392688
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


An L, Huang J, Ge S, Zhang X, Wang J. 2022. lncRNA AGAP2-AS1 facilitates tumorigenesis and
ferroptosis resistance through SLC7A11 by IGF2BP2 pathway in melanoma. Computational and
Mathematical Methods in Medicine 2022(3):1972516 DOI 10.1155/2022/1972516.

Bai Y, Meng L, Han L, Jia Y, Zhao Y, Gao H, Kang R, Wang X, Tang D, Dai E. 2019. Lipid
storage and lipophagy regulates ferroptosis. Biochemical and Biophysical Research
Communications 508(4):997–1003 DOI 10.1016/j.bbrc.2018.12.039.

Bi Y, Liu S, Qin X, Abudureyimu M, Wang L, Zou R, Ajoolabady A, Zhang W, Peng H, Ren J,
Zhang Y. 2024. FUNDC1 interacts with GPx4 to govern hepatic ferroptosis and fibrotic injury
through a mitophagy-dependent manner. Journal of Advanced Research 55(23):45–60
DOI 10.1016/j.jare.2023.02.012.

Bouchaoui H, Mahoney-Sanchez L, Garcon G, Berdeaux O, Alleman LY, Devos D, Duce JA,
Devedjian JC. 2023. ACSL4 and the lipoxygenases 15/15B are pivotal for ferroptosis induced by
iron and PUFA dyshomeostasis in dopaminergic neurons. Free Radical Biology and Medicine
195(16):145–157 DOI 10.1016/j.freeradbiomed.2022.12.086.

Chen LL. 2022. Towards higher-resolution and in vivo understanding of lncRNA biogenesis and
function. Nature Methods 19(10):1152–1155 DOI 10.1038/s41592-022-01626-9.

Chen H, Huang S, Guan F, Han S, Ye F, Li X, You L. 2022. Targeting circulating lncRNA
ENST00000538705.1 relieves acute coronary syndrome via modulating ALOX15. Disease
Markers 2022:8208471 DOI 10.1155/2022/8208471.

Chen ZZ, Huang L, Wu YH, Zhai WJ, Zhu PP, Gao YF. 2016. LncSox4 promotes the self-renewal
of liver tumour-initiating cells through Stat3-mediated Sox4 expression. Nature
Communications 7(1):12598 DOI 10.1038/ncomms12598.

Chen C, Huang Y, Xia P, Zhang F, Li L, Wang E, Guo Q, Ye Z. 2021b. Long noncoding RNA
Meg3 mediates ferroptosis induced by oxygen and glucose deprivation combined with
hyperglycemia in rat brain microvascular endothelial cells, through modulating the p53/GPX4
axis. European Journal of Histochemistry 65(3):3224 DOI 10.4081/ejh.2021.3224.

Chen H, Wang L, Liu J, Wan Z, Zhou L, Liao H, Wan R. 2023. LncRNA ITGB2-AS1 promotes
cisplatin resistance of non-small cell lung cancer by inhibiting ferroptosis via activating the
FOSL2/NAMPT axis. Cancer Biology & Therapy 24(1):2223377
DOI 10.1080/15384047.2023.2223377.

Chen B, Wang H, Lv C, Mao C, Cui Y. 2021a. Long non-coding RNA H19 protects against
intracerebral hemorrhage injuries via regulating microRNA-106b-5p/acyl-CoA synthetase long
chain family member 4 axis. Bioengineered 12(1):4004–4015
DOI 10.1080/21655979.2021.1951070.

Chen Q, Wang W, Wu Z, Chen S, Chen X, Zhuang S, Song G, Lv Y, Lin Y. 2021c. Over-
expression of lncRNA TMEM161B-AS1 promotes the malignant biological behavior of glioma
cells and the resistance to temozolomide via up-regulating the expression of multiple
ferroptosis-related genes by sponging hsa-miR-27a-3p. Cell Death Discovery 7(1):311
DOI 10.1038/s41420-021-00709-4.

Chen L, Xu JY, Tan HB. 2021. LncRNA TUG1 regulates the development of ischemia-reperfusion
mediated acute kidney injury through miR-494-3p/E-cadherin axis. Journal of Inflammation
(Lond) 18(1):12 DOI 10.1186/s12950-021-00278-4.

Chen SJ, Zhang J, Zhou T, Rao SS, Li Q, Xiao LY, Wei ST, Zhang HF. 2024. Epigenetically
upregulated NSUN2 confers ferroptosis resistance in endometrial cancer via m(5)C
modification of SLC7A11 mRNA. Redox Biology 69(10023):102975
DOI 10.1016/j.redox.2023.102975.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 19/30

http://dx.doi.org/10.1155/2022/1972516
http://dx.doi.org/10.1016/j.bbrc.2018.12.039
http://dx.doi.org/10.1016/j.jare.2023.02.012
http://dx.doi.org/10.1016/j.freeradbiomed.2022.12.086
http://dx.doi.org/10.1038/s41592-022-01626-9
http://dx.doi.org/10.1155/2022/8208471
http://dx.doi.org/10.1038/ncomms12598
http://dx.doi.org/10.4081/ejh.2021.3224
http://dx.doi.org/10.1080/15384047.2023.2223377
http://dx.doi.org/10.1080/21655979.2021.1951070
http://dx.doi.org/10.1038/s41420-021-00709-4
http://dx.doi.org/10.1186/s12950-021-00278-4
http://dx.doi.org/10.1016/j.redox.2023.102975
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


Cheng X, Wang Y, Liu L, Lv C, Liu C, Xu J. 2022. SLC7A11, a potential therapeutic target through
induced ferroptosis in colon adenocarcinoma. Frontiers in Molecular Biosciences 9:889688
DOI 10.3389/fmolb.2022.889688.

Chillon I, Marcia M. 2020. The molecular structure of long non-coding RNAs: emerging patterns
and functional implications. Critical Reviews in Biochemistry and Molecular Biology
55(6):662–690 DOI 10.1080/10409238.2020.1828259.

Conrad M, Angeli JP, Vandenabeele P, Stockwell BR. 2016. Regulated necrosis: disease relevance
and therapeutic opportunities. Nature Reviews Drug Discovery 15(5):348–366
DOI 10.1038/nrd.2015.6.

Dai R, Yang X, He W, Su Q, Deng X, Li J. 2023. LncRNA AC005332.7 inhibited ferroptosis to
alleviate acute myocardial infarction through regulating miR-331-3p/CCND2 axis. Korean
Circulation Journal 53(3):151–167 DOI 10.4070/kcj.2022.0242.

Deng W, Zhong L, Ye S, Luo J, Ren G, Huang J, Zhuang X. 2024. Mir22hg facilitates
ferritinophagy-mediated ferroptosis in sepsis by recruiting the m6A reader YTHDC1 and
enhancing Angptl4 mRNA stability. Journal of Bioenergetics and Biomembranes 56(4):405–418
DOI 10.1007/s10863-024-10022-1.

Desideri E, Ciccarone F, Ciriolo MR. 2019. Targeting glutathione metabolism: partner in crime in
anticancer therapy. Nutrients 11(8):1926 DOI 10.3390/nu11081926.

Dixon SJ. 2017. Ferroptosis: bug or feature? Immunological Reviews 277(1):150–157
DOI 10.1111/imr.12533.

Dixon SJ, Lemberg KM, Lamprecht MR, Skouta R, Zaitsev EM, Gleason CE, Patel DN,
Bauer AJ, Cantley AM, Yang W Seok, Morrison B 3rd, Stockwell BR. 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, Proneth B, Tyurina YY, Panzilius E, Kobayashi S, Ingold I, Irmler M, Beckers J,
Aichler M, Walch A, Prokisch H, Trumbach D, Mao G, Qu F, Bayir H, Fullekrug J,
Scheel CH, Wurst W, Schick JA, Kagan VE, Angeli JP, Conrad M. 2017. ACSL4 dictates
ferroptosis sensitivity by shaping cellular lipid composition. Nature Chemical Biology
13(1):91–98 DOI 10.1038/nchembio.2239.

Duan Y, Yan Y, Fu H, Dong Y, Li K, Ye Z, Dou Y, Huang B, Kang W, Wei GH, Cai Q, Xu D,
Zhou D. 2024. SNHG15-mediated feedback loop interplays with HNRNPA1/SLC7A11/GPX4
pathway to promote gastric cancer progression. Cancer Science 115(7):2269–2285
DOI 10.1111/cas.16181.

Fan Z, Wirth AK, Chen D, Wruck CJ, Rauh M, Buchfelder M, Savaskan N. 2017. Nrf2-Keap1
pathway promotes cell proliferation and diminishes ferroptosis. Oncogenesis 6(8):e371
DOI 10.1038/oncsis.2017.65.

