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Abstract: Gastric cancer (GC) is still the biggest factor in cancer-related death worldwide, and existing therapies
have low therapeutic effectiveness. A possible cancer treatment target is ferroptosis, an iron-dependent kind of lipid
peroxidation-induced regulated cell death. Recent studies further reveal that autophagy associated with ferroptosis
modulates ferroptosis by regulating iron homeostasis, lipid metabolism, and redox balance. This review systemati-
cally describes the role of ferroptosis-related autophagy and ferroptosis in the pathogenesis and development of
GC. We highlight key molecular mechanisms and propose ferroptosis-related biomarkers as potential diagnostic and
therapeutic targets. Our findings underscore the translational potential of targeting ferroptosis-autophagy networks

for GC treatment.
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Introduction

GC is one of the majority of prevalent tumors
that are malignant in the world, with an average
survival rate that is fewer than 12 months in
late stages [1, 2]. GC is still the cancer with the
fiftth highest prevalence and the fourth great-
est cause of cancer-related deaths worldwide,
despite the fact that its incidence and mortality
have greatly dropped in all nations over the last
few decades [3]. According to the pertinent
research from 2023, GC accounts for around
50% of the global rate and has the third-highest
incidence and fatality rate of any kind of cancer
in China [3]. Many important factors now are
linked to GC, including Helicobacter pylori infec-
tion, aging, a high-salt diet, cigarette use, and
drinking liquor [4, 5]. Conventional treatment
for GC mainly includes endoscopic resection
and chemotherapy, and despite recent advanc-
es in GC treatment due to immune-related ther-
apies in recent years [6], the current clinical
efficacy is limited, and we need to further
explore the underlying mechanisms to provide

guidance for clinical treatment. In recent years,
ferroptosis has drawn more interest as cell
death methods have been studied. Numerous
malignant tumors are intimately associated
with ferroptosis, a common non-apoptotic form
of cell death. It is described as a kind of cell
death caused by lipid peroxidation that rup-
tures the plasma membrane and an imbalan-
ce in iron homeostasis [7]. Numerous studies
show that targeting ferroptosis is effective
against cancer [8-10]. In addition, some studies
suggest that partially selective autophagy can
effectively regulate ferroptosis to influence can-
cer development and progression. Therefore,
this time, we will take ferroptosis and its selec-
tive autophagy as an entry point and analyze its
possible mechanism in inhibiting GC, which will
provide a direction for the treatment of GC.

Ferroptosis
As a ubiquitous occurrence, cell death is essen-

tial to an organism’s growth and development.
These days, autophagy, necroptosis, pyropto-
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Figure 1. A. Abnormal intracellular iron ion metabolism leads to iron ion overload, causing a Fenton reaction to pro-
duce ROS. B. Polyunsaturated fatty acids form lipid peroxides in the presence of various enzymes and ROS. C. Glu-
tamic acid (GLU), cysteine, and glycine (Gly) form GSH in the presence of various enzymes and transporter proteins.
GSH provides sun-substituted cysteine residues and two electrons for the reduction of lipid peroxides by GPX4.

sis, and apoptosis are the main mechanisms of
cell death. According to Dixon, eruptosis refers
to the iron-dependent growth of lipid peroxides
that results in programmed cell death [7]. The
primary mechanism is cell rupture triggered by
an increase of lipid peroxides in the cytosol as
a result of an imbalance between iron-ion-
dependent production and elimination of intra-
cellular reactive oxygen species (ROS). Figure 1
illustrates the specific mechanism of this
process.

Abnormal iron metabolism

Iron, as one of the essential trace elements for
living organisms, is involved in various cellular
life activities. Tf-iron is formed when extracel-
lular iron ions tie to transferrin and are trans-
ported intracellularly into endosomes via mutu-
al recognition and binding to the cell mem-
brane’s transferrin receptor 1 (TFR1/TFRC)
[11]. In addition, lactotransferrin (LTF) and sol-
ute carrier family 39 member 14 (SLC39A14)
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are additional pathways via which iron ions can
enter cells [12]. STEAP reductase in the endo-
some transforms iron ions that enter it into
2-valent iron ions, which are next passed on to
the cytoplasm by divalent metal transfer pro-
tein 1 (DMT1) [13]. Iron ions in the cytoplasm
are mainly stored in an inactive form in ferritin,
with a small portion forming an unstable iron
pool (LIP) and another portion being transport-
ed to the outside of the cell via membrane iron
transport proteins (FPN). In general, intracellu-
lar iron ions form a dynamic balance between
uptake, efflux, and utilization to maintain nor-
mal cellular activity. However, when the cytosol
is overloaded with iron ions, through the Fenton
reaction, the extra iron ions generate a signifi-
cant quantity of ROS [14]. Iron ions are cofac-
tors for lipid-oxidizing lipoxygenase (LOX), a
direct participant in lipid peroxidation. At the
same time, iron can also react with phospho-
lipid hydroperoxides (PLOOH) and produce ROS
[15]. A significant buildup of intracellular ROS
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eventually leads to overoxidation of the lipids in
the cell membrane, which produces a buildup
of lipid peroxides and ultimately results in cell
rupture and death.

Lipid peroxidation

The peroxidation of polyunsaturated fatty acids
(PUFA) in the plasma membrane is another sig-
nificant aspect of ferroptosis. Arachidonic acid
(AA) and adrenaline (AdA) serve as crucial medi-
ators that push cells to ferroptosis, according
to lipidomics research [16]. Because PUFA con-
tains very active hydrogen ions, it is susceptible
to oxidation by ROS at its diallyl position, form-
ing peroxides [17]. In the presence of acyl-CoA
synthetase long-chain family 4 (ACSL4), AA and
AdA bind to the acetyl coenzyme A (CoA) to gen-
erate AA-CoA or AdA-CoA contracts for differ-
ence for each when the lipid peroxidation pro-
cess begins [18]. With the help of LPCAT3,
AA-CoA and AdA-CoA were subsequently esteri-
fied with phosphatidylethanolamine (PE) to cre-
ate AA-PE and AdA-PE [19]. Finally, lipid perox-
ides such as PE-AA-OOH and PE-AdA-OOH can
be produced via non-enzymatic Fenton reac-
tions involving AA-PE and AdA-PE or by enzy-
matic catalysis by LOX and/or cytochrome
PA50 oxidoreductase (POR) [20]. Cell rupture
eventually results in the formation of several
secondary products, including malondialde-
hyde and 4-hydroxynonenal, which finally cause
cellular ferroptosis [21]. In this process, gluta-
thione peroxidase 4 (GPX4) serves as a key
target to inhibit ferroptosis by targeting lipid
peroxidation.

GPX4

Glutathione peroxidase (GPx) is an important
intracellular protective mechanism. The GPx fa-
mily includes glutathione peroxidase 1-8 [22].
We now know that ferroptosis is significantly
influenced by GPX4 because of its ability to
reduce lipid peroxides to their corresponding
alcohols. GPX4, a selenoprotein, contains sele-
nocysteine in its active site. The process re-
quires a selenocysteine residue provided by
glutathione by two electrons. During the reduc-
tion of GPX4, GSH supplies the two electrons
and selenocysteine residues (Sec) needed for
the simultaneous transformation of oxidized
glutathione (GSSG). Glutathione reductase (GR)
and NADPH convert GSSG back into GSH after
recycling.
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GSH

GSH is an important tripeptide synthesized
from three substances, glutamate (GLU), cyste-
ine, and glycine (Gly), and is able to provide
essential selenocysteine residues and two
electrons to GPX4 during ferroptosis. GSH bio-
synthesis involves a two-step enzymatic cas-
cade process. Glutaminase 1/2 (GLS1/2) de-
grades outside glutamine (GLN) to glutamate,
which is then absorbed by the alanine-serine-
cysteine transporter 2 (ASCT2) and transport-
ed inside the cell. Methionine can be converted
to cysteine by the sulfur-transfer route, while
cystine is converted to cysteine in response to
glutathione as well as thioredoxin reductase 1
(TXNRD1) [23]. Cysteine enters the cell via the
System Xc-, whereas glycine enters directly
through the glycine transporter protein (GIyT).
During the process of producing glutathione,
the catalytic component of glutamate cysteine
ligase (GCLC) first converts cysteine and glu-
tamic acid into the dipeptide y-glutamylcysteine.
When glutathione synthetase (GSS) is present,
glycine and the former combine to create GSH.
Notably, cysteine is a limiting substrate for GSH
production, indicating that System Xc, which
transports cysteine in this process, is a crucial
ferroptotic target.

System Xc

System Xc~ (cystine/glutamate countertrans-
port system), a chloride-dependent and sodi-
um-independent retrotranslocator protein of cy-
steine and glutamate. System Xc  consists of
the subunits SLC3A2 and SLC7A11. These two
subunits have distinct functions and are joined
by an extracellular covalent disulfide link. These
two subunits have distinct functions and are
joined by an extracellular covalent disulfide
link. Among them, SLC7A11 is the core compo-
nent, as it has system specificity and assumes
the major transport function. SLC3A2, on the
other hand, mainly plays a role in maintain-
ing structural stability. Immobilized on the cell
membrane, System Xc” forms GSH by convert-
ing intracellular glutamate to extracellular cys-
teine in a 1:1 ratio.

Bypass of ferroptosis

The NADH-FSP1-CoQ10 signaling pathway is a
signaling axis independent of GPX4. Apoptosis-
inducing factor-associated mitochondria-asso-
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Figure 2. Three bypass pathways for ferroptosis. A. DHODH-CoQH2 axis. B. NADPH/FSP1/CoQ10 axis. C. GCH1/

BH4/DHFR axis.

ciated FSP1 was found to contribute to apop-
tosis independently of caspase 1 [24]. Ac-
cording to recent research, FSP1 can facilitate
the transformation of ubiquinone (CoQ10) into
ubiquinol [25]. Furthermore, it is evident from
similar research that CoQH, can prevent ferr-
optosis by ensnaring lipophilic free radicals.
Furthermore, ubiquinone can be converted to
dihydrobiquinone (CoQH,) by the flavin-depen-
dent enzyme hydroorotate dehydrogenase
(DHODH), which is found in the mitochondrial
membrane.

GCH1-BH4-DFER is another anti-ferroptosis
pathway that is not dependent on GPX4. GTP
cyclic hydrolase-1 (GCH1) can be generated to
produce the lipophilic radical-trapping antioxi-
dant (RTA) tetrahydrobiopterin (BH4). BH4 pro-
motes CoQH, regeneration to counteract lipid
peroxidation and iron metabolism [26-28]. Di-
hydrofolate reductase (DHFR) regenerates BH4
from its oxidized state, boronic anhydride (BH2).
It seems clear that CoQH, is the last mecha-
nism by which all of the aforementioned para-
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crine mechanisms prevent ferroptosis; see
Figure 2.

Autophagy associated with ferroptosis
Ferritinophagy

As mentioned above, most of the iron ions in
the cell are stored in ferritin, which maintains
the dynamic balance of iron ions in the cell. The
hollow iron storage proteins ferritin heavy chain
(FTH1) and ferritin light chain (FTL), which have
24 subunits each, have the capacity to oxidize
up to 4,500 Fe?* ions to Fe® [29, 30]. Ferritin
has a major impact on the control of iron ion
homeostasis. When a cell lacks iron ions, ferri-
tin is carried to the cell’s lysosomes, where it is
broken down and iron ions are released. Also,
the transport of ferritin to the lysosome is
affected when iron is abundant [31]. Ferritin is
known to be transported to the lysosome by
two different pathways: The first is macroau-
tophagy. And the transport-mediated route is
dependent on the endosomal sorting complex-
es (ESCRT) [32-35].
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Figure 3. Selective autophagy for three types of ferroptosis. Ferritin binds to NOCA4, and after ferritinophagy oc-
curs, ferrous ions are released, leading to intracellular iron accumulation and ultimately to the onset of ferroposis.
ARNTL binds to SQSTM and undergoes clockophagy, leading to lipid peroxidation and ferroptosis. LDs bind to RABA7
and undergo lipophagy, leading to lipid peroxidation and ferroptosis. The above autophagy process occurs in the
autophagolysosome.

Ferritin is drawn to the lysosome by nuclear
receptor coactivator 4 (NCOA4) through the
previously mentioned pathway when the iron
autophagy process is triggered. This process,
known as ferritinophagy, causes ferritin to de-
grade and release free iron [36]. Specifically,
ferritinophagy, as an autophagy mechanism for
removing the major iron storage protein ferritin,
and the abnormal iron accumulation it causes
can trigger and exacerbate ferroptosis. Notably,
NCOA4 is now recognized as an essential factor
in the ferritinophagy process, and cells lacking
NCOA4 are unable to degrade ferritin [33, 35,
37]. It is easy to see that NCOA4 is a key factor
in ferritinophagy.

Ferritinophagy is mainly mediated by NCOA4
and regulated by intracellular iron ion levels
[38]. Poly(C)-binding protein 1 (PCBP1) takes
up ferric ions in iron shortage and moves them
to ferritin, which has both heavy and light
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chains [39]. Subsequently, NCOA4 was trans-
ferred to nascent autophagosomes after bind-
ing to a conserved surface of FTH1 of the above
ferritin [40, 41]. Finally, autophagosomes and
lysosomes fuse, where ferritin is degraded and
iron ions are randomly released into the cyto-
plasm. Understandably, as ferritinophagy and
iron ions are released into the cytoplasm, this
will cause a Fenton reaction and elevated ROS,
inevitably promoting ferroptosis. Furthermore,
in an atmosphere of iron ions, the C-terminus in
NCOA4 is bound by the HECT and RLD domains,
which comprise E3 ubiquitin protein ligase 2
(HERC?2), resulting in proteasome-dependent
degradation of NCOA4 [31, 42]. Subsequently,
NCOA4 levels will decrease, ferritinophagy will
be inhibited, and ferritin’s iron ion storage will
relatively increase [43]. It should come as no
surprise that ferritinophagy can control ferrop-
tosis by affecting ROS generation and intracel-
lular iron homeostasis; see Figure 3.
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Lipophagy

Lipophagy is a selective autophagy that pri-
marily involves autophagic lysosomes breaking
down lipid droplets (LDs) and producing free
fatty acids (FAs) to promote lipid metabolism.
At present, lipophagy can be divided into mac-
rophagocytosis and microphagocytosis. Using
autophagosomes to target and engulf LDs for
breakdown upon fusion with lysosomes, mac-
rolipophagy is a kind of selective autophagy.
Microadipophagy is a unique form of adipopha-
gy in which the LDs interact directly with lyso-
somes or lysosome-like organelles and does
not require autophagosomes to target the LDs.
During LDs degradation, protein kinase A trig-
gers the phosphorylation of perilipins, followed
by the recognition of the LDs surface proteins
perilipin 2 and perilipin 3 by heat shock cog-
nate 70 and their binding to the lysosomal-
associated membrane protein 2 [44]. Imme-
diately afterward, LDs are directly degraded to
fatty acids by lipases and other enzymes, and
this pathway is known as lipolysis. Rab7 and
Rab10 recruit lysosomal and LC3-positive au-
tophagic membranes, respectively, to the LD
for degradation, and the process is then lipo-
phagy. Through LC3-interacting regions (LIRs),
a variety of selective autophagy receptors
(SARs) identify and locate certain targets and
attract autophagosomes [45, 46]. After auto-
phagy is initiated, the autophagosome extends
in order to fully engulf its specific target, even-
tually closing the autophagosome pore. A relat-
ed study clarifies that adipose autophagy pro-
motes RSL3-induced ferroptosis in hepato-
cytes [47]. Meanwhile, di(2-ethylhexyl) phthal-
ate induces ferroptosis by inducing lipophagy,
leading to lipid peroxidation [48]. Timosapon-
in Alll increases Rab7-mediated lipophagy in
colorectal cancer cells, which results in lipid
peroxidation and ferroptosis [49]. Notably,
related studies have clarified that increased
adipophagy produces PUFA, promoting lipid
peroxidation and subsequent ferroptosis. Me-
anwhile, related studies clarified that RAB7A is
a central regulator of adipophagy, and knock-
down of RAB7A in vitro inhibited adipose
autophagy-mediated ferroptosis [47, 50]. The
end result of adipose autophagy is the onset
and exacerbation of free fatty acid release, li-
pid peroxidation, and ferroptosis. See Figure
3.
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Clockophagy

Clockophagy is the mechanism by which
autophagy preferentially breaks down ARNTL/
BMAL1 using the cargo receptor SQSTM1/
p62. Clockophagy autophagically breaks down
ARNTL by using the cargo receptor SQSTM1
and the vital autophagic components ATG5 and
ATG7. This mechanism is frequently started by
GPX4 inhibitors. Hypoxia inducible factor 1 sub-
unit alpha is destabilized by ARNTL degrada-
tion, which in turn stimulates the transcription
of egl-9 family hypoxia inducible factor 2 [51].
And considerable studies have clarified that
HIF1A can regulate ferroptosis through various
pathways regulating SLC7A11 [52-55], but the
exact mechanism is not clear. See Figure 3.

Ferroptosis and its associated autophagy

In the limited number of studies available, the
majority view is that the regulation of ferritin-
ophagy by NCOA4 is an important component
of ferroptosis [56]. However, it is worth men-
tioning that ferritin, because of its iron storage
function, has an apparent autophagic ability to
activate and exacerbate ferroptosis by modu-
lating the levels of intracellular ions. A consider-
able number of studies also regulate ferropto-
sis by inhibiting or activating ferritinophagy,
which somehow is supposed to act as an
upstream regulator of ferroptosis. Similarly, adi-
pose autophagy and clockophagy regulate fer-
roptosis by modulating intracellular free fatty
acids and SLC7A11, respectively, apparently
acting upstream of ferroptosis.

The role of ferroptosis and its associated
autophagy in GC

Helicobacter pylori is intimately linked to the
development of stomach cancer. Ferritin, trans-
ferrin, and iron homeostasis have all been
shown in several studies to have a direct im-
pact on Helicobacter pylori pathogenicity and
survival [57-59]. MiR-375, which inhibits Heli-
cobacter pylori-induced GC, was found to trig-
ger ferroptosis by targeting SLC7A11 to reduce
GSH levels [60, 61]. According to a similar
study, the development of GC was linked to
reduced expression of Cytoplasmic Polyadeny-
lation Element Binding Protein 1, which acti-
vates transcription factors that block GSH-
specific transferase [62]. The ferroptosis in-
ducer erastin significantly reduced the ability to
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survive of four GC cell lines in this study: AGS,
SNU-1, Hs-746T, and HGC-27 [62]. The ability of
erastin to effectively suppress the activity of GC
cells by acting on system Xc- has been more
clearly confirmed by pertinent research [63].
Bupivacaine and other anesthetics prevent
the growth of GC cells by inducing ferroptosis,
which is mediated by the miR-489-3p/SLC7A11
axis [64]. Furthermore, similar pