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Abstract: Ferroptosis is a new type of regulated cell death produced by iron-dependent accumulation of reactive oxygen species in lipids, which
is different from apoptosis, pyroptosis and autophagy, and plays the role of a "double-edged sword" in tumor therapy. Ferroptosis-related INcRNA
are involved in tumor cell death by regulating lipid metabolism and ferroptosis-associated genes, thus becoming one of the hotspots in the field
of tumor-targeted therapy. In this paper, we review the role of ferroptosis and its related IncRNA in inhibiting the development of tumor cells and
improving the therapeutic effect of drugs, which is expected to provide a new strategy for the treatment of tumors.
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Introduction

The concept of "ferroptosis” was first introduced by Dixon
et al. in 2012[1]. It represents a novel form of regulated cell
death (RCD) that differs from apoptosis[2] and pyroptosis[3].
Ferroptosis is an iron-dependent mode of cell death
characterized by the accumulation of reactive oxygen species
(ROS) leading to lipid peroxidation (LPO)[4-6]. Consequently,
similar to other forms of programmed cell death, ferroptosis is
gradually emerging as a new therapeutic strategy in oncology.
The application of ferroptosis in conjunction with small
molecule drug therapies is expected to significantly improve
cancer treatment methods.

Long non-coding RNAs (IncRNAs) are a class of RNA
molecules longer than 200 nucleotides that do not encode
proteins[7, 8]. LncRNAs play crucial regulatory roles in various
biological processes, influencing tumor cell proliferation,
differentiation, metastasis, and apoptosis at multiple
levels[9, 10]. In tumor diagnosis and treatment, IncRNAs also
represent promising biomarkers or therapeutic targets.[11,
12]. Recent studies have confirmed that IncRNAs can regulate
the occurrence of ferroptosis in tumor cells by mediating
lipid metabolism and the expression of ferroptosis-related
genes[13]. Thus, IncRNAs constitute an important area of
research with broad application prospects, making them
potential therapeutic agents for various tumors.

Current therapeutic options remain inadequate, with cancer
mortality rates are rising each year. For instance, targeted drug
therapy often leads to the development of drug resistance in

tumor cells, significantly diminishing treatment efficacy and
ultimately threatening patient safety[14]. Therefore, there is a
pressing need to develop more effective targeted treatment
strategies. Given the importance of INcRNAs and ferroptosis in
cancer therapy, this paper reviews the molecular mechanisms
of IncRNA-mediated ferroptosis in common clinical tumors
and explores the therapeutic potential of ferroptosis-related
IncRNAs, aiming to identify novel cancer treatment strategies.

The Main Mechanisms of IncRNA-mediated
Ferroptosis in Cancer Cells

Iron metabolism pathway mediating ferroptosis

The molecular mechanisms underlying ferroptosis-induced
tumor cell death are complex, involving multiple steps, genes,
and proteins[15]. Iron ions participate in the execution of
cellular ferroptosis through complex mechanisms|[16].
Extracellular trivalent iron ions (Fe*") bind to transferrin and
are subsequently internalized into the cell through transferrin
receptor1(TFR1). Subsequently, metalloreductase STEAP3
reduces Fe*to Fe*, which is released into the cytoplasmic
labile iron pool (LIP) via divalent metal-ion transporter 1
(DMT1)[6],[17]. The hydroxyl and lipid radicals in the iron pool
can be catalyzed by iron ions, leading to the synthesis of
polyunsaturated fatty acids (PUFAs) through the Fenton
reaction[18, 19]. When intracellular iron ions increase suddenly,
Fenton reactions are likely to be significantly intensified,
leading to excessive accumulation of lipid peroxides and
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resulting in cellular ferroptosis. Recent studies highlight the
critical role of post-transcriptional regulation in iron
metabolism for ferroptosis sensitivity. For example, hepcidin
promotes intracellular Fe** accumulation by degrading FPN1,
thereby enhancing lipid peroxidation[20].

However, the homeostasis of the iron pool is also tightly
regulated by iron export proteins ferroportin(FPN1) and iron
regulatory proteins (IRPs), thereby controlling intracellular free
iron levels[21, 22]. These findings underscore that iron ions act
not merely as executors of ferroptosis but also as dynamically
balanced elements through multi-layered protein networks that
precisely determine cellular fate.

Lipid peroxidation pathway mediating ferroptosis

Lipid peroxidation is one of the most crucial causes of
ferroptosis. The occurrence of lipid peroxidation in cells can
lead to the destruction of the lipid bilayer and damage to
organelles, ultimately resulting in cell rupture and death[23,
24]. Abnormal lipid metabolism can provide the necessary
material and energy for rapidly proliferating tumor cells, thus
exacerbating their condition[9]. Studies have shown that
metabolic stress can promote the binding of PUFAs to
membrane phospholipids, making tumor cells more sensitive
to ferroptosis[25]. PUFAs are typically enriched in cell
membranes and organelle membranes and are prone to react
with RO generated by Fe*and Fe *-dependent enzymes,
leading to ferroptosis[19, 26]. The reaction between iron ions
and lipid peroxidation can induce ferroptosis through the
generation of ROS. On one hand, ROS can accumulate
extensively through the Fenton reaction and inactivation of
glutathione peroxidase 4 (GPX4). on the other hand, the
continuously accumulating ROS can react with PUFAs,
inducing the formation of LPO. Stockwell's research has found
that iron chelators can inhibit the transfer of electrons from
iron ions to oxygen, thereby reducing the production of ROS in
tumor cells, further elucidating the relationship between iron
ions and ferroptosis[27].

The system Xc - -GSH-GPX4 pathway mediating ferroptosis
The cystine-glutamate antiporter system (system Xc') is a
critical hub in regulating ferroptosis and serves as a key factor
for cellular antioxidant defense[28, 29] In the process of
regulating ferroptosis, system Xc™ can export intracellular
glutamate to the extracellular environment in a 1:1 ratio while
simultaneously importing extracellular cystine into the cell[30].
SLC7A11 is a multi-channel transmembrane protein that plays
an essential role in the dimerization of system Xc', mediating
the reverse transport of cystine and glutamate[31]. This allows
extracellular cystine to enter the membrane via the SLC7A11
protein, where it is oxidized to cysteine and subsequently
catalyzed to produce glutathione (GSH), which participates in
inhibiting tumor ferroptosis and the antioxidant process[32].
GSH is crucial for cellular antioxidant defense, and its
depletion can lead to an accumulation of lipid ROS and
damage to the cell membrane. Long-term deficiency of GSH
may result in ferroptosis of the cell[33].

GPX4 is an antioxidant enzyme that relies on glutathione as
a co-reductant, catalyzing the conversion of harmful lipid
peroxides into relatively harmless water or alcohol, thus
promoting the stability of the cell membrane[34, 35]. When
GPX4 activity is impaired, its detoxifying effect on lipid
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peroxides is significantly reduced, leading to the occurrence
of ferroptosis[36]. Saturated membrane lipids are insensitive
to oxidative stress, while highly saturated membrane lipids
help tumor cells avoid damage from ROS. When tumor cells
express high levels of GPX4, they can reduce ROS production
and maintain redox homeostasis, enabling them to escape
ferroptosis.

Overall, the system Xc -GSH-GPX4 pathway plays a vital role
in regulating ferroptosis in tumor cells. By increasing the
activity of system Xc™ and the synthesis of GSH, cells can
enhance their antioxidant capacity and protect themselves
from the harms of lipid peroxidation and ferroptosis. However,
when the functions of system Xc or GPX4 are compromised,
cells become unable to effectively counter lipid peroxidation
and ferroptosis, ultimately leading to cell death.

Other pathways mediating ferroptosis

Exosomes are vesicular substances secreted by various cells,
ranging from approximately 40 to 100 nm in size[37]. They can
transfer a variety of bioactive molecules, including proteins,
mRNA, and IncRNA, making them a novel communicator in cell
signaling. Studies have shown that IncRNA within exosomes
can regulate the transport and storage of iron ions by
interacting with ferritin. Ferritin is a protein capable of binding
and stabilizing iron ions, allowing it to transport excess iron
ions extracellularly, thereby reducing the accumulation of free
iron within cells and preventing iron-induced oxidative stress
and ferroptosis[38]. In addition, exosomes can influence the
occurrence of ferroptosis by regulating the accumulation
of ROS in cells. Exosomes secreted by tumor-associated
fibroblasts have been found to inhibit ferroptosis in gastric
cancer cells, one mechanism being the reduction of ROS
accumulation, which protects cells from lipid peroxidation
and other forms of damage. Consequently, IncRNA derived
from exosomes presents a potential therapeutic strategy
to modulate iron metabolism and counteract ferroptosis,
thereby influencing disease progression. Further research
into the mechanisms by which exosome-derived IncRNA
regulate ferroptosis will contribute to the development of
new treatment strategies and offer fresh perspectives for the
therapy of related diseases.

In summary, ferroptosis-related IncRNA mediates the
occurrence of ferroptosis in tumor cells through multiple
pathways, including iron ion pathways, lipid peroxidation
pathways, and the system Xc -GSH-GPX4 pathway. These
pathways interact to coordinate the cellular responses to
oxidative stress and lipid peroxidation, ultimately affecting the
induction of ferroptosis.

The Role of Ferroptosis and related IncRNAs
in tumor progress

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the sixth most common
cancer globally and the third leading cause of cancer-related
deaths[39]. However, only a small number of HCC patients are
diagnosed at an early stage, thus missing the optimal timing
for surgical intervention[40]. Research has demonstrated that
ferroptosis induction as a promising strategy, where multiple
IncRNAs exhibit differential regulatory mechanisms through
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Table.1 The role of ferroptosis and related IncRNAs in tumor

LncRNA Name | Cancer Type Regulation Specific Molecular Mechanism Associated Drugs/Small
Molecules
Lo Acts as a ceRNA to sponge miR-141,
KRAL HCC AntloF>{<|dant Pathway upregulate Keap1, and inhibit the Nrf2- |  5-Fluorouracil (5-FU)
egulation L
dependent antioxidant pathway
s Directly downregulates PRDX5,
GABPB1-AS1 HCC Antlo;{qedaur;;tFi’srt]hway bypassing miRNA regulation, inducing -
9 ROS-mediated lipid peroxidation
. Sponges miR-214-3p to relieve GPX4 P
PVT1 HCC System Xc . CPX4 suppression, leading to sorafenib Ketamine (|ph|blts PVTI
Regulation : activity)
resistance
LINCO1134 HCC System Xc '_-GPX4 Suppresses GPX4 expression via miRNA Oxaliplatin
Regulation sponging
- Acts as a ceRNA to sponge miR-362-
NEAT1 HCC Systsgnj;:tioiPX4 3P, upregulates MIOX, and enhances Erastin, RSL3
g NADPH/GSH production
53-Independent Silencing reduces ACSL4, SLC7A11, and
NSCLC P P GPX4 expression, increasing Erastin Erastin
Pathways o
sensitivity
53 -Dependent Binds G3BP1 to enhance p53
P53RRA NSCLC P P nuclear retention, inhibiting SLC7A11 -
Regulatory I
transcription
MEG3 NSCLC p53 -Dependept Upregulates p53 expression to suppress Paclitaxel (PTX)
Regulatory Axis tumor proliferation
p53 -Dependent Interacts with miR6852 via the p53-LSH- )
LINC00336 NSCLC Regulatory Axis ELAVL1 axis, activating the CBS pathway
Chemotherapy-induced upregulation . . .
Lipid Metabolism | stabilizes SCD1 mRNA via hnRNPA1, | CisPlatin, Paclitaxel
FERO GC - : . o (induce FERO
Regulation promoting MUFA synthesis to inhibit .
- A expression)
lipid peroxidation
- . Sponges miR-372-3p to activate
ARHGEF26-AS1 EC L'p'geMslt:t?gr']'sm ADAM23, inhibiting GPX4, SLC3A2, and -
g SLC7A11
Recruits YTHDF2 under hypoxia to
CBSLR Ge Ubiquitination inhibit CBS mRNA transcription, reducing )
Regulation CBS expression and inducing ACSL4
ubiquitination
Ubiquitination Activates VDAC3 ubiquitination via the .
BDNF-AS cC Regulation BDNF-AS/WDRS5/FBXW?7 axis Erastin (targets VDAC3)
) System Xc "-GPX4 1. Acts as ceRNA to sponge miR-128-3p,
OIP5-AST BCa Regulation upregulating SLC7A11 (anti-ferroptosis)
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2. Binds
cadmium to
downregulate
SLC7A11 (pro-
ferroptosis)

Cadmium (pro-
ferroptosis)