Ferrer J, Dimitrova N. 2024. Transcription regulation by long non-coding RNAs: mechanisms and
disease relevance. Nature Reviews Molecular Cell Biology 25(5):396–415
DOI 10.1038/s41580-023-00694-9.

Frankish A, Carbonell-Sala S, Diekhans M, Jungreis I, Loveland JE, Mudge JM, Sisu C,
Wright JC, Arnan C, Barnes I, Banerjee A, Bennett R, Berry A, Bignell A, Boix C, Calvet F,
Cerdan-Velez D, Cunningham F, Davidson C, Donaldson S, Dursun C, Fatima R,
Giorgetti S, Giron CG, Gonzalez JM, Hardy M, Harrison PW, Hourlier T, Hollis Z, Hunt T,
James B, Jiang Y, Johnson R, Kay M, Lagarde J, Martin FJ, Gomez LM, Nair S, Ni P, Pozo F,
Ramalingam V, Ruffier M, Schmitt BM, Schreiber JM, Steed E, Suner MM, Sumathipala D,
Sycheva I, Uszczynska-Ratajczak B, Wass E, Yang YT, Yates A, Zafrulla Z, Choudhary JS,
Gerstein M, Guigo R, Hubbard TJP, Kellis M, Kundaje A, Paten B, Tress ML, Flicek P. 2023.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 20/30

http://dx.doi.org/10.3389/fmolb.2022.889688
http://dx.doi.org/10.1080/10409238.2020.1828259
http://dx.doi.org/10.1038/nrd.2015.6
http://dx.doi.org/10.4070/kcj.2022.0242
http://dx.doi.org/10.1007/s10863-024-10022-1
http://dx.doi.org/10.3390/nu11081926
http://dx.doi.org/10.1111/imr.12533
http://dx.doi.org/10.1016/j.cell.2012.03.042
http://dx.doi.org/10.1038/nchembio.2239
http://dx.doi.org/10.1111/cas.16181
http://dx.doi.org/10.1038/oncsis.2017.65
http://dx.doi.org/10.1038/s41580-023-00694-9
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


GENCODE: reference annotation for the human and mouse genomes in 2023. Nucleic Acids
Research 51(D1):D942–D949 DOI 10.1093/nar/gkac1071.

Friedmann Angeli JP, Schneider M, Proneth B, Tyurina YY, Tyurin VA, Hammond VJ,
Herbach N, Aichler M, Walch A, Eggenhofer E, Basavarajappa D, Radmark O, Kobayashi S,
Seibt T, Beck H, Neff F, Esposito I, Wanke R, Forster H, Yefremova O, Heinrichmeyer M,
Bornkamm GW, Geissler EK, Thomas SB, Stockwell BR, O.’Donnell VB, Kagan VE,
Schick JA, Conrad M. 2014. Inactivation of the ferroptosis regulator Gpx4 triggers acute renal
failure in mice. Nature Cell Biology 16(12):1180–1191 DOI 10.1038/ncb3064.

Fu H, Zhang Z, Li D, Lv Q, Chen S, Zhang Z, Wu M. 2022. LncRNA PELATON, a ferroptosis
suppressor and prognositic signature for GBM. Frontiers in Oncology 12:817737
DOI 10.3389/fonc.2022.817737.

Galluzzi L, Vitale I, Aaronson SA, Abrams JM, Adam D, Agostinis P, Alnemri ES, Altucci L,
Amelio I, Andrews DW, Annicchiarico-Petruzzelli M, Antonov AV, Arama E,
Baehrecke EH, Barlev NA, Bazan NG, Bernassola F, Bertrand MJM, Bianchi K,
Blagosklonny MV, Blomgren K, Borner C, Boya P, Brenner C, Campanella M, Candi E,
Carmona-Gutierrez D, Cecconi F, Chan FK-M, Chandel NS, Cheng EH, Chipuk JE,
Cidlowski JA, Ciechanover A, Cohen GM, Conrad M, Cubillos-Ruiz JR, Czabotar PE,
D’Angiolella V, Dawson TM, Dawson VL, De Laurenzi V, De Maria R, Debatin K-M,
DeBerardinis RJ, Deshmukh M, Di Daniele N, Di Virgilio F, Dixit VM, Dixon SJ,
Duckett CS, Dynlacht BD, El-Deiry WS, Elrod JW, Fimia GM, Fulda S, García-Sáez AJ,
Garg AD, Garrido C, Gavathiotis E, Golstein P, Gottlieb E, Green DR, Greene LA,
Gronemeyer H, Gross A, Hajnoczky G, Hardwick JM, Harris IS, Hengartner MO, Hetz C,
Ichijo H, Jäättelä M, Joseph B, Jost PJ, Juin PP, Kaiser WJ, Karin M, Kaufmann T, Kepp O,
Kimchi A, Kitsis RN, Klionsky DJ, Knight RA, Kumar S, Lee SW, Lemasters JJ, Levine B,
Linkermann A, Lipton SA, Lockshin RA, López-Otín C, Lowe SW, Luedde T, Lugli E,
MacFarlane M, Madeo F, Malewicz M, Malorni W, Manic G, Marine J-C, Martin SJ,
Martinou J-C, Medema JP, Mehlen P, Meier P, Melino S, Miao EA, Molkentin JD, Moll UM,
Muñoz-Pinedo C, Nagata S, Nuñez G, Oberst A, Oren M, Overholtzer M, Pagano M,
Panaretakis T, Pasparakis M, Penninger JM, Pereira DM, Pervaiz S, Peter ME, Piacentini M,
Pinton P, Prehn JHM, Puthalakath H, Rabinovich GA, RehmM, Rizzuto R, Rodrigues CMP,
Rubinsztein DC, Rudel T, Ryan KM, Sayan E, Scorrano L, Shao F, Shi Y, Silke J, Simon H-U,
Sistigu A, Stockwell BR, Strasser A, Szabadkai G, Tait SWG, Tang D, Tavernarakis N,
Thorburn A, Tsujimoto Y, Turk B, Vanden Berghe T, Vandenabeele P, Vander Heiden MG,
Villunger A, Virgin HW, Vousden KH, Vucic D, Wagner EF, Walczak H, Wallach D,
Wang Y, Wells JA, Wood W, Yuan J, Zakeri Z, Zhivotovsky B, Zitvogel L, Melino G,
Kroemer G. 2018. Molecular mechanisms of cell death: recommendations of the nomenclature
committee on cell death 2018. Cell Death & Differentiation 25(3):486–541
DOI 10.1038/s41418-017-0012-4.

Gao Y, Tong M, Wong TL, Ng KY, Xie YN, Wang Z, Yu H, Loh JJ, Li M, Ma S. 2023. Long
noncoding RNA URB1-antisense RNA 1 (AS1) suppresses sorafenib-induced ferroptosis in
hepatocellular carcinoma by driving ferritin phase separation. ACS Nano 17(22):22240–22258
DOI 10.1021/acsnano.3c01199.

Ghoochani A, Hsu EC, Aslan M, Rice MA, Nguyen HM, Brooks JD, Corey E, Paulmurugan R,
Stoyanova T. 2021. Ferroptosis inducers are a novel therapeutic approach for advanced prostate
cancer. Cancer Research 81(6):1583–1594 DOI 10.1158/0008-5472.CAN-20-3477.

Gil N, Ulitsky I. 2020. Regulation of gene expression by cis-acting long non-coding RNAs. Nature
Reviews Genetics 21(2):102–117 DOI 10.1038/s41576-019-0184-5.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 21/30

http://dx.doi.org/10.1093/nar/gkac1071
http://dx.doi.org/10.1038/ncb3064
http://dx.doi.org/10.3389/fonc.2022.817737
http://dx.doi.org/10.1038/s41418-017-0012-4
http://dx.doi.org/10.1021/acsnano.3c01199
http://dx.doi.org/10.1158/0008-5472.CAN-20-3477
http://dx.doi.org/10.1038/s41576-019-0184-5
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


Habib E, Linher-Melville K, Lin HX, Singh G. 2015. Expression of xCT and activity of system
xc(-) are regulated by NRF2 in human breast cancer cells in response to oxidative stress. Redox
Biology 5(1):33–42 DOI 10.1016/j.redox.2015.03.003.

Han Y, Gao X, Wu N, Jin Y, Zhou H, Wang W, Liu H, Chu Y, Cao J, Jiang M, Yang S, Shi Y,
Xie X, Chen F, Han Y, Qin W, Xu B, Liang J. 2022. Long noncoding RNA LINC00239 inhibits
ferroptosis in colorectal cancer by binding to Keap1 to stabilize Nrf2. Cell Death & Disease
13(8):742 DOI 10.1038/s41419-022-05192-y.

Han C, Ge M, Xing P, Xia T, Zhang C, Ma K, Ma Y, Li S, Li W, Liu X, Zhang B, Zhang L,
Zhang L. 2024. Cystine deprivation triggers CD36-mediated ferroptosis and dysfunction of
tumor infiltrating CD8(+) T cells. Cell Death & Disease 15(2):145
DOI 10.1038/s41419-024-06503-1.

Hassannia B, Vandenabeele P, Vanden Berghe T. 2019. Targeting ferroptosis to iron out cancer.
Cancer Cell 35(6):830–849 DOI 10.1016/j.ccell.2019.04.002.

He GN, Bao NR, Wang S, Xi M, Zhang TH, Chen FS. 2021. Ketamine induces ferroptosis of liver
cancer cells by targeting lncRNA PVT1/miR-214-3p/GPX4. Drug Design, Development and
Therapy 15:3965–3978 DOI 10.2147/DDDT.S332847.

Huang JZ, Chen M, Chen D, Gao XC, Zhu S, Huang H, Hu M, Zhu H, Yan GR. 2017. A peptide
encoded by a putative lncRNA HOXB-AS3 suppresses colon cancer growth. Molecular Cell
68(1):171–184 e176 DOI 10.1016/j.molcel.2017.09.015.

Huang Y, Guo Q, Ding XP, Wang X. 2020. Mechanism of long noncoding RNAs as
transcriptional regulators in cancer. RNA Biology 17(11):1680–1692
DOI 10.1080/15476286.2019.1710405.

Hung T, Wang Y, Lin MF, Koegel AK, Kotake Y, Grant GD, Horlings HM, Shah N,
Umbricht C, Wang P, Wang Y, Kong B, Langerod A, Borresen-Dale AL, Kim SK,
van de Vijver M, Sukumar S, Whitfield ML, Kellis M, Xiong Y, Wong DJ, Chang HY. 2011.
Extensive and coordinated transcription of noncoding RNAs within cell-cycle promoters.
Nature Genetics 43(7):621–629 DOI 10.1038/ng.848.

Jiang X, Guo S, Xu M, Ma B, Liu R, Xu Y, Zhang Y. 2022. TFAP2C-mediated lncRNA PCAT1
inhibits ferroptosis in docetaxel-resistant prostate cancer through c-Myc/miR-25-3p/SLC7A11
signaling. Frontiers in Oncology 12:862015 DOI 10.3389/fonc.2022.862015.

Jiang X, Guo S, Zhang Y, Zhao Y, Li X, Jia Y, Xu Y, Ma B. 2020. LncRNA NEAT1 promotes
docetaxel resistance in prostate cancer by regulating ACSL4 via sponging miR-34a-5p and miR-
204-5p. Cellular Signalling 65(6):109422 DOI 10.1016/j.cellsig.2019.109422.

Jiang Y, Jiang YY, Xie JJ, Mayakonda A, Hazawa M, Chen L, Xiao JF, Li CQ, Huang ML,
Ding LW, Sun QY, Xu L, Kanojia D, Jeitany M, Deng JW, Liao LD, Soukiasian HJ,
Berman BP, Hao JJ, Xu LY, Li EM, Wang MR, Bi XG, Lin DC, Koeffler HP. 2018. Co-
activation of super-enhancer-driven CCAT1 by TP63 and SOX2 promotes squamous cancer
progression. Nature Communications 9(1):3619 DOI 10.1038/s41467-018-06081-9.

Jiang L, Kon N, Li T, Wang SJ, Su T, Hibshoosh H, Baer R, Gu W. 2015. Ferroptosis as a
p53-mediated activity during tumour suppression. Nature 520(7545):57–62
DOI 10.1038/nature14344.

Jin X, Huang CX, Tian Y. 2024. The multifaceted perspectives on the regulation of lncRNAs in
hepatocellular carcinoma ferroptosis: from bench-to-bedside. Clinical and Experimental
Medicine 24(1):146 DOI 10.1007/s10238-024-01418-9.

Jin X, Jiang C, Zou Z, Huang H, Li X, Xu S, Tan R. 2023a. Ferritinophagy in the etiopathogenic
mechanism of related diseases. The Journal of Nutritional Biochemistry 117(Suppl 1):109339
DOI 10.1016/j.jnutbio.2023.109339.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 22/30

http://dx.doi.org/10.1016/j.redox.2015.03.003
http://dx.doi.org/10.1038/s41419-022-05192-y
http://dx.doi.org/10.1038/s41419-024-06503-1
http://dx.doi.org/10.1016/j.ccell.2019.04.002
http://dx.doi.org/10.2147/DDDT.S332847
http://dx.doi.org/10.1016/j.molcel.2017.09.015
http://dx.doi.org/10.1080/15476286.2019.1710405
http://dx.doi.org/10.1038/ng.848
http://dx.doi.org/10.3389/fonc.2022.862015
http://dx.doi.org/10.1016/j.cellsig.2019.109422
http://dx.doi.org/10.1038/s41467-018-06081-9
http://dx.doi.org/10.1038/nature14344
http://dx.doi.org/10.1007/s10238-024-01418-9
http://dx.doi.org/10.1016/j.jnutbio.2023.109339
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


Jin Y, Qiu J, Lu X, Ma Y, Li G. 2023b. LncRNA CACNA1G-AS1 up-regulates FTH1 to inhibit
ferroptosis and promote malignant phenotypes in ovarian cancer cells. Oncology Research
31(2):169–179 DOI 10.32604/or.2023.027815.

Kang X, Huo Y, Jia S, He F, Li H, Zhou Q, Chang N, Liu D, Li R, Hu Y, Zhang P, Xu A. 2022.
Silenced LINC01134 enhances oxaliplatin sensitivity by facilitating ferroptosis through GPX4 in
hepatocarcinoma. Frontiers in Oncology 12:939605 DOI 10.3389/fonc.2022.939605.

Kopp F, Mendell JT. 2018. Functional classification and experimental dissection of long
noncoding RNAs. Cell 172(3):393–407 DOI 10.1016/j.cell.2018.01.011.

Kutter C, Watt S, Stefflova K, Wilson MD, Goncalves A, Ponting CP, Odom DT, Marques AC.
2012. Rapid turnover of long noncoding RNAs and the evolution of gene expression. PLOS
Genetics 8(7):e1002841 DOI 10.1371/journal.pgen.1002841.

Lan ZQ, Ge ZY, Lv SK, Zhao B, Li CX. 2023. The regulatory role of lipophagy in central nervous
system diseases. Cell Death Discovery 9(1):229 DOI 10.1038/s41420-023-01504-z.

Lapenna D. 2023. Glutathione and glutathione-dependent enzymes: from biochemistry to
gerontology and successful aging. Ageing Research Reviews 92(9):102066
DOI 10.1016/j.arr.2023.102066.

Lei S, Cao W, Zeng Z, Zhang Z, Jin B, Tian Q, Wu Y, Zhang T, Li D, Hu C, Lan J, Zhang J,
Chen T. 2022. JUND/linc00976 promotes cholangiocarcinoma progression and metastasis,
inhibits ferroptosis by regulating the miR-3202/GPX4 axis. Cell Death & Disease 13(11):967
DOI 10.1038/s41419-022-05412-5.

Lekva T, Michelsen AE, Roland MCP, Norwitz ER, Estensen ME, Olstad OK, Akkouh IA,
Henriksen T, Bollerslev J, Aukrust P, Ueland T. 2024. Increased ferroptosis in leukocytes from
preeclamptic women involving the long non-coding taurine upregulated gene 1 (TUG1). Journal
of Internal Medicine 295(2):181–195 DOI 10.1111/joim.13732.

Levine B, Kroemer G. 2019. Biological functions of autophagy genes: a disease perspective. Cell
176(1–2):11–42 DOI 10.1016/j.cell.2018.09.048.

Li Z, Chao TC, Chang KY, Lin N, Patil VS, Shimizu C, Head SR, Burns JC, Rana TM. 2014. The
long noncoding RNA THRIL regulates TNFalpha expression through its interaction with
hnRNPL. Proceedings of the National Academy of Sciences of the United States of America
111(3):1002–1007 DOI 10.1073/pnas.1313768111.

Li W, Dong X, He C, Tan G, Li Z, Zhai B, Feng J, Jiang X, Liu C, Jiang H, Sun X. 2019. LncRNA
SNHG1 contributes to sorafenib resistance by activating the Akt pathway and is positively
regulated by miR-21 in hepatocellular carcinoma cells. Journal of Experimental & Clinical
Cancer Research 38(1):183 DOI 10.1186/s13046-019-1177-0.

Li J, Jia YC, Ding YX, Bai J, Cao F, Li F. 2023b. The crosstalk between ferroptosis and
mitochondrial dynamic regulatory networks. International Journal of Biological Sciences
19(9):2756–2771 DOI 10.7150/ijbs.83348.

Li X, Li Y, Lian P, Lv Q, Liu F. 2023d. Silencing lncRNA HCG18 regulates GPX4-inhibited
ferroptosis by adsorbing miR-450b-5p to avert sorafenib resistance in hepatocellular carcinoma.
Human & Experimental Toxicology 42:9603271221142818 DOI 10.1177/09603271221142818.

Li H, Wang Z, ZhangW, Qian K, XuW, Zhang S. 2016. Fbxw7 regulates tumor apoptosis, growth
arrest and the epithelial-to-mesenchymal transition in part through the RhoA signaling pathway
in gastric cancer. Cancer Letters 370(1):39–55 DOI 10.1016/j.canlet.2015.10.006.

Li H, Wei Y, Wang J, Yao J, Zhang C, Yu C, Tang Y, Zhu D, Yang J, Zhou J. 2023a. Long
noncoding RNA LINC00578 inhibits ferroptosis in pancreatic cancer via regulating SLC7A11
ubiquitination. Oxidative Medicine and Cellular Longevity 2023(8):1744102
DOI 10.1155/2023/1744102.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 23/30

http://dx.doi.org/10.32604/or.2023.027815
http://dx.doi.org/10.3389/fonc.2022.939605
http://dx.doi.org/10.1016/j.cell.2018.01.011
http://dx.doi.org/10.1371/journal.pgen.1002841
http://dx.doi.org/10.1038/s41420-023-01504-z
http://dx.doi.org/10.1016/j.arr.2023.102066
http://dx.doi.org/10.1038/s41419-022-05412-5
http://dx.doi.org/10.1111/joim.13732
http://dx.doi.org/10.1016/j.cell.2018.09.048
http://dx.doi.org/10.1073/pnas.1313768111
http://dx.doi.org/10.1186/s13046-019-1177-0
http://dx.doi.org/10.7150/ijbs.83348
http://dx.doi.org/10.1177/09603271221142818
http://dx.doi.org/10.1016/j.canlet.2015.10.006
http://dx.doi.org/10.1155/2023/1744102
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


Li L, Zhang Y, Gao Y, Hu Y,Wang R,Wang S, Li Y, He Y, Yuan C. 2023c. LncSNHG14 promotes
nutlin3a resistance by inhibiting ferroptosis via the miR-206 /SLC7A11 axis in osteosarcoma
cells. Cancer Gene Therapy 30(5):704–715 DOI 10.1038/s41417-022-00581-z.

Li YZ, Zhu HC, Du Y, Zhao HC, Wang L. 2022. Silencing lncRNA SLC16A1-AS1 induced
ferroptosis in renal cell carcinoma through miR-143-3p/SLC7A11 signaling. Technology in
Cancer Research & Treatment 21:15330338221077803 DOI 10.1177/15330338221077803.

Liang D, Minikes AM, Jiang X. 2022. Ferroptosis at the intersection of lipid metabolism and
cellular signaling. Molecular Cell 82(12):2215–2227 DOI 10.1016/j.molcel.2022.03.022.

Lin Z, Song J, Gao Y, Huang S, Dou R, Zhong P, Huang G, Han L, Zheng J, Zhang X, Wang S,
Xiong B. 2022. Hypoxia-induced HIF-1alpha/lncRNA-PMAN inhibits ferroptosis by
promoting the cytoplasmic translocation of ELAVL1 in peritoneal dissemination from gastric
cancer. Redox Biology 52(6):102312 DOI 10.1016/j.redox.2022.102312.

Liu C, He P, Guo Y, Tian Q, Wang J, Wang G, Zhang Z, Li M. 2022a. Taurine attenuates
neuronal ferroptosis by regulating GABA(B)/AKT/GSK3beta/beta-catenin pathway after
subarachnoid hemorrhage. Free Radical Biology and Medicine 193(7):795–807
DOI 10.1016/j.freeradbiomed.2022.11.003.

Liu Y, Su Z, Tavana O, Gu W. 2024. Understanding the complexity of p53 in a new era of tumor
suppression. Cancer Cell 42(6):946–967 DOI 10.1016/j.ccell.2024.04.009.

Liu Y, Zhang Z, Yang J, Wang J, Wu Y, Zhu R, Liu Q, Xie P. 2022b. lncRNA ZFAS1 positively
facilitates endothelial ferroptosis via miR-7-5p/ACSL4 axis in diabetic retinopathy. Oxidative
Medicine and Cellular Longevity 2022(1):9004738 DOI 10.1155/2022/9004738.

Lu J, Xu F, Lu H. 2020. LncRNA PVT1 regulates ferroptosis through miR-214-mediated TFR1 and
p53. Life Sciences 260(11):118305 DOI 10.1016/j.lfs.2020.118305.

Ma Q, Dai X, Lu W, Qu X, Liu N, Zhu C. 2021a. Silencing long non-coding RNA MEG8 inhibits
the proliferation and induces the ferroptosis of hemangioma endothelial cells by regulating miR-
497-5p/NOTCH2 axis. Biochemical and Biophysical Research Communications 556(4):72–78
DOI 10.1016/j.bbrc.2021.03.132.

Ma S, Henson ES, Chen Y, Gibson SB. 2016. Ferroptosis is induced following siramesine and
lapatinib treatment of breast cancer cells. Cell Death & Disease 7(7):e2307
DOI 10.1038/cddis.2016.208.

Ma XH, Liu JH, Liu CY, Sun WY, Duan WJ, Wang G, Kurihara H, He RR, Li YF, Chen Y,
Shang H. 2022. ALOX15-launched PUFA-phospholipids peroxidation increases the
susceptibility of ferroptosis in ischemia-induced myocardial damage. Signal Transduction and
Targeted Therapy 7(1):288 DOI 10.1038/s41392-022-01090-z.

Ma X, Xiao L, Liu L, Ye L, Su P, Bi E, Wang Q, Yang M, Qian J, Yi Q. 2021b. CD36-mediated
ferroptosis dampens intratumoral CD8(+) T cell effector function and impairs their antitumor
ability. Cell Metabolism 33(5):1001–1012 e1005 DOI 10.1016/j.cmet.2021.02.015.

Majumdar S, Chakraborty A, Das S, Gorain M, Chatterjee S, Dey I, Bhowmik S, Ghosh S,
Banerjee S, Ahammed SM, Chowdhury A, Datta S, Kundu G, Banerjee S. 2024. Sponging of
five tumour suppressor miRNAs by lncRNA-KCNQ1OT1 activates BMPR1A/BMPR1B-
ACVR2A/ACVR2B signalling and promotes chemoresistance in hepatocellular carcinoma. Cell
Death Discovery 10(1):274 DOI 10.1038/s41420-024-02016-0.

Manz DH, Blanchette NL, Paul BT, Torti FM, Torti SV. 2016. Iron and cancer: recent insights.
Annals of the New York Academy of Sciences 1368(1):149–161 DOI 10.1111/nyas.13008.

Mao C, Wang X, Liu Y, Wang M, Yan B, Jiang Y, Shi Y, Shen Y, Liu X, Lai W, Yang R, Xiao D,
Cheng Y, Liu S, Zhou H, Cao Y, Yu W, Muegge K, Yu H, Tao Y. 2018. A G3BP1-Interacting

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 24/30

http://dx.doi.org/10.1038/s41417-022-00581-z
http://dx.doi.org/10.1177/15330338221077803
http://dx.doi.org/10.1016/j.molcel.2022.03.022
http://dx.doi.org/10.1016/j.redox.2022.102312
http://dx.doi.org/10.1016/j.freeradbiomed.2022.11.003
http://dx.doi.org/10.1016/j.ccell.2024.04.009
http://dx.doi.org/10.1155/2022/9004738
http://dx.doi.org/10.1016/j.lfs.2020.118305
http://dx.doi.org/10.1016/j.bbrc.2021.03.132
http://dx.doi.org/10.1038/cddis.2016.208
http://dx.doi.org/10.1038/s41392-022-01090-z
http://dx.doi.org/10.1016/j.cmet.2021.02.015
http://dx.doi.org/10.1038/s41420-024-02016-0
http://dx.doi.org/10.1111/nyas.13008
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


lncRNA promotes ferroptosis and apoptosis in cancer via nuclear sequestration of p53. Cancer
Research 78(13):3484–3496 DOI 10.1158/0008-5472.CAN-17-3454.

Martens L, Ruhle F, Witten A, Meder B, Katus HA, Arbustini E, Hasenfuss G, Sinner MF,
Kaab S, Pankuweit S, Angermann C, Bornberg-Bauer E, Stoll M. 2021. A genetic variant
alters the secondary structure of the lncRNA H19 and is associated with dilated cardiomyopathy.
RNA Biology 18(sup1):409–415 DOI 10.1080/15476286.2021.1952756.

Matsumoto A, Pasut A, Matsumoto M, Yamashita R, Fung J, Monteleone E, Saghatelian A,
Nakayama KI, Clohessy JG, Pandolfi PP. 2017. mTORC1 and muscle regeneration are
regulated by the LINC00961-encoded SPAR polypeptide. Nature 541(7636):228–232
DOI 10.1038/nature21034.

Matsushita M, Freigang S, Schneider C, Conrad M, Bornkamm GW, Kopf M. 2015. T cell lipid
peroxidation induces ferroptosis and prevents immunity to infection. Journal of Experimental
Medicine 212(4):555–568 DOI 10.1084/jem.20140857.

Mattick JS, Amaral PP, Carninci P, Carpenter S, Chang HY, Chen LL, Chen R, Dean C,
Dinger ME, Fitzgerald KA, Gingeras TR, Guttman M, Hirose T, Huarte M, Johnson R,
Kanduri C, Kapranov P, Lawrence JB, Lee JT, Mendell JT, Mercer TR, Moore KJ,
Nakagawa S, Rinn JL, Spector DL, Ulitsky I, Wan Y, Wilusz JE, Wu M. 2023. Long
non-coding RNAs: definitions, functions, challenges and recommendations. Nature Reviews
Molecular Cell Biology 24(6):430–447 DOI 10.1038/s41580-022-00566-8.

McFadden EJ, Hargrove AE. 2016. Biochemical methods to investigate lncRNA and the influence
of lncRNA: protein complexes on chromatin. Biochemistry 55(11):1615–1630
DOI 10.1021/acs.biochem.5b01141.

Mou Y, Wang J, Wu J, He D, Zhang C, Duan C, Li B. 2019. Ferroptosis, a new form of cell death:
opportunities and challenges in cancer. Journal of Hematology & Oncology 12(1):34
DOI 10.1186/s13045-019-0720-y.

Muchowska KB, Varma SJ, Moran J. 2019. Synthesis and breakdown of universal metabolic
precursors promoted by iron. Nature 569(7754):104–107 DOI 10.1038/s41586-019-1151-1.

Na H, Li X, Zhang X, Xu Y, Sun Y, Cui J, Chen Z, Shi X, Ren S, Zuo Y. 2020. lncRNA STEAP3-
AS1 modulates cell cycle progression via affecting CDKN1C expression through STEAP3 in
colon cancer. Molecular Therapy—Nucleic Acids 21:480–491 DOI 10.1016/j.omtn.2020.06.011.

Ni T, Huang X, Pan S, Lu Z. 2021. Inhibition of the long non-coding RNA ZFAS1 attenuates
ferroptosis by sponging miR-150-5p and activates CCND2 against diabetic cardiomyopathy.
Journal of Cellular and Molecular Medicine 25(21):9995–10007 DOI 10.1111/jcmm.16890.

Nitsche A, Stadler PF. 2017. Evolutionary clues in lncRNAs.Wiley Interdisciplinary Reviews: RNA
8(1):1110 DOI 10.1002/wrna.1376.

Novikova IV, Hennelly SP, Sanbonmatsu KY. 2012. Structural architecture of the human long
non-coding RNA, steroid receptor RNA activator. Nucleic Acids Research 40(11):5034–5051
DOI 10.1093/nar/gks071.

Osama A, Zhang J, Yao J, Yao X, Fang J. 2020. Nrf2: a dark horse in Alzheimer’s disease
treatment. Ageing Research Reviews 64(Suppl):101206 DOI 10.1016/j.arr.2020.101206.

Pan C, Chen G, Zhao X, Xu X, Liu J. 2022. lncRNA BBOX1-AS1 silencing inhibits esophageal
squamous cell cancer progression by promoting ferroptosis via miR-513a-3p/SLC7A11 axis.
European Journal of Pharmacology 934:175317 DOI 10.1016/j.ejphar.2022.175317.

Pope LE, Dixon SJ. 2023. Regulation of ferroptosis by lipid metabolism. Trends in Cell Biology
33(12):1077–1087 DOI 10.1016/j.tcb.2023.05.003.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 25/30

http://dx.doi.org/10.1158/0008-5472.CAN-17-3454
http://dx.doi.org/10.1080/15476286.2021.1952756
http://dx.doi.org/10.1038/nature21034
http://dx.doi.org/10.1084/jem.20140857
http://dx.doi.org/10.1038/s41580-022-00566-8
http://dx.doi.org/10.1021/acs.biochem.5b01141
http://dx.doi.org/10.1186/s13045-019-0720-y
http://dx.doi.org/10.1038/s41586-019-1151-1
http://dx.doi.org/10.1016/j.omtn.2020.06.011
http://dx.doi.org/10.1111/jcmm.16890
http://dx.doi.org/10.1002/wrna.1376
http://dx.doi.org/10.1093/nar/gks071
http://dx.doi.org/10.1016/j.arr.2020.101206
http://dx.doi.org/10.1016/j.ejphar.2022.175317
http://dx.doi.org/10.1016/j.tcb.2023.05.003
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


Qiu L, Lin X, Chen R, Wu Y, Yan J. 2023. LncRNA PSMA3-AS1 promotes preterm delivery by
inducing ferroptosis via miR-224-3p/Nrf2 axis. Cellular and Molecular Biology (Noisy-le-grand)
69(13):270–278 DOI 10.14715/cmb/2023.69.13.40.

Qiu B, Zandkarimi F, Bezjian CT, Reznik E, Soni RK, Gu W, Jiang X, Stockwell BR. 2024.
Phospholipids with two polyunsaturated fatty acyl tails promote ferroptosis. Cell
187(5):1177–1190 e1118 DOI 10.1016/j.cell.2024.01.030.

Rademaker G, Boumahd Y, Peiffer R, Anania S, Wissocq T, Liegeois M, Luis G, Sounni NE,
Agirman F, Maloujahmoum N, De Tullio P, Thiry M, Bellahcene A, Castronovo V,
Peulen O. 2022. Myoferlin targeting triggers mitophagy and primes ferroptosis in pancreatic
cancer cells. Redox Biology 53:102324 DOI 10.1016/j.redox.2022.102324.

Richardson DR. 2004. Mysteries of the transferrin-transferrin receptor 1 interaction uncovered.
Cell 116(4):483–485 DOI 10.1016/S0092-8674(04)00165-5.

Rinn JL, Chang HY. 2020. Long noncoding RNAs: molecular modalities to organismal functions.
Annual Review of Biochemistry 89(1):283–308 DOI 10.1146/annurev-biochem-062917-012708.

Saatci O, Alam R, Huynh-Dam KT, Isik A, Uner M, Belder N, Ersan PG, Tokat UM, Ulukan B,
Cetin M, Calisir K, Gedik ME, Bal H, Sener Sahin O, Riazalhosseini Y, Thieffry D,
Gautheret D, Ogretmen B, Aksoy S, Uner A, Akyol A, Sahin O. 2024. Targeting LINC00152
activates cAMP/Ca(2+)/ferroptosis axis and overcomes tamoxifen resistance in ER+ breast
cancer. Cell Death & Disease 15(6):418 DOI 10.1038/s41419-024-06814-3.

Sanei-Ataabadi N, Mowla SJ, Nasr-Esfahani MH. 2020. Transcript isoforms of SLC7A11-AS1 are
associated with varicocele-related male infertility. Frontiers in Genetics 11:1015
DOI 10.3389/fgene.2020.01015.

Schmidt K, Carroll JS, Yee E, Thomas DD, Wert-Lamas L, Neier SC, Sheynkman G, Ritz J,
Novina CD. 2019. The lncRNA SLNCR recruits the androgen receptor to EGR1-bound genes in
melanoma and inhibits expression of tumor suppressor p21. Cell Reports 27(8):2493–2507 e2494
DOI 10.1016/j.celrep.2019.04.101.

Sekhar KR, Hanna DN, Cyr S, Baechle JJ, Kuravi S, Balusu R, Rathmell K, Baregamian N. 2022.
Glutathione peroxidase 4 inhibition induces ferroptosis and mTOR pathway suppression in
thyroid cancer. Scientific Reports 12:19396 DOI 10.1038/s41598-022-23906-2.

Sengupta P, Roy A, Roy L, Bose D, Halder S, Jana K, Mukherjee G, Chatterjee S. 2024. Long
non-coding intergenic RNA, LINC00273 induces cancer metastasis and stemness via miRNA
sponging in triple negative breast cancer. International Journal of Biological Macromolecules
274:132730 DOI 10.1016/j.ijbiomac.2024.132730.

Shao Y, Li H, Wu Y, Wang X, Meng J, Hu Z, Xia L, Cao S, Tian W, Zhang Y, Feng X, Zhang X,
Li Y, Yang G. 2023. The feedback loop of AURKA/DDX5/TMEM147-AS1/let-7 drives
lipophagy to induce cisplatin resistance in epithelial ovarian cancer. Cancer Letters 565:216241
DOI 10.1016/j.canlet.2023.216241.

Shi Z, Li Z, Jin B, Ye W, Wang L, Zhang S, Zheng J, Lin Z, Chen B, Liu F, Zhang B, Ding X,
Yang Z, Shan Y, Yu Z, Wang Y, Chen J, Chen Q, Roberts LR, Chen G. 2023. Loss of LncRNA
DUXAP8 synergistically enhanced sorafenib induced ferroptosis in hepatocellular carcinoma via
SLC7A11 de-palmitoylation. Clinical and Translational Medicine 13(6):e1300
DOI 10.1002/ctm2.1300.

Shin D, Kim EH, Lee J, Roh JL. 2018. Nrf2 inhibition reverses resistance to GPX4
inhibitor-induced ferroptosis in head and neck cancer. Free Radical Biology and Medicine
129(5):454–462 DOI 10.1016/j.freeradbiomed.2018.10.426.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 26/30

http://dx.doi.org/10.14715/cmb/2023.69.13.40
http://dx.doi.org/10.1016/j.cell.2024.01.030
http://dx.doi.org/10.1016/j.redox.2022.102324
http://dx.doi.org/10.1016/S0092-8674(04)00165-5
http://dx.doi.org/10.1146/annurev-biochem-062917-012708
http://dx.doi.org/10.1038/s41419-024-06814-3
http://dx.doi.org/10.3389/fgene.2020.01015
http://dx.doi.org/10.1016/j.celrep.2019.04.101
http://dx.doi.org/10.1038/s41598-022-23906-2
http://dx.doi.org/10.1016/j.ijbiomac.2024.132730
http://dx.doi.org/10.1016/j.canlet.2023.216241
http://dx.doi.org/10.1002/ctm2.1300
http://dx.doi.org/10.1016/j.freeradbiomed.2018.10.426
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


Song X, Xie Y, Kang R, Hou W, Sun X, Epperly MW, Greenberger JS, Tang D. 2016. FANCD2
protects against bone marrow injury from ferroptosis. Biochemical and Biophysical Research
Communications 480(3):443–449 DOI 10.1016/j.bbrc.2016.10.068.

Spokoini-Stern R, Stamov D, Jessel H, Aharoni L, Haschke H, Giron J, Unger R, Segal E, Abu-
Horowitz A, Bachelet I. 2020. Visualizing the structure and motion of the long noncoding RNA
HOTAIR. RNA 26(5):629–636 DOI 10.1261/rna.074633.120.

Sumpter R Jr, Sirasanagandla S, Fernandez AF, Wei Y, Dong X, Franco L, Zou Z, Marchal C,
Lee MY, Clapp DW, Hanenberg H, Levine B. 2016. Fanconi anemia proteins function in
mitophagy and immunity. Cell 165(4):867–881 DOI 10.1016/j.cell.2016.04.006.

Sun Z, Wu J, Bi Q, Wang W. 2022. Exosomal lncRNA TUG1 derived from human urine-derived
stem cells attenuates renal ischemia/reperfusion injury by interacting with SRSF1 to regulate
ASCL4-mediated ferroptosis. Stem Cell Research & Therapy 13(1):297
DOI 10.1186/s13287-022-02986-x.

Tian P, Xu Z, Guo J, Zhao J, Chen W, Huang W, Wang M, Mi C, Zhang Y, Yang Y, Zhang H.
2024. Hypoxia causes trophoblast cell ferroptosis to induce miscarriage through lnc-HZ06/
HIF1alpha-SUMO/NCOA4 axis. Redox Biology 70(9535):103073
DOI 10.1016/j.redox.2024.103073.

Tong Y, Lee Y, Liu X, Childs-Disney JL, Suresh BM, Benhamou RI, Yang C, Li W, Costales MG,
Haniff HS, Sievers S, Abegg D, Wegner T, Paulisch TO, Lekah E, Grefe M, Crynen G,
Van Meter M, Wang T, Gibaut QMR, Cleveland JL, Adibekian A, Glorius F, Waldmann H,
Disney MD. 2023b. Programming inactive RNA-binding small molecules into bioactive
degraders. Nature 618(7963):169–179 DOI 10.1038/s41586-023-06091-8.

Tong X, Yu Z, Xing J, Liu H, Zhou S, Huang Y, Lin J, Jiang W, Wang L. 2023a. LncRNA HCP5-
encoded protein regulates ferroptosis to promote the progression of triple-negative breast
cancer. Cancers (Basel) 15(6):1880 DOI 10.3390/cancers15061880.

Trevisani F, Floris M, Vago R, Minnei R, Cinque A. 2022. Long non-coding RNAs as novel
biomarkers in the clinical management of papillary renal cell carcinoma patients: a promise or a
pledge? Cells 11(10):1658 DOI 10.3390/cells11101658.

Tsai MC, Manor O, Wan Y, Mosammaparast N, Wang JK, Lan F, Shi Y, Segal E, Chang HY.
2010. Long noncoding RNA as modular scaffold of histone modification complexes. Science
329(5992):689–693 DOI 10.1126/science.1192002.

Uroda T, Anastasakou E, Rossi A, Teulon JM, Pellequer JL, Annibale P, Pessey O, Inga A,
Chillon I, Marcia M. 2019. Conserved pseudoknots in lncRNA MEG3 are essential for
stimulation of the p53 pathway. Molecular Cell 75(5):982–995 e989
DOI 10.1016/j.molcel.2019.07.025.

Uroda T, Chillon I, Annibale P, Teulon JM, Pessey O, Karuppasamy M, Pellequer JL, Marcia M.
2020. Visualizing the functional 3D shape and topography of long noncoding RNAs by
single-particle atomic force microscopy and in-solution hydrodynamic techniques. Nature
Protocols 15(6):2107–2139 DOI 10.1038/s41596-020-0323-7.

Wan Y, Gu C, Kong J, Sui J, Zuo L, Song Y, Chen J. 2022. Long noncoding RNA ADAMTS9-AS1
represses ferroptosis of endometrial stromal cells by regulating the miR-6516-5p/GPX4 axis in
endometriosis. Scientific Reports 12:2618 DOI 10.1038/s41598-022-04963-z.

Wang Z, Chen X, Liu N, Shi Y, Liu Y, Ouyang L, Tam S, Xiao D, Liu S, Wen F, Tao Y. 2021a. A
nuclear long non-coding RNA LINC00618 accelerates ferroptosis in a manner dependent upon
apoptosis. Molecular Therapy 29(1):263–274 DOI 10.1016/j.ymthe.2020.09.024.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 27/30

http://dx.doi.org/10.1016/j.bbrc.2016.10.068
http://dx.doi.org/10.1261/rna.074633.120
http://dx.doi.org/10.1016/j.cell.2016.04.006
http://dx.doi.org/10.1186/s13287-022-02986-x
http://dx.doi.org/10.1016/j.redox.2024.103073
http://dx.doi.org/10.1038/s41586-023-06091-8
http://dx.doi.org/10.3390/cancers15061880
http://dx.doi.org/10.3390/cells11101658
http://dx.doi.org/10.1126/science.1192002
http://dx.doi.org/10.1016/j.molcel.2019.07.025
http://dx.doi.org/10.1038/s41596-020-0323-7
http://dx.doi.org/10.1038/s41598-022-04963-z
http://dx.doi.org/10.1016/j.ymthe.2020.09.024
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


Wang J, Jia Q, Jiang S, Lu W, Ning H. 2024a. POU6F1 promotes ferroptosis by increasing
lncRNA-CASC2 transcription to regulate SOCS2/SLC7A11 signaling in gastric cancer. Cell
Biology and Toxicology 40(1):3 DOI 10.1007/s10565-024-09843-y.

Wang T, Liang S, Li Y, Wang X, Wang H, Guo J, Li M. 2023b. Downregulation of lncRNA
SLC7A11-AS1 decreased the NRF2/SLC7A11 expression and inhibited the progression of
colorectal cancer cells. PeerJ 11:e15216 DOI 10.7717/peerj.15216.

WangM, Mao C, Ouyang L, Liu Y, Lai W, Liu N, Shi Y, Chen L, Xiao D, Yu F, Wang X, Zhou H,
Cao Y, Liu S, Yan Q, Tao Y, Zhang B. 2019a. Long noncoding RNA LINC00336 inhibits
ferroptosis in lung cancer by functioning as a competing endogenous RNA. Cell Death &
Differentiation 26(11):2329–2343 DOI 10.1038/s41418-019-0304-y.

Wang Z, Shen N, Wang Z, Yu L, Yang S, Wang Y, Liu Y, Han G, Zhang Q. 2024c. TRIM3
facilitates ferroptosis in non-small cell lung cancer through promoting SLC7A11/xCT K11-
linked ubiquitination and degradation. Cell Death & Differentiation 31(1):53–64
DOI 10.1038/s41418-023-01239-5.

Wang S, Wang Y, Li Q, Zeng K, Li X, Feng X. 2023a. RUNX1-IT1 favors breast cancer
carcinogenesis through regulation of IGF2BP1/GPX4 axis. Discover Oncology 14(1):42
DOI 10.1007/s12672-023-00652-z.

Wang X, Wei T, Luo J, Lang K, Song Y, Ning X, Chao Y, Gu Z, Wang L, Chen C, Yang D,
Song Y. 2024b. Iron overload-dependent ferroptosis aggravates LPS-induced acute lung injury
by impairing mitochondrial function. Inflammation DOI 10.1007/s10753-024-02022-5.

Wang Y, Wu S, Zhu X, Zhang L, Deng J, Li F, Guo B, Zhang S, Wu R, Zhang Z, Wang K, Lu J,
Zhou Y. 2020. LncRNA-encoded polypeptide ASRPS inhibits triple-negative breast cancer
angiogenesis. Journal of Experimental Medicine 217(3):595 DOI 10.1084/jem.20190950.

Wang Z, Xia P, Hu J, Huang Y, Zhang F, Li L, Wang E, Guo Q, Ye Z. 2021b. LncRNA MEG3
alleviates diabetic cognitive impairments by reducing mitochondrial-derived apoptosis through
promotion of FUNDC1-related mitophagy via Rac1-ROS axis. ACS Chemical Neuroscience
12(13):2280–2307 DOI 10.1021/acschemneuro.0c00682.

Wang N, Zeng GZ, Yin JL, Bian ZX. 2019b. Artesunate activates the ATF4-CHOP-CHAC1
pathway and affects ferroptosis in Burkitt’s Lymphoma. Biochemical and Biophysical Research
Communications 519(3):533–539 DOI 10.1016/j.bbrc.2019.09.023.

Wen Y, Chen H, Luo F, Zhou H, Li Z. 2020. Roles of long noncoding RNAs in bacterial infection.
Life Sciences 263(e10):118579 DOI 10.1016/j.lfs.2020.118579.

Winkler L, Jimenez M, Zimmer JT, Williams A, Simon MD, Dimitrova N. 2022. Functional
elements of the cis-regulatory lincRNA-p21. Cell Reports 39(3):110687
DOI 10.1016/j.celrep.2022.110687.

Wu P, Mo Y, Peng M, Tang T, Zhong Y, Deng X, Xiong F, Guo C, Wu X, Li Y, Li X, Li G,
Zeng Z, Xiong W. 2020. Emerging role of tumor-related functional peptides encoded by
lncRNA and circRNA. Molecular Cancer 19(1):22 DOI 10.1186/s12943-020-1147-3.

Xiang L, Zeng Q, Liu J, Xiao M, He D, Zhang Q, Xie D, Deng M, Zhu Y, Liu Y, Bo H, Liu X,
Zhou M, Xiong W, Zhou Y, Zhou J, Li X, Cao K. 2021. MAFG-AS1/MAFG positive feedback
loop contributes to cisplatin resistance in bladder urothelial carcinoma through antagonistic
ferroptosis. Science Bulletin 66(17):1773–1788 DOI 10.1016/j.scib.2021.01.027.

Xie B, Guo Y. 2021.Molecular mechanism of cell ferroptosis and research progress in regulation of
ferroptosis by noncoding RNAs in tumor cells. Cell Death Discovery 7(1):101
DOI 10.1038/s41420-021-00483-3.

Yagoda N, von Rechenberg M, Zaganjor E, Bauer AJ, Yang WS, Fridman DJ, Wolpaw AJ,
Smukste I, Peltier JM, Boniface JJ, Smith R, Lessnick SL, Sahasrabudhe S, Stockwell BR.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 28/30

http://dx.doi.org/10.1007/s10565-024-09843-y
http://dx.doi.org/10.7717/peerj.15216
http://dx.doi.org/10.1038/s41418-019-0304-y
http://dx.doi.org/10.1038/s41418-023-01239-5
http://dx.doi.org/10.1007/s12672-023-00652-z
http://dx.doi.org/10.1007/s10753-024-02022-5
http://dx.doi.org/10.1084/jem.20190950
http://dx.doi.org/10.1021/acschemneuro.0c00682
http://dx.doi.org/10.1016/j.bbrc.2019.09.023
http://dx.doi.org/10.1016/j.lfs.2020.118579
http://dx.doi.org/10.1016/j.celrep.2022.110687
http://dx.doi.org/10.1186/s12943-020-1147-3
http://dx.doi.org/10.1016/j.scib.2021.01.027
http://dx.doi.org/10.1038/s41420-021-00483-3
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


2007. RAS-RAF-MEK-dependent oxidative cell death involving voltage-dependent anion
channels. Nature 447(7146):864–868 DOI 10.1038/nature05859.

Yamaguchi Y, Kasukabe T, Kumakura S. 2018. Piperlongumine rapidly induces the death of
human pancreatic cancer cells mainly through the induction of ferroptosis. International Journal
of Oncology 52(Suppl 4):1011–1022 DOI 10.3892/ijo.2018.4259.

Yang Q, Li K, Huang X, Zhao C, Mei Y, Li X, Jiao L, Yang H. 2020. lncRNA SLC7A11-AS1
promotes chemoresistance by blocking SCF(beta-TRCP)-mediated degradation of NRF2 in
pancreatic cancer. Molecular Therapy— Nucleic Acids 19(W1):974–985
DOI 10.1016/j.omtn.2019.11.035.

Yang P, Li J, Zhang T, Ren Y, Zhang Q, Liu R, Li H, Hua J, Wang WA, Wang J, Zhou H. 2023a.
Ionizing radiation-induced mitophagy promotes ferroptosis by increasing intracellular free fatty
acids. Cell Death & Differentiation 30(11):2432–2445 DOI 10.1038/s41418-023-01230-0.

Yang WS, SriRamaratnam R, Welsch ME, Shimada K, Skouta R, Viswanathan VS, Cheah JH,
Clemons PA, Shamji AF, Clish CB, Brown LM, Girotti AW, Cornish VW, Schreiber SL,
Stockwell BR. 2014. Regulation of ferroptotic cancer cell death by GPX4. Cell 156(1–2):317–331
DOI 10.1016/j.cell.2013.12.010.

Yang R, Wan J, Ma L, Zhou F, Yang Z, Li Z, Zhang M, Ming L. 2023b. TMEM44-AS1 promotes
esophageal squamous cell carcinoma progression by regulating the IGF2BP2-GPX4 axis in
modulating ferroptosis. Cell Death Discovery 9(1):431 DOI 10.1038/s41420-023-01727-0.

Yao F, Zhao Y, Wang G, Zhao M, Hong X, Ye Z, Dong F, Li W, Deng Q. 2024. Exosomal
lncRNA ROR1-AS1 from cancer-associated fibroblasts inhibits ferroptosis of lung cancer cells
through the IGF2BP1/SLC7A11 signal axis. Cellular Signalling 120(1):111221
DOI 10.1016/j.cellsig.2024.111221.

Ye Y, Chen A, Li L, Liang Q, Wang S, Dong Q, Fu M, Lan Z, Li Y, Liu X, Ou JS, Lu L, Yan J.
2022. Repression of the antiporter SLC7A11/glutathione/glutathione peroxidase 4 axis drives
ferroptosis of vascular smooth muscle cells to facilitate vascular calcification. Kidney
International 102(6):1259–1275 DOI 10.1016/j.kint.2022.07.034.

Yin H, Xu L, Porter NA. 2011. Free radical lipid peroxidation: mechanisms and analysis. Chemical
Reviews 111(10):5944–5972 DOI 10.1021/cr200084z.

Zhang B, Bao W, Zhang S, Chen B, Zhou X, Zhao J, Shi Z, Zhang T, Chen Z, Wang L, Zheng X,
Chen G, Wang Y. 2022a. LncRNA HEPFAL accelerates ferroptosis in hepatocellular carcinoma
by regulating SLC7A11 ubiquitination. Cell Death & Disease 13(8):734
DOI 10.1038/s41419-022-05173-1.

Zhang Y, Guo S, Wang S, Li X, Hou D, Li H, Wang L, Xu Y, Ma B, Wang H, Jiang X. 2021.
LncRNA OIP5-AS1 inhibits ferroptosis in prostate cancer with long-term cadmium exposure
through miR-128-3p/SLC7A11 signaling. Ecotoxicology and Environmental Safety 220:112376
DOI 10.1016/j.ecoenv.2021.112376.

Zhang E, He X, Zhang C, Su J, Lu X, Si X, Chen J, Yin D, Han L, De W. 2018a. A novel long
noncoding RNA HOXC-AS3 mediates tumorigenesis of gastric cancer by binding to YBX1.
Genome Biology 19(1):154 DOI 10.1186/s13059-018-1523-0.

Zhang N, Huang J, Xu M, Wang Y. 2022b. LncRNA T-UCR Uc.339/miR-339/SLC7A11 axis
regulates the metastasis of ferroptosis-induced lung adenocarcinoma. Journal of Cancer
13(6):1945–1957 DOI 10.7150/jca.65017.

Zhang X, Rice K, Wang Y, Chen W, Zhong Y, Nakayama Y, Zhou Y, Klibanski A. 2010.
Maternally expressed gene 3 (MEG3) noncoding ribonucleic acid: isoform structure, expression,
and functions. Endocrinology 151(3):939–947 DOI 10.1210/en.2009-0657.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 29/30

http://dx.doi.org/10.1038/nature05859
http://dx.doi.org/10.3892/ijo.2018.4259
http://dx.doi.org/10.1016/j.omtn.2019.11.035
http://dx.doi.org/10.1038/s41418-023-01230-0
http://dx.doi.org/10.1016/j.cell.2013.12.010
http://dx.doi.org/10.1038/s41420-023-01727-0
http://dx.doi.org/10.1016/j.cellsig.2024.111221
http://dx.doi.org/10.1016/j.kint.2022.07.034
http://dx.doi.org/10.1021/cr200084z
http://dx.doi.org/10.1038/s41419-022-05173-1
http://dx.doi.org/10.1016/j.ecoenv.2021.112376
http://dx.doi.org/10.1186/s13059-018-1523-0
http://dx.doi.org/10.7150/jca.65017
http://dx.doi.org/10.1210/en.2009-0657
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/


Zhang Y, Shi J, Liu X, Feng L, Gong Z, Koppula P, Sirohi K, Li X, Wei Y, Lee H, Zhuang L,
Chen G, Xiao ZD, Hung MC, Chen J, Huang P, Li W, Gan B. 2018b. BAP1 links metabolic
regulation of ferroptosis to tumour suppression. Nature Cell Biology 20(10):1181–1192
DOI 10.1038/s41556-018-0178-0.

Zhang Z, Ye B, Lin Y, Liu W, Deng J, Ji W. 2023b. LncRNA OTUD6B-AS1 overexpression
promoted GPX4-mediated ferroptosis to suppress radioresistance in colorectal cancer. Clinical
and Translational Oncology 25(11):3217–3229 DOI 10.1007/s12094-023-03193-7.

Zhang M, Yu Z, Zhao L, Luo H. 2023a. Long non-coding RNA PVT1 regulates atherosclerosis
progression via the microRNA-106b-5p/ACSL4 axis. Biochemical and Biophysical Research
Communications 667(Suppl A):170–179 DOI 10.1016/j.bbrc.2023.05.037.

Zhang X, Zheng C, Zhao J, Xu X, Yao J. 2024. LncRNA MEG3 regulates ferroptosis of lens
epithelial cells via PTBP1/GPX4 axis to participate in age-related cataract. Journal of Cellular
Physiology 2:D9493 DOI 10.1002/jcp.31330.

Zhao J, Wan XN, Zhu JP, Liu QC, Gan L. 2022. LncRNA NEAT1 promoted MPP+‐induced
ferroptosis via regulating miR‐150‐5p/BAP1 pathway in SK‐N‐SH cells. Acta Neurobiologiae
Experimentalis (Wars) 82:226–236 DOI 10.55782/ane-2022-021.

Zhao J, Yang S, Lv C, Liu Y. 2023. Cancer-associated fibroblasts suppressed ferroptosis in
glioblastoma via upregulating lncRNA DLEU1. American Journal of Physiology-Cell Physiology
324(5):C1039–C1052 DOI 10.1152/ajpcell.00454.2022.

Zheng X,WangM, Liu S, Chen H, Li Y, Yuan F, Yang L, Qiu S, Wang H, Xie Z, Xiang M. 2023b.
A lncRNA-encoded mitochondrial micropeptide exacerbates microglia-mediated
neuroinflammation in retinal ischemia/reperfusion injury. Cell Death & Disease 14(2):126
DOI 10.1038/s41419-023-05617-2.

Zheng J, Zhang Q, Zhao Z, Qiu Y, Zhou Y, Wu Z, Jiang C, Wang X, Jiang X. 2023a.
Epigenetically silenced lncRNA SNAI3-AS1 promotes ferroptosis in glioma via perturbing the
m(6)A-dependent recognition of Nrf2 mRNA mediated by SND1. Journal of Experimental &
Clinical Cancer Research 42(1):127 DOI 10.1186/s13046-023-02684-3.

Zhou B, Wu Y, Cheng P, Wu C. 2023. Long noncoding RNAs with peptide-encoding potential
identified in esophageal squamous cell carcinoma: KDM4A-AS1-encoded peptide weakens
cancer cell viability and migratory capacity. Molecular Oncology 17(7):1419–1436
DOI 10.1002/1878-0261.13424.

Zhou X, Zhao X, Wu Z, Ma Y, Li H. 2022. LncRNA FLVCR1-AS1 mediates miR-23a-5p/
SLC7A11 axis to promote malignant behavior of cervical cancer cells. Bioengineered
13(4):10454–10466 DOI 10.1080/21655979.2022.2059958.

Zhu J, Liu S, Ye F, Shen Y, Tie Y, Zhu J, Wei L, Jin Y, Fu H, Wu Y, Zheng X. 2015. Long
noncoding RNA MEG3 interacts with p53 protein and regulates partial p53 target genes in
hepatoma cells. PLOS ONE 10(10):e0139790 DOI 10.1371/journal.pone.0139790.

Zou Y, Palte MJ, Deik AA, Li H, Eaton JK, Wang W, Tseng YY, Deasy R, Kost-Alimova M,
Dancik V, Leshchiner ES, Viswanathan VS, Signoretti S, Choueiri TK, Boehm JS,
Wagner BK, Doench JG, Clish CB, Clemons PA, Schreiber SL. 2019. A GPX4-dependent
cancer cell state underlies the clear-cell morphology and confers sensitivity to ferroptosis.Nature
Communications 10(1):1617 DOI 10.1038/s41467-019-09277-9.

Wen et al. (2024), PeerJ, DOI 10.7717/peerj.17933 30/30

http://dx.doi.org/10.1038/s41556-018-0178-0
http://dx.doi.org/10.1007/s12094-023-03193-7
http://dx.doi.org/10.1016/j.bbrc.2023.05.037
http://dx.doi.org/10.1002/jcp.31330
http://dx.doi.org/10.55782/ane-2022-021
http://dx.doi.org/10.1152/ajpcell.00454.2022
http://dx.doi.org/10.1038/s41419-023-05617-2
http://dx.doi.org/10.1186/s13046-023-02684-3
http://dx.doi.org/10.1002/1878-0261.13424
http://dx.doi.org/10.1080/21655979.2022.2059958
http://dx.doi.org/10.1371/journal.pone.0139790
http://dx.doi.org/10.1038/s41467-019-09277-9
http://dx.doi.org/10.7717/peerj.17933
https://peerj.com/

	Advances in understanding the role of lncRNA in ferroptosis
	Why this review is needed and who it is intended for
	Survey Methodology
	Introduction
	The functions and classifications of lncrna
	Lncrna regulates the process of ferroptosis
	Lncrna regulates the ferroptosis related processes
	Prospect
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


