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A new type of nonapoptotic, iron-dependent cell death induced by lipid peroxidation is known as ferroptosis. Numerous
pathological processes, including inflammation and cancer, have been demonstrated to be influenced by changes in the
ferroptosis-regulating network. Long non-coding RNAs (LncRNAs) are a group of functional RNA molecules that are not translated
into proteins, which can regulate gene expression in various manners. An increasing number of studies have shown that lncRNAs
can interfere with the progression of ferroptosis by modulating ferroptosis-related genes directly or indirectly. Despite evidence
implicating lncRNAs in cancer and inflammation, studies on their mechanisms and therapeutic potential remain scarce. We
investigate the mechanisms of lncRNA-mediated regulation of inflammation and cancer immunity, assessing the feasibility and
challenges of lncRNAs as therapeutic targets in these conditions.
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FACTS

● Ferroptosis is associated with the development of a variety of
diseases, such as inflammation and cancer.

● Inducing ferroptosis holds the potential to treat drug-resistant
tumors and enhance the efficacy of immunotherapy.

● The aberrant expression of lncRNAs is widely acknowledged
for its profound impact on oncogenic processes.

● Ferroptosis and lncRNA can regulate the secretion of
cytokines, thereby affecting the progression of diseases such
as inflammation and cancer.

● LncRNA expression is tissue-specific and stage-specific and
can be used as a biomarker for disease diagnosis.

OPEN QUESTIONS

● What is the precise execution mechanism of ferroptosis? Are
there any unknown mechanisms of ferroptosis induction?

● Ferroptosis is associated with cancer immunotherapy, but
what is the specific mechanism of their interaction?

● How can the regulation of ferroptosis by lncRNA be harnessed
to intervene in the course of diseases, thereby achieving the
goal of treating diseases?

● How can the synergistic effect of lncRNA and ferroptosis be
enhanced to improve the efficacy of cancer immunotherapy?

● How can specific lncRNAs be delivered via exosomes to

regulate ferroptosis, and how can the efficacy and safety of
this combined application be assessed?

INTRODUCTION
In 2012, Dixon and his colleagues first proposed the concept of
“ferroptosis”, indicating ferroptosis as a novel regulatory form of
cell death dependent on iron-induced lipid peroxidation accumu-
lation [1]. Compared to other types of regulated cell death such as
apoptosis, autophagy, and necrosis, ferroptosis exhibits significant
differences in morphology and mechanism. Its morphological
features mainly include mitochondrial shrinkage, decreased
mitochondrial cristae, and increased membrane density [1–3].
Biochemically, the key features of ferroptosis include increased
reactive oxygen species (ROS) generation and accumulation of
lipid peroxides. Ferroptosis plays a crucial role in various
pathological processes such as inflammatory diseases [4]. Research
on this form of cell death not only deepens our understanding of
cellular fate regulation but also provides new directions for
therapeutic strategies. Particularly noteworthy is the relationship
between ferroptosis and tumor immunotherapy. Studies suggest
that targeting ferroptosis may overcome resistance to certain
cancer treatments, offering patients who are not responding well
to conventional therapy with alternative therapeutic options [5–7].
Long non-coding RNAs (lncRNAs), exceeding 200 nucleotides in

length, are a diverse class of transcripts encoded by the genome.
An increasing body of research indicates that lncRNAs are capable

Received: 9 September 2024 Revised: 12 December 2024 Accepted: 7 January 2025

1Guangdong Provincial Key Laboratory of Advanced Drug Delivery, Guangdong Provincial Engineering Center of Topical Precise Drug Delivery System, School of Life Sciences
and Biopharmaceutics, Guangdong Pharmaceutical University, Guangzhou, China. 2Biomedicine Research Centre, Guangdong Provincial Key Laboratory of Major Obstetric
Diseases; Guangdong Provicial Clinical Research Center for Obsterics and Gynecology, The Third Affiliated Hospital of Guangzhou Medical University, Guangzhou Medical
University, Guangzhou, China. ✉email: wugy8@mail2.sysu.edu.cn; rxzhang@gdpu.edu.cn; zhujinrong@gdpu.edu.cn

www.nature.com/cddiscovery

Official journal of CDDpress

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41420-025-02290-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41420-025-02290-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41420-025-02290-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41420-025-02290-6&domain=pdf
http://orcid.org/0000-0001-8034-9592
http://orcid.org/0000-0001-8034-9592
http://orcid.org/0000-0001-8034-9592
http://orcid.org/0000-0001-8034-9592
http://orcid.org/0000-0001-8034-9592
http://orcid.org/0000-0002-4083-374X
http://orcid.org/0000-0002-4083-374X
http://orcid.org/0000-0002-4083-374X
http://orcid.org/0000-0002-4083-374X
http://orcid.org/0000-0002-4083-374X
http://orcid.org/0000-0001-6088-5646
http://orcid.org/0000-0001-6088-5646
http://orcid.org/0000-0001-6088-5646
http://orcid.org/0000-0001-6088-5646
http://orcid.org/0000-0001-6088-5646
https://doi.org/10.1038/s41420-025-02290-6
mailto:wugy8@mail2.sysu.edu.cn
mailto:rxzhang@gdpu.edu.cn
mailto:zhujinrong@gdpu.edu.cn
www.nature.com/cddiscovery