System Xc "-GPX4

Sponges miR-16 to upregulate GLS2,

UCAI1 BCa Requlation driving glutamine metabolism and -
9 enhancing GSH synthesis/GPX4 activity
. Sponge miR-129-5p, upregulates
RP11-89 BCa Iron Metabolism PROM2, promoting exosomal iron efflux -

Regulation

and reducing intracellular LIP

Figure.1 The main mechanisms involved in ferroptosis-related IncRNAs
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distinct molecular pathways[21],[41]. The current research
reveals three predominant levels by which IncRNAs modulate
ferroptosis in HCC:

Antioxidant Pathway Regulation

LncRNA and miRNA can regulate the occurrence of ferroptosis
in HCC through the competing endogenous RNA (ceRNA)
mechanism[42, 43]. For instance, the IncRNA KRAL enhances
the expression of Keap1 when bound to miR-141, leading to
the inactivation of the Nrf2-dependent antioxidant pathway[44].
Nrf2 is an important antioxidant factor during oxidative stress
responses and is regulated by Keap1 (Kelch ECH associating
protein 1)[45]. Sun et al. found that knocking out Nrf2-related
genes induces ferroptosis in cells, inhibiting the proliferation of
HCC cells[46]. In the cytoplasm, Nrf2 regulates the expression
and generation of intracellular antioxidant proteins[47]and
ROS[48] by binding to antioxidant response elements (ARE).

Lipid bilayer

Additionally, ferroptosis-related IncRNA can directly regulate
the expression of ROS in tumor cells, thereby mediating lipid
peroxidation. For example, IncRNA GABPB1-AS1 directly
downregulates PRDX5 to induce ROS accumulation, bypassing
miRNA-mediated regulation. This mechanism delivers rapid
oxidative damage but lacks tissue specificity, risking systemic
oxidative stress[49].

System Xc - -GPX4 Regulation

For instance, when IncRNA PVT1 specifically binds to miR-214-
3p, it reduces miR-214-3p inhibitory effect on GPX4, leading to
an increase in GPX4 expression and promoting ferroptosis in
liver cancer cells. Conversely, inhibiting miR-214-3p expression
or overexpressing GPX4 can reverse ferroptosis[50]. Moreover,
Kang et al. [51] found that IncRNA LINC01134 can promote
ferroptosis by affecting GPX4 expression . The nuclear-
enriched abundant transcript 1 (NEAT1) interacts with miR-
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362-3P through the ceRNA mechanism. promoting the
expression of MIOX. Then, MIOX increases the production of
NADPH and GSH. accelerating the occurrence of ferroptosis in
HCC[52].

Reprogramming of Drug Sensitivity

These ferroptosis-related IncRNAs may interact with
chemotherapeutic agents or ferroptosis inducers, offering
novel strategies to overcome treatment resistance in HCC.
KRAL synergizes with 5-fluorouracil (5-FU) by activating the
Nrf2-mediated antioxidant pathway. PVT1 can suppress
the induction of ferroptosis in HCC by ketamine, resulting
in drug resistance. LINC01134 specifically enhancing the
sensitivity of liver cancer patients to oxaliplatin treatment.
NEAT1 significantly increasing the efficacy of small-molecule
drugs like Erastin and RSL3 in inducing ferroptosis. Cross-talk
between IncRNAs (e.g., NEAT1 and LINC01134 co-targeting
GPX4) may produce synergistic or antagonistic effects,
necessitating systems biology approaches to construct
regulatory network models.

These studies indicate that IncRNA holds great promise as a
target for inducing ferroptosis in the therapeutic treatment of
HCC. Collectively, ferroptosis-related IncRNAs redefine HCC
treatment paradigms by targeting redox homeostasis and drug-
response pathways, offering novel strategies to counteract
therapeutic resistance.The current research is mainly based
on in vitro cell models and in vivo animal models, which may
not fully reflect the complex tumor microenvironment and
heterogeneity in human patients. Future research should focus
on validating the findings in larger clinical cohorts to better
understand the translational potential of ferroptosis-related
IncRNAs in HCC.

Lung cancer

Lung cancer is the second most common cancer worldwide
and is also one of the leading causes of cancer-related
deaths[39]. Current treatment options for Non-small cell
lung cancer (NSCLC) include chemotherapy, radiotherapy,
surgical treatment, and biological therapy[53]. Over the
past two decades, most patients with advanced NSCLC
develop resistance to treatment, leading to further disease
progression[54]. Therefore, there is an urgent need to study
personalized treatment regimens for lung cancer, particularly
for NSCLC, and to develop rational and effective combination
therapies[43, 55]. Crucially, IncRNAs are emerging as
key regulators of ferroptosis in NSCLC, primarily through
their interaction with the p53 pathway and downstream
metabolic networks. Below, we synthesize current findings
by categorizing ferroptosis-related IncRNAs based on their
functional mechanisms and clinical implications.

p53-Dependent Regulatory Axis

P53 gene, known as the "guardian of the genome", regulates
cell survival and division under various stress conditions.
Furthermore, p53 can induce ferroptosis in lung cancer by
inhibiting SLC7A11[56]. Studies have found that IncRNA
P53RRA promotes ferroptosis in lung cancer by binding to
G3BP1 and enhancing p53 nuclear retention[57]. Additionally,
the related genes were act in a negative regulatory manner
with respect to p53[58]. For example, MEG3 can promote the
expression of p53, thereby inhibiting NSCLC proliferation[59].
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The combined use of INcRNA MEG3 and paclitaxel (PTX)
significantly enhances the ability of PTX to kill tumor cells[60].
Additionnally, p53 may enhance the expression of lymphoid-
specific helicase (LSH), which promotes ELAV-like RNA binding
protein 1 (ELAVL1) expression and facilitates the interaction
between LINC00336 and miR6852, ultimately activating
cystathionine B-synthase (CBS), a marker of downstream
ferroptosis-related pathways[61].

p53-Independent Pathways

Certain IncRNAs bypass p53 to directly regulate ferroptosis
effectors. Recently, Wu[62]conducted a more in-depth study
on the mechanisms of ferroptosis-related IncRNA in NSCLC.
They discovered that silencing INcRNA NEAT1, in conjunction
with Erastin treatment, significantly reduced the expression
of acyl-CoA synthetase long chain family member 4 (ACSL4),
SLC7A11, and GPX4, thereby increasing tumor cell sensitivity
to ferroptosis.

In summary, research on ferroptosis-related IncRNAs reveals
that the p53 gene participates in regulating ferroptosis in lung
cancer cells through multiple pathways. p53 mediates the
occurrence of ferroptosis through the system Xc -GSH-GPX4
pathway, inhibiting the transcription of the SLC7A11 gene in
the nucleus to reduce cystine uptake and thereby limiting
intracellular glutathione production, ultimately leading to
ferroptosis in NSCLC. However, the clinical sample sizes in
these studies are often small, which restricts the statistical
power and the ability to draw definitive conclusions. Larger,
well-powered clinical trials are needed to validate these
findings and to better understand the clinical relevance of
IncRNA-mediated ferroptosis in NSCLC.

Gastric and Esophageal Cancers

Gastric cancer (GC) and esophageal cancer (EC) are major
contributors to digestive system malignancies, characterized
by high heterogeneity and limited therapeutic options[39].
Recent studies increasingly indicate that ferroptosis and
IncRNAs play crucial roles in the regulation of gastric and
esophageal cancers. Thus, it is essential to develop new
therapeutic strategies based on ferroptosis-related IncRNAs
for these malignancies.

Lipid Metabolism Regulation

Exosomes are pivotal in the initiation and progression of
gastric cancer[63]. Zhang et al. [64]discovered that the
chemotherapy-induced ferroptosis-related exosomal IncRNA
FERO regulates ferroptosis in gastric cancer stem cells.
Chemotherapy (cisplatin/paclitaxel) upregulates FERO via
USP7, which recruits hnRNPA1 to stabilize SCD1T mRNA. SCD1
catalyzes MUFA synthesis, reducing lipid peroxidation and
suppressing ferroptosis in GC stem cells[65]. In esophageal
cancer research, Ren et al.[66] developed a system using
ferroptosis and iron metabolism-related IncRNAs to predict
survival in esophageal squamous cell carcinoma, emphasizing
their relationship with the tumor development. In addition,
InNcRNA ARHGEF26-AS1 has been found to activate the
expression of receptor ADAM23 by adsorbing miR-372-
3p[67]. When both IncRNA ARHGEF26-AS1 and ADAM23 are
underexpressed, the prognosis for esophageal cancer patients
is generally poor. ADAM23 inhibits the protein levels of GPX4,
SLC3A2, and SLC7A11, thereby promoting ferroptosis in



esophageal cancer cells. Both in vivo and in vitro experiments
demonstrate that overexpression of IncRNA ARHGEF26-AS1
and ADAM23 significantly suppresses tumor cell growth and
metastasis.

Ubiquitination Regulation

Ubiquitination is involved in the regulation of ferroptosis in
gastric cancer cells through epigenetic mechanisms|[28].
Hypoxia-induced IncRNA CBSLR recruits YTHDF2 to the m6A-
modified coding sequence of CBS mRNA, thereby inhibiting
the transcription of CBS mRNA. The reduced expression level
of CBS leads to a decrease in ACSL4 protein methylation,
which in turn induces polyubiquitination and degradation of
the corresponding protein, thus triggering ferroptosis GC[68,
69]. Moreover, IncRNA BDNF-AS activates the ubiquitination
of downstream VDAC3 via the BDNF-AS/WDR5/FBXW?7 axis,
influencing ferroptosis in GC[70]. VDAC3, a key gene for ion
transport across mitochondria, is typically overexpressed in
malignant tumors and serves as a target site for Erastin[71].
Clinically, enhancing the efficacy of anticancer drugs while
promoting cellular ferroptosis may be achieved by upregulating
VDAC3 expression through the BDNF-AS axis.

Research on ferroptosis-related IncRNAs provides insights
into the mechanisms mediating ferroptosis from multiple
perspectives, including exosomesand ubiquitination. This
addresses the current limitations in ferroptosis treatment
carriers[72]. Tumor-derived ferroptosis exosomal IncRNAs
can communicate signals related to drug resistance and
angiogenesis to neighboring cells, thereby promoting the
proliferation of gastric cancer cells. Therefore, targeted therapy
against IncRNA FERO in gastric cancer exosomes presents a
promising exosome-based treatment strategy. Such studies
hold promise for advancing clinical diagnosis and prognosis in
digestive system tumors, potentially leading to more effective
targeted therapies for these cancers.

Prostate and Bladder Cancers

Prostate cancer (PCa) and bladder cancer (BCa), the most
prevalent malignancies in the urinary system, collectively
account for significant global cancer burden[73]. Both
cancers share critical clinical challenges including insufficient
diagnostic biomarkers and therapeutic targets, highlighting
the importance of investigating ferroptosis-related IncRNAs
as potential therapeutic avenues[74-76]. This section
integrates the roles played by IncRNA within the following two
frameworks, emphasizing their clinical significance.

System Xc - -GPX4 Regulation

Emerging evidence reveals INncRNAs modulate System
Xc -GPX4 pathway through distinct mechanisms in urinary
cancers. For instant, IncRNA OIP5-AS1 exhibits dual regulatory
roles. First, OIP5-AS1 acts as a ceRNA by sequestering miR-
128-3p, thereby upregulating SLC7A11 expression and
suppressing ferroptosis. On the contrary, it can directly binds
cadmium to downregulate SLC7A11, promoting cadmium-
induced ferroptosis[77]. In addition, IncRNA UCA1 upregulates
mitochondrial glutaminase 2 (GLS2) by sponging miR-16,
driving glutamine metabolic reprogramming[78]. GLS2-
mediated glutamine-to-glutamate conversion fuels system xc-
dependent cystine uptake and GSH synthesis, thereby
suppressing lipid ROS toxicity[79]. Enhanced GSH sustains
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GPX4 activity to antagonize ferroptosis, while concurrently
mitigating oxidative damage to promote bladder cancer
survival[80].

Iron Metabolism Regulation

LncRNA RP11-89 orchestrates ferroptosis resistance by
rewiring iron homeostasis through exosome-mediated iron
effluxin in bladder cancer[81]. RP11-89 functions as a ceRNA
to sequester miR-129-5p, derepressing PROM2 expression.
PROMZ2 encodes prominin2, a key driver of multivesicular body
(MVB) biogenesis. Prominin2 facilitates the packaging of
ferritin-bound iron into MVBs, which are subsequently secreted
as exosomes, effectively depleting intracellular LIP and
suppressing Fenton reaction-driven lipid peroxidation[82].

In conclusion, it is evident that IncRNAs primarily modulate
System Xc -GPX4 and iron metabolism within the urinary
system, thereby mediating the onset of ferroptosis. Future
targeted use of MVB and other novel carriers has the potential
to considerably enhance the delivery of drugs or IncRNAs to
target cells, thereby improving therapeutic outcomes. These
carriers can surmount limitations associated with conventional
drug delivery methods, such as poor drug solubility and
stability. Targeting these pathways more specifically could
augment the efficiency of ferroptosis in clinical applications.

Conclusion and Future Perspectives

Ferroptosis is a novel form of regulated cell death that is
distinct from other forms such as autophagy and pyroptosis.
Ferroptosis not only contributes to tumor cell death but is also
linked to aging[83, 84] and immunity[85, 86], providing new
ideas and strategies for cancer immunotherapy and treatment.
The relationship between ferroptosis and cancer therapy has a
double-edged sword effect; however, our understanding of the
relationship between IncRNA and ferroptosis remains limited.
At present, the development of more precise animal models,
such as patient-derived xenografts (PDX), will provide a better
platform for studying ferroptosis and IncRNA responsiveness.
Furthermore, integrating omics-based profiling, liquid biopsies,
and machine learning models will be essential for overcoming
challenges in ferroptosis research. Additionally, when
combined with appropriate clinical chemotherapy agents,
ferroptosis-related IncRNA can have a greater impact on
cancer therapy, but the mechanisms involved and their clinical
safety require further investigation.

Currently, some targeted drugs for caner, such as sorafenib,
are widely used in the treatment of advanced HCC patients[87].
However, their effectiveness remains limited, while they can
extend the overall survival of patients to some degree, many
HCC patients have shown poor responses to sorafenib
treatment and are prone to developing drug resistance[88, 89].
On one hand, the use of sorafenib can result in significant side
effects, burdening patients. On the other hand, its targeting
mechanism for HCC is relatively singular, primarily functioning
through the inhibition of tumor angiogenesis and targeting the
Raf/MEK/ERK pathway, leading to limitations in targeted
therapy. The related ferroptosis IncRNAs mainly induces
ferroptosis in HCC by regulating GPX4, increasing lipid
peroxidation and influencing the expression of other
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downstream ferroptosis-related iron metabolism genes.
Moreover, they can significantly enhance tumor cells sensitivity
to related small molecules, such as Erastin and commonly
used clinical liver cancer drugs like sorafenib. Erastin
specifically induces ferroptosis by inhibiting the system Xc
-GSH-GPX4 pathway, increasing the feasibility of tumor-
targeted therapies through combination with anticancer drugs.
Although IncRNAs show promise in inducing ferroptosis, their
clinical use has limitations: Firstly, the instability of IncRNAs
can lead to low delivery efficiency, which is a major obstacle to
their clinical use. Developing effective delivery systems (such
as nanoparticles or inclusion bodies) is crucial for enhancing
the stability and bioavailability of IncRNAs. Secondly,
determining the optimal doses of IncRNA - based therapies
and ferroptosis inducers is essential for maximizing
therapeutic effects while minimizing side effects. This requires
careful preclinical and clinical studies to establish dose -
response relationships and identify the most effective
combinations. Lastly, patients with different types of tumors
may exhibit significant individual differences in their responses
to combination therapies. Factors such as genetic background,
tumor microenvironment, and previous treatment history may
affect the effectiveness of different IncRNAs in mediating
ferroptosis in different tumors. In conclusion, although the
combination of IncRNA - mediated ferroptosis induction and
traditional cancer therapies shows great potential, further
research and development are needed to address clinical
challenges and optimize treatment strategies. Future research
should focus on improving the stability and delivery efficiency
of IncRNAs, determining the optimal drug doses,
understanding individual differences in treatment responses,
and developing effective strategies to deal with potential
adverse reactions.

Current research on IncRNAs mediating tumor ferroptosis
remains limited, with their functional roles and mechanistic
underpinnings incompletely characterized. In this review, we
systematically analyze ferroptosis-associated IncRNAs across
six malignancies spanning four biological systems, including
hepatocellular carcinoma in the digestive system, and
prostate/bladder cancers in the genitourinary system. We
found that the mechanisms involved in ferroptosis vary across
different tumors, but the core pathways are consistently
centered around iron metabolism, lipid peroxidation, and the
system Xc™ - GPX4 pathway. Research on IncRNA - mediated
ferroptosis in other types of tumors is also on the rise. In the
future, the relationship between the two will be further
supplemented, providing more help for clinical cancer
treatment.
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