of intricately regulating gene expression by engaging in complex
interactions with DNA, mRNA, and proteins. Through these
interactions, lncRNAs exert regulatory control over various aspects
of cellular processes, including chromatin organization, transcrip-
tional modulation, protein translation, and subcellular localization
[8, 9]. Furthermore, lncRNAs serve as competitive endogenous
RNAs (ceRNAs) for microRNAs (miRNAs), thereby modulating gene
expression levels indirectly through competitive binding with
target gene mRNAs. This mechanism introduces an additional
stratum of intricacy within the regulatory framework, thereby
elucidating the polyvalent functions of lncRNAs in the modulation
of gene expression [10, 11]. Notably, a subset of lncRNAs harbors
small open reading frames (sORFs), encoding functional peptides
with tissue specificity implicated in various biological processes,
including cancer progression [12–14]. Despite their generally low
expression levels under normal physiological conditions, certain
lncRNAs exhibit tissue-specific or condition-dependent upregula-
tion [15], rendering them promising candidates as biomarkers and
therapeutic targets. For instance, lncRNA PCA3 has emerged as a
promising biomarker for early prostate cancer detection [16], and
the aberrant expression of lncRNA MALAT1 in cancer cells
underlines its potential as a therapeutic target in cancer treatment
[17, 18]. In addition, numerous studies suggest that lncRNAs play a
pivotal role in regulating ferroptosis. Research has revealed that
LINC00618, a lncRNA, accelerates ferroptosis in a manner
dependent on apoptosis, thereby influencing the ferroptosis
process in cancer [19]. Additionally, lncRNAs play a crucial role
in regulating inflammatory diseases and the immune system [20].
Elucidating the molecular mechanisms of lncRNAs in immune

regulation can provide new strategies for the early diagnosis and
treatment of cancer and inflammatory diseases. Therefore, this
paper reviews the molecular mechanisms of lncRNAs in the
immune system and inflammation, focusing on the role of
lncRNAs in regulating cancer development via the ferroptosis
pathway. This sheds light on targeting ferroptosis and ferroptosis-
related lncRNAs as a potential clinical approach for cancer therapy.

METABOLIC MECHANISMS OF FERROPTOSIS
The cellular mechanisms underlying ferroptosis primarily rely on the
generation and detoxification of lipid peroxidation, which are pivotal
biological processes. In the event of cells being unable to effectively
neutralise excessive intracellular ROS through antioxidant mechan-
isms, an accumulation of oxidised lipids occurs, which ultimately
results in ferroptosis [21]. In this antioxidant biological process,
glutathione peroxidase 4 (GPX4) and glutathione (GSH) play a
significant regulatory role in conjunction with one another.
Furthermore, the ferroptosis suppressor protein 1 (FSP1)-Coenzyme
QH2 (CoQH2) and Dihydroorotate dehydrogenase (DHODH)-
CoQH2 systems also exert indispensable effects [22, 23]. Further-
more, the onset of ferroptosis is associated with multiple cellular
metabolic processes, including iron and lipid metabolism. In
conclusion, the regulation of ferroptosis is a complex process
involving a multitude of cellular metabolic pathways.

FERROPTOSIS AND INFLAMMATION
Inflammation is a protective response to stimuli that disturb the
homeostasis within the body [24]. In normal circumstances,
inflammation promptly resolves after the body clears an infection,
thereby restraining continued tissue damage during the inflammatory
phase [25]. The relationship between inflammation and ferroptosis is
highly intricate. When cells undergo ferroptosis, lipid peroxides on the
membrane may be identified as damage-associated molecular
patterns (DAMPs), thus instigating immune system activation and
triggering an inflammatory response [26]. Oxidative stress and
immune responses occurring during the inflammatory process may
also contribute to the promotion of ferroptosis [27]. Several

inflammatory cytokines [28], such as Interleukin-1 (IL-1), IL-6, and
tumor necrosis factor (TNF) have been demonstrated to impact the
levels and activity of GPX4. For instance, TNF treatment of cells can
lead to decreased GPX4 levels, potentially further inducing ferroptosis.
The nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
κB) is a canonical signaling pathway involved in various pathological
and physiological processes [29], regulating inflammation and the
immune system. Dimethyl fumarate (DMF), as an activator of nuclear
factor erythroid 2-related factor 2(NRF2), leads to upregulation of IκBα
and inhibition of NF-κB signaling pathway activation, promoting the
expression of heme oxygenase 1(HMOX1) and GPX4. Consequently,
this alleviates neuroinflammation and inhibits ferroptosis [30].
Nucleotide-binding oligomerization structural domain receptor pro-
tein 3 (NLRP3) inflammasome has been demonstrated to be
associated with ferroptosis. In dry AMD mouse models, intracellular
accumulation of excess Fe2+ drives NLRP3 inflammasome activation
through the cGAS-STING1 pathway, inducing lipid peroxidation and
consequently leading to ferroptosis [31]. Furthermore, ferroptosis
inhibitor ferritin-1 suppresses the expression of NLRP3 and caspase-1,
while ferroptosis inducer Erastin promotes the activation of NLRP1
and NLRP3 [32]. These studies suggest that inflammasomes may be
pivotal steps in ferroptosis. Other inflammation-related signaling
pathways, including MAPK, JAK/STAT, and cGAS-STING1, have also
been demonstrated to be closely associated with ferroptosis [33].
Overall, the interplay between ferroptosis and these inflammatory
signaling pathways provides novel strategies for the treatment of
inflammatory diseases (Fig. 1).
CD8+ T cells and CD4+ T cells deficient in GPX4 exhibit impaired

resistance against viral and parasitic infections [34]. HMGB1, a
typical DAM, can engage pattern recognition receptors, thereby
instigating the activation of innate and adaptive immunity
cascades alongside eliciting inflammatory responses. The attenua-
tion of HMGB1 release helps to reduce the inflammatory
environment during the progression of ferroptosis [35]. Further-
more, HMGB1 has been intricately associated with diverse
oncogenic advancements and unfavorable prognostic outcomes
[36]. Consequently, meticulous scrutiny is warranted to validate
the assertion positing HMGB1’s favorable influence on anti-tumor
immunotherapeutic strategies propelled by ferroptosis.

FERROPTOSIS AND TUMOR IMMUNITY
Previous research has demonstrated that immune cells can trigger
ferroptosis in tumor cells through the production of cytokines,
thereby contributing to the development of an anti-tumor immune
response. Ferroptosis also plays a role in the anti-tumor immune
process [37]. According to Wang et al., the combination of ferroptosis
inducers and immune checkpoint inhibitors can enhance T cell-
mediated anti-tumor immune responses. This study further eluci-
dates that anti-PD-L1 immunotherapy induces the release of TNFs
and interferon-gamma (IFN-γ) by CD8+ T cells, thereby inhibiting the
expression of Xc-system, promoting ferroptosis in tumor cells, and
highlighting the pivotal role of ferroptosis in immune therapy
[38, 39]. This revelation sheds light on a novel mechanism by which
ferroptosis inhibits tumor cells. However, an alternative investigation
posits that ferroptosis inducers possess the capability to induce
apoptosis in T cells, consequently impeding immune responses. This
indicates that the function of ferroptosis in regulating cancer
immunotherapy is intricate and contingent upon the specific context.
Moreover, it has been observed that ferroptosis exhibits synergistic
effects between radiotherapy and immunotherapy [40]. Conse-
quently, a deeper exploration into the disparate susceptibility of
cancerous and immune cells to ferroptosis is imperative.

THE ROLE OF LNCRNA IN FERROPTOSIS
LncRNAs have been demonstrated to play a role in the regulation
of iron metabolism and other related genes through various
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mechanisms. Consequently, further investigation into the precise
mechanisms by which lncRNAs regulate ferroptosis may facilitate
the development of novel therapeutic strategies for disease
treatment.
Recent studies have underscored the pivotal regulatory role of

lncRNAs as facilitators of ferroptosis. For example, lncRNA RP11-89
has been implicated in the augmentation of PROM2-mediated
formation of iron-laden multivesicular bodies (MVBs) and sub-
sequent iron release by silencing miR-129-5p expression, culmi-
nating in fatal intracellular iron accumulation and eventual
initiation of ferroptosis [41]. Additionally, the cystine/glutamate
antiporter essential subunit, solute carrier family 7 member 11
(SLC7A11), is regulated by lncRNAs, thereby modulating ferropto-
sis. Notably, LINC00618 has been shown to interact with
lymphoid-specific helicase(LSH), leading to the inhibition of
SLC7A11 expression and the induction of ferroptosis [19].
Moreover, the intricate interplay between lncRNAs and the

regulation of ferroptosis extends to their pivotal roles in its
suppression. For example, lncRNA OIP5-AS1 has been demon-
strated to attenuate ferroptosis in prostate cancer cells by
promoting the upregulation of SLC7A11 expression via the
silencing of miR-128-3P [42]. Within the antioxidant system,
GPX4 assumes a central position, and lncRNAs exert their
regulatory influence over ferroptosis by modulating GPX4 activity.
Notably, LINC01134 has been shown to enhance GPX4 expression
by facilitating the binding of nuclear factor NRF2 to the GPX4
promoter, thereby mitigating ferroptosis [43].
Furthermore, certain lncRNAs intricately regulate ferroptosis in

cancer cells by modulating the protein expression levels of genes
pivotal to ferroptosis. NRF2, a central regulator of oxidative stress
response pathways, including the regulation of GPX4, also
emerges as a key mediator of resistance to diverse chemotherapy
agents and targeted therapeutics by impeding ferroptosis

signaling cascades [44]. For instance, NRF2 functions dually to
curtail ROS generation while concomitantly bolstering SLC7A11
expression, thereby restricting cellular iron uptake. The research
elucidates that LINC00239 achieves inhibition of ferroptosis in
colorectal cancer cells by stabilizing NRF2 through its interaction
with Kelch-like ECH-associated protein 1 (Keap1) [45]. In summary,
lncRNA plays indispensable roles throughout the entire process of
ferroptosis development and occurrence.
In summary, the rapidly expanding field of lncRNA research has

elucidated the intricate regulatory mechanisms through which
these molecules orchestrate ferroptosis, thereby identifying novel
avenues for disease therapeutics and underscoring the necessity
for further investigation (Fig. 2).

LNCRNA AND INFLAMMATION
In recent years, research has highlighted the significant regulatory
role of lncRNA as crucial molecular modulators in inflammation.
They exert this influence by modulating the expression of
inflammatory genes and regulating the activation of inflammatory
signaling pathways, thereby playing a pivotal influence over the
onset and progression of inflammation.

Role of lncRNAs in modulating pro-inflammatory cytokines
LncRNAs influence the production of pro-inflammatory cytokines
and the activation status of immune cells by interacting with
multiple molecular targets. TNF-α, a pro-inflammatory cytokine
produced by T helper 1 (Th1) cells, is secreted by macrophages
and exerts significant regulatory effects in various inflammatory
conditions. LncRNA has been implicated in modulating the
progression of inflammatory diseases by impacting TNF-α levels,
as evidenced by research [46]. For instance, in colitis, there is an
observed elevation in the expression of lncRNA DANCR. It has

Fig. 1 Interplay between inflammatory cytokines and ferroptosis. DHODH dihydroorotate dehydrogenase, FSP1 Ferroptosis suppressor
protein 1, DMF Dimethyl fumarate, NF-κB nuclear factor kappa-light-chain-enhancer of activated B cells, GPX4 Glutathione peroxidase 4,
ACSL4 Long-chain Acyl-CoA Synthetase 4, GSH Glutathione, LIP Labile iron pool, PUFA Polyunsaturated fatty acids, ROS Reactive oxygen
species, TF Transferrin, TFR1 Transferrin receptor 1, STEAP3 Six-Transmembrane Epithelial Antigen of Prostate 3, NLRP3 Nucleotide-binding
oligomerization structural domain receptor protein 3, FMN Flavin mononucleotide, LPCAT3 Lysophosphatidylcholine acyltransferase 3, ALOX
Arachidonate 5-lipoxygenase.
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been demonstrated that attenuation of lncRNA DANCR expression
leads to a reduction in TNF-α levels, thereby mitigating
inflammation and suggesting as a therapeutic strategy for colitis
[47]. IL-1 serves as a pivotal pro-inflammatory cytokine, while
lncRNA HULC has been demonstrated to exert an inhibitory effect
on IL-1 expression, consequently attenuating the inflammatory
response [48]. Additionally, it has been elucidated that lncRNA
NEAT1 functions to suppress the Toll-like receptor 2 (TLR2)/NF-κB
signaling pathway, a pathway intricately involved in myocardial
injury, wherein the activation of TLR2/NF-κB elicits an upregulation
of IL-1. Thus, the modulation exerted by lncRNA NEAT1 on IL-1
levels may serves to ameliorate myocardial inflammation [49]. IL-4
is an inflammation factor of significant biological importance,
upregulated in various inflammatory diseases [46]. One of its
mechanisms in inflammation regulation involves inducing M2
polarization in macrophages. However, the overexpression of
lncRNA PTPRE-AS1 can decrease IL-4 levels, thereby reducing M2
polarization in macrophages, potentially offering a therapeutic
approach for pulmonary allergic inflammation [50]. Conversely, in
a DSS-induced mouse colitis model, a deficiency in lncRNA PTPRE-
AS1 promotes M2 macrophage activation, thus inhibiting the
progression of colitis [50]. These findings suggest that lncRNA
PTPRE-AS1 may serve as a crucial regulatory factor in other
inflammatory diseases as well.

Role of lncRNAs in modulating anti-inflammatory cytokines
In terms of anti-inflammatory responses, lncRNAs can inhibit
excessive inflammation by regulating the expression of anti-
inflammatory cytokines such as IL-10. IL-10, as a vital anti-
inflammatory cytokine, plays a pivotal role in autoimmune and
inflammatory disorders [51]. The regulatory influence of lncRNAs
on IL-10 has significant implications for the progression of diverse
inflammatory pathologies. Targeted modulation of lncRNAs to
adjust IL-10 levels represents a promising avenue for therapeutic
intervention in inflammatory diseases. Notably, studies have
elucidated that silencing of lncRNA NEAT1 can augment IL-10
expression, thereby alleviating asthma-related inflammation [52].

Additionally, in the context of Alzheimer’s disease (AD) neuroin-
flammation, lncRNA MALAT1 downregulates the expression of IL-6
and TNF-α while concurrently enhancing IL-10 levels, suggesting
the potential therapeutic value of targeting lncRNA MALAT1 in AD
[53].
Overall, lncRNAs exert a regulatory influence on inflammation

by modulating inflammatory mediators and signaling pathways. A
comprehensive exploration of the functions and regulatory
mechanisms of these lncRNAs is essential for unraveling the
molecular intricacies of inflammation regulation, thereby poten-
tially providing novel strategies for the treatment of associated
diseases (Fig. 3).

LNCRNA AND TUMOR IMMUNITY
Antigen presentation defects, T cell exhaustion, and the presence
of tumor-associated macrophages (TAMs), etc., are key factors
leading to tumor immune evasion and resistance to cancer
therapy, these factors are also the primary focus for improving
existing cancer immunotherapies [54]. Research has demonstrated
the involvement of lncRNAs in multiple facets of cancer immunity,
including antigen presentation to T cell exhaustion [55]. Dendritic
cells (DCs) have the capability to process and present tumor
antigens, thereby activating CD8+ T cells. Tumor-associated
antigens can be captured and presented by DCs, with surface
receptor molecules on CD8+ T cells selectively recognizing and
binding to the major histocompatibility complex class I (MHC I).
Subsequently, activated CD8+ T cells migrate to the tumor site,
thereby identifying and eliminating cancer cells. Within DCs, it has
been observed that the lncRNA DC can modulate the secretion of
TNF-α, IL-6, and IFN-γ. Knockdown of lncRNA DC can reduce the
differentiation and antigen-presenting capabilities of DCs. Antigen
presentation is a crucial process for triggering effective immune
responses. LncRNAs facilitate tumor immune evasion by dampen-
ing antigen presentation mechanisms [56]. Notably, lncRNA NKILA
is highly expressed within cytotoxic T cells and Th1 cells,
modulating tumor cell immune evasion by inhibiting NF-κB

Fig. 2 Regulation mechanisms of lncRNAs to ferroptosis. Left: Regulations of lncRNAs to iron metabolism. Middle: Regulations of lncRNAs to
lipid metabolism. Right: Regulation of lncRNAs to amino acid metabolism.
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activation [57]. The majority of tumors exhibit significant
infiltration by regulatory T cells (Tregs), a phenomenon that is
associated with tumor immune evasion. Investigations suggest
that lncRNA SNHG1 functions to hinder Tregs differentiation,
consequently suppressing tumor immune evasion. IFN-γ is a
multifunctional cytokine that plays a pivotal role in tumor
immunity. Lnc-Tim3, upregulated in hepatocellular carcinoma
patients, exerts inhibitory effects on the production of IFN-γ and
IL-2 while promoting T-cell exhaustion, closely intertwining with
anti-tumor immunity [58]. TAMs represent a pivotal constituent of
the tumor microenvironment, exerting essential functions in the
context of anti-tumor immunity. Relevant investigations under-
score the notable implication of lncRNAs in TAM polarization. In
essence, lncRNAs emerge as indispensable players in the
orchestration of anti-tumor immune responses (Fig. 3).

ROLE OF LNCRNAS IN CANCER PROGRESSION VIA THE
FERROPTOSIS PATHWAY
LncRNAs inhibit tumor progression through the ferroptosis
pathway
Despite the availability of multiple pharmacological agents for the
clinical management of tumors, the clinical efficacy remains
suboptimal. Increasing evidence suggests that tumor cells have
exhibited resistance to multiple chemotherapeutic agents, the
5-year survival rate among cancer patients is suboptimal. An
increasing body of research evidence indicates that modulation of
lncRNA expression can enhance the sensitivity of drug-resistant
cancer cells to ferroptosis, thereby overcoming chemoresistance
[59], underscoring their profound significance in this context.
Studies have demonstrated that silencing the lncRNA HOTAIR can

enhance the sensitivity of esophageal cancer (EC) cells to
5-fluorouracil (FU) chemotherapy [60]. According to reports,
LINC00261 has also demonstrated regulatory effects on the
chemosensitivity of EC cells to 5-FU, suggesting that targeting
these lncRNAs in combination with chemotherapy agents may
play a significant role in overcoming clinical drug resistance in EC
[61]. The relevant evidence indicates that lncRNAs play a pivotal
role in EC by regulating ferroptosis. For example, research
demonstrates that lncRNA TMEM44-AS1 upregulates GPX4 expres-
sion via insulin-like growth factor 2 mRNA binding protein 2
(IGF2BP2), thereby inhibiting ferroptosis. This suggests that
targeting lncRNA TMEM44-AS1 could serve as a potential
therapeutic approach for combating esophageal squamous cell
carcinoma (ESCC) [62]. Reportedly, the attenuation of lncRNA
BBOX1-AS1 has been documented to decrease SLC7A11 levels,
facilitating ferroptosis in ESCC cells and consequently impeding
the advancement of ESCC [63]. The evidence indicates that
ferroptosis-related lncRNAs may represent novel pharmacological
targets for esophageal cancer, underscoring the importance of
additional in-depth research.
Hepatocellular carcinoma (HCC) is one of the most common

malignant tumors globally. Therefore, finding diagnostic markers
and exploring new treatment methods are of great significance for
treating liver cancer patients. Several studies have commenced
investigating the regulatory role of lncRNAs in ferroptosis within
HCC cells. The lncRNA HEPFAL mediates the reduction of SLC7A11
levels by promoting ubiquitination, consequently increasing ROS
and iron levels, thereby facilitating ferroptosis in HCC [64]. The
lncRNA NEAT1 has been demonstrated to participate in various
forms of cell death. Notably, lncRNA NEAT1 has been demon-
strated to be intimately associated with the process of ferroptosis.

Fig. 3 The crosstalk between lncRNA and inflammatory cytokines. LncRNAs regulate immune cells and inflammatory factors, thereby
modulating tumor immune evasion, colitis, Alzheimer's disease, and pulmonary allergic inflammation. → indicates promotion, ⊥ indicates
inhibition.
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For example, investigations suggest that lncRNA NEAT1 can drive
the upregulation of MIOX by interacting with miR-362-3p, thereby
inducing ferroptosis in HCC upon exposure to Erastin and RSL3,
thus impeding the progression of HCC [65]. Erastin upregulates
the expression of lncRNA GABPB1 AS-1, resulting in the inhibition
of GABPB1 translation and subsequent reduction in peroxiredoxin
5 (PRDX5) expression. Consequently, this facilitates the accumula-
tion of ROS and ultimately induces ferroptosis in HepG2 cells [66].
Emerging research indicates that lncRNAs exert regulatory control
over ferroptosis through intricate interactions with miRNAs. For
example, lncRNA PVT1 has been demonstrated to impede GPX4
expression by inhibiting the translation of miR-214-3p, thereby
inducing ferroptosis in HCC cells [67]. These lncRNAs hold promise
as plausible diagnostic modalities for early detection of HCC and
may serve as prospective therapeutic targets.
Numerous preclinical studies have demonstrated that lncRNAs

associated with ferroptosis exhibit varying expression levels across
different tumor cells and tissues, which not only suggests the
potential of lncRNAs as diagnostic and prognostic biomarkers [68]
but also offers a novel perspective for personalized cancer
treatment [69]. The widespread observation of abnormal expres-
sion of lncRNAs in breast cancer indicates that certain lncRNAs
may serve as diagnostic biomarkers or potential therapeutic
targets for the disease. Studies have identified that lncRNA FASA
interacts with the Ahpc-TSA domain of PRDX1, thereby promoting
the liquid-liquid phase separation of PRDX1, which leads to the
accumulation of peroxides. This accumulation subsequently
heightens the susceptibility of triple-negative breast cancer
(TNBC) to ferroptosis [70]. LncRNA P53RRA not only inhibits the
progression of lung cancer but also suppresses the development
of breast cancer by promoting ferroptosis [71]. Other lncRNAs
associated with ferroptosis have been discovered, potentially
offering promising therapeutic targets for breast cancer. Further-
more, the bioinformatic analysis of breast cancer biomarkers plays
a pivotal role in predicting prognosis and enhancing treatment

outcomes [72]. Evidence suggests that Erastin upregulates the
expression of lncRNA A2M-AS1, which in turn interacts directly
with poly(C)-binding protein 3 (PCBP3), consequently facilitating
the occurrence of ferroptosis in pancreatic cancer cells [73].
In conclusion, lncRNAs have been demonstrated to impede

cancer progression by regulating ferroptosis. This regulation can
shift the cellular equilibrium in favor of ferroptosis cells.
LncRNAs offer a novel approach to cancer therapy by modulat-
ing these regulatory mechanisms, rendering them prospective
therapeutic targets for the selective induction of ferroptosis in
cancer cells. However, the specific mechanisms by which
lncRNAs influence cancer treatment through the regulation of
ferroptosis have not been adequately investigated in clinical
trials, and further exploration is warranted in this field. More-
over, considering the heterogeneity of lncRNA expression across
different cancers, the prospects for the application of targeted
lncRNA therapeutic strategies in personalized medicine are
promising (Fig. 4) (Table 1).

LncRNAs promote tumor progression through the ferroptosis
pathway
The regulation of ferroptosis by lncRNAs is a complex process. The
expression levels of ferroptosis-associated lncRNAs vary across
different stages of cancer in patients, indicating their potential utility
as biomarkers for monitoring disease progression and prognosis.
Several ferroptosis-related lncRNAs have been substantiated to be
associated with the prognostic outcomes of patients with lung
carcinoma, exemplified by lncRNA PELATON [74]. Drug resistance is
the main reason for the poor clinical treatment outcomes of cancer,
with a discernible correlation established between the heightened
expression of lncRNAs and the acquisition of chemoresistance in lung
carcinoma. Platinum resistance poses a primary challenge in the
clinical management of non-small cell lung cancer (NSCLC). The
lncRNA ITGB2-AS1, through its interaction with FOS-like 2(FOSL2),
enhances nicotinamide phosphoribosyl transferase (NAMPT)

Fig. 4 Long non-coding RNAs play pivotal roles in the pathogenesis and progression of diverse cancer types. The expression of lncRNAs
and their modulation of the ferroptosis pathway collectively regulate key processes such astumor cell proliferation, invasion, and migration.
These regulatory actions significantly influence the initiation andprogression of tumor development. → indicates promotion and increased
expression, ⊥ indicates inhibition.
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expression, thereby further suppressing p53-mediated ferroptosis, and
consequently fostering cisplatin resistance in NSCLC [75]. Therefore,
the regulatory role of lncRNA in ferroptosis may contribute to a better
understanding of drug resistance mechanisms in lung cancer.
Targeting these ferroptosis-associated lncRNAs holds promise as a
promising approach for treating lung cancer. Additionally, lncRNAs
also play a significant role in breast cancer. For instance, findings
suggest that HCP5-132aa, encoded by lncRNA HCP5, exerts a
suppressive effect on ferroptosis while promoting the malignant
progression of TNBC. This effect is achieved through the upregulation
of GPX4 expression and the concurrent reduction of lipid reactive ROS
levels [76]. An increasing body of research indicates that lncRNAs exert
considerable influence on the initiation and progression of pancreatic
cancer. The findings suggest that LINC00578 mediates the inhibition
of ferroptosis in pancreatic cancer by specifically interacting with
UBE2K, thereby impeding the ubiquitination process of SLC7A11, and
consequently fostering the progression of pancreatic cancer [77]. As
reported, LINC01133 augments the stability of the ferroptosis
suppressor FSP1 by facilitating the formation of a LINC01133-FUS-
FSP1 complex. This interaction subsequently impedes ferroptosis,
thereby fostering the progression of pancreatic cancer [78]. These
lncRNAs facilitate the pathological advancement of pancreatic cancer
by inhibiting ferroptosis in cancer cells. Conversely, the suppression of
these lncRNAs’ expression could promote ferroptosis and thereby
inhibit the progression of pancreatic cancer. These findings may
provide novel research directions for exploring the specific regulatory
mechanisms between ferroptosis-related lncRNAs and pancreatic
cancer.
Meanwhile, ferroptosis-associated lncRNAs play a pivotal role in

the pathogenesis of gastric cancer. For instance, the lncRNA
CASC2 exerts its influence by downregulating SLC7A11 expression
via SOCS2, thereby promoting ferroptosis in gastric cancer cells
[79]. The hypoxic microenvironment has been proven to be
correlated with tumor drug resistance and poor prognosis. The
hypoxia-inducible lncRNA CBSLR has been shown to notably
increase the expression levels of acyl-CoA synthetase long-chain
family member 4 (ACSL4) upon its knockdown. This subsequently
regulates ferroptosis in gastric cancer cells, suggesting that

lncRNA CBSLR may potentially be a therapeutic target for hypoxic
tumors [80]. The lncRNA BDNF-AS/WDR5/FBXW7 axis modulates
ferroptosis in gastric cancer by impacting the ubiquitination of
voltage-dependent anion channel 3 (VDAC3), thereby mediating
peritoneal metastasis of gastric cancer [81].
The results of these studies collectively indicate that as more

lncRNAs associated with ferroptosis are identified and studied,
they are likely to become important therapeutic targets for tumors
in the future. However, the instability of lncRNAs leads to low
delivery efficiency, and they face challenges in clinical application,
including tolerability, off-target effects, and potential immune
responses [82], further research is required to elucidate the precise
regulatory functions of lncRNAs in cancer via ferroptosis, to
develop more efficacious clinical treatments. Future studies that
encapsulate anticancer drugs (such as sorafenib) and ferroptosis-
related lncRNAs within nanoparticles for cancer treatment could
significantly enhance the clinical application potential of lncRNA-
based therapies in oncology, representing a promising novel
approach to cancer treatment (Fig. 4) (Table 1).

THERAPEUTIC POTENTIAL OF LNCRNA IN FERROPTOSIS
In the current landscape of oncological research, the exploration of
lncRNAs for cancer therapeutics is still in its nascent phase. The
development of lncRNA-based therapeutics is predominantly con-
strained by challenges pertaining to specificity, delivery mechanisms,
and patient tolerance. Therefore, investigators are innovating new
lncRNA therapeutic strategies to address these shortcomings and
augment the feasibility of clinical translation. For instance, research
has indicated that lncRNA MT1DP, encapsulated within folate-
modified liposomes, modulates the miR-365a-3p/NRF2 axis in non-
small cell lung cancer (NSCLC), thereby potentiating the ferroptotic
response induced by Erastin and facilitating ferroptosis in lung cancer
cells [83]. This study suggests that the combination of nanoparticles
and lncRNA for the targeted delivery to specific cancer cells
represents a highly promising strategy with significant potential for
clinical applications in the treatment of lung cancer. Despite the
promising advancements in using lncRNAs for cancer therapeutics,

Table 1. Examples of lncRNAs regulations ferroptosis in cancer.

Name Role in ferroptosis Mechanism of action Reference

LncRNA HEPFAL Induces ferroptosis in HCC Promoting the ubiquitination of SLC7A11 [64]

LncRNA PVT1 Inhibits ferroptosis in HCC Sponges miR-214-3p, upregulates GPX4 [67]

LncRNA
GABPB1 AS-1

Induces ferroptosis in HCC Inhibits GABPB1 translation, downregulates GABPB1 and PRDX5 [66]

LINC00618 Induces ferroptosis in leukemias Downregulates SLC7A11 via attenuation of LSH expression [19]

LncRNA FASA Induces ferroptosis in TNBC Enhancing the formation of PRDX1 [70]

LncRNA CASC2 Induces ferroptosis in Gastric cancer Downregulates SLC7A11 [74]

LncRNA MT1DP Induces ferroptosis in NSCLC Stabilizes miR-365a-3p, downregulates NRF2 [75]

LncRNA
TMEM44-AS1

Inhibits ferroptosis in ESCC Upregulates GPX4 [62]

LncRNA
BBOX1-AS1

Inhibits ferroptosis in ESCC Upregulates SLC7A11 [63]

LncRNA HCP5 Inhibits ferroptosis in TNBC Upregulates GPX4 [76]

LINC00578 Inhibits ferroptosis in Pancreatic cancer Inhibition of SLC7A11 ubiquitination [77]

LINC01133 Inhibits ferroptosis in Pancreatic cancer Stabilizes FSP1 [78]

LncRNA CBSLR Inhibits ferroptosis in Gastric cancer Downregulates ACSL4 [79]

LncRNA
BDNF-AS

Inhibits ferroptosis in Gastric cancer Upregulates VDAC3 [80]

LncRNA
ITGB2-AS1

Inhibits ferroptosis in NSCLC Inhibition of p53 expression [81]

HCC Hepatocellular carcinoma, TNBC Triple-negative breast cancer, NSCLC non-small cell lung cancer, ESCC Esophageal squamous cell carcinoma.
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the clinical application of lncRNA-mediated ferroptosis faces con-
siderable challenges. First of all, validating the functional attributes
and therapeutic potential of lncRNAs in vivo presents a formidable
challenge, particularly in light of the low homology observed across
different species. Although a subset of human-mouse homologous
lncRNAs has been identified, a significant number of human lncRNAs
have eluded detection in murine models. Consequently, the direct
translation of therapeutic modalities from in vitro and animal models
to human applications may be difficult and necessitates further
evaluation. Moreover, the mechanisms regulating ferroptosis by
lncRNAs are not yet fully understood, limiting their application in
modulating ferroptosis. Consequently, further research is essential to
overcome these limitations.
LncRNAs implicated in the regulation of ferroptosis have

exhibited significant therapeutic efficacy, thereby underscoring
their considerable promise in the amelioration of a spectrum of
other pathological conditions. As an illustration, lncRNA ZFAS1
exerts a critical modulatory effect on the pathophysiological
trajectory of dilated cardiomyopathy (DCM) [84]. It does so by
antagonizing the ferroptotic process within cardiomyocytes,
thereby holding substantial implications for disease progression
and offering a potential target for therapeutic intervention.
It is of particular academic interest that due to their distinctive

ability to facilitate the transport of biological molecules, the
delivery of lncRNAs through exosomes has emerged as a novel
and promising therapeutic avenue. Exosomal lncRNAs asso-
ciated with the phenomenon of ferroptosis have been empiri-
cally shown to exert a multifaceted influence on a range of
pathological states. This includes, but is not limited to,
atherosclerosis, cardiovascular disorders, diabetes mellitus, and
neoplastic conditions, thereby highlighting the intricate regula-
tory roles these molecules play in the pathogenesis of these
diseases [85]. Furthermore, Huang et al. demonstrated that
atorvastatin-pretreated mesenchymal stem cells (MSCs) facilitate
angiogenesis and cardiomyocyte survival in myocardial infarc-
tion (MI) hearts by upregulating lncRNA H19 and its release via
exosomes [86]. The potential of exosomal lncRNAs in the
therapeutic context of ferroptosis is underscored by their ability
to precisely target and deliver these molecules to specific
cellular recipients, subsequently modulating gene expression
and thereby introducing for innovative therapeutic strategies
against diseases. Despite the ongoing challenges in the effective
drug delivery of therapeutics within the realm of bioengineer-
ing, research in this domain is still in its nascent phase. However,
the relentless pursuit of innovation holds the promise of
delivering precise and personalized treatment modalities for a
multitude of pathologies, which could potentially transform the
therapeutic paradigm in the future [87].
Despite the nascent state of research on lncRNAs in the context

of cancer therapy and the paucity of clinical data, a review of the
ClinicalTrials.gov database has identified several noteworthy
developments in ongoing clinical trials. In particular, the
NCT05708209 trial has been concluded with the objective of
evaluating the accuracy of lncRNA MALAT1 as a potential
diagnostic biomarker for oral squamous cell carcinoma. The
NCT05334849 trial has also reached its conclusion, confirming the
potential of circulating exosomal lncRNA-GC1 as a GC-specific
biomarker. Similarly, the NCT04767750 trial has been completed,
with the objective of exploring the role of lncRNA H19 in the
regulation of IGF-1R expression and investigating the mechanistic
links between HCC and type 2 diabetes mellitus (T2DM).
Additionally, the NCT06534242 trial has been concluded with
the objective of investigating the correlation between LINC00511
and the susceptibility to, as well as the pathogenesis of, colorectal
cancer. Moreover, the status of the NCT03469544 trial remains
uncertain. The study aimed to validate lncRNA HOTAIR as a
diagnostic biomarker for thyroid cancer. Although these studies
have provided novel insights into the clinical application of

lncRNAs in various diseases, there is currently a lack of clinical
research data regarding the regulation of ferroptosis by lncRNAs
as a therapeutic approach for cancer treatment.

SUMMARY AND PROSPECTS
In this review, our objective is to delineate the roles of ferroptosis
and lncRNAs in modulating inflammatory responses and tumor
progression, with a particular emphasis on the significant potential
of ferroptosis-associated lncRNAs in cancer therapy and diagnos-
tics. The aim of this paper is to offer critical insights into the
clinical applications of targeting ferroptosis-related lncRNAs in
tumor immunotherapy.
In summary, ferroptosis has demonstrated significant potential

as a therapeutic strategy for cancer. Ferroptosis inducers facilitate
the ferroptotic death of tumor cells, thereby inhibiting tumor
progression. Moreover, IFN-γ produced by activated T cells, when
combined with specific fatty acids in the tumor microenvironment,
can also induce ferroptosis in tumor cells. This not only indicates
that ferroptosis can directly lead to tumor cell death but also
enhances the antitumor effects of the immune system by altering
the tumor microenvironment. Furthermore, the immune system’s
promotion of ferroptosis to kill tumor cells reveals a novel
mechanism for inhibiting tumor growth. Notably, the combination
of nanomedicine-based ferroptosis inducers with immune check-
point blockade therapy enhances the sensitivity of cancer cells to
ferroptosis, suggesting that the integration of immunotherapy with
ferroptosis induction is a highly promising treatment approach.
While ferroptosis can significantly augment tumor immunotherapy,
ferroptosis inducers may compromise the survival of T cells,
resulting in reduced anti-tumor immune functionality. The clinical
feasibility of ferroptosis in cancer therapy still faces several
unresolved issues. On one hand, the challenge remains to promote
cancer cell ferroptosis without inducing ferroptosis in immune
cells. On the other hand, there is concern regarding crosstalk
between diseases, while inducing ferroptosis with GPX4 inhibitors,
there have been observed impacts on neurological functionality.
Ferroptosis is regarded as a promising therapeutic target for

inflammatory disorders, however, there is currently a deficiency in
discerning ferroptosis biomarkers tailored to specific inflammatory
pathologies. The identification of pertinent ferroptosis biomarkers
could significantly improve the therapeutic efficacy across a range
of inflammatory ailments. Although preclinical investigations have
demonstrated pronounced mitigation of inflammatory disorders
through ferroptosis inhibition in diverse animal models, the
clinical landscape remains relatively devoid of comprehensive
data. Thus, there is an urgent need for clinical trials to confirm the
feasibility of inhibiting ferroptosis for improving the clinical
outcomes of inflammatory diseases.
The potential of long non-coding RNAs (lncRNAs) as therapeutic

targets in oncology has been substantiated by their multifaceted
roles. Nonetheless, the application of lncRNAs as therapeutic targets is
fraught with challenges, particularly concerning the targeting of
lncRNAs and the efficient and secure delivery of therapeutic agents.
The development of innovative delivery mechanisms is essential to
ensure the precise and potent delivery of therapeutics to the
intended lncRNAs. For instance, drug delivery systems based on
extracellular vesicles, such as those utilizing exosome-based nano-
particles, may offer improved targeting for lncRNA therapies. Attaining
this level of precision is paramount for optimizing therapeutic
outcomes. Moreover, recent evidence has highlighted lncRNAs as
promising candidates for cancer immunotherapy. Studies have
revealed that lncRNAs associated with immunological ferroptosis
are specific regulators of gene expression in immune cells, influencing
both immune stimulation and suppression. This suggests that lncRNA
targeting could potentially augment the efficacy of immunotherapies.
Despite the promise, clinical research on lncRNAs related to
ferroptosis remains limited. However, a deeper exploration of their
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functions and regulatory mechanisms within the immunological
context is an emerging field with considerable potential. Such
research is instrumental for unraveling the intricacies of antitumor
immune modulation, understanding the pathogenesis of autoim-
mune diseases, and pinpointing prospective therapeutic targets.
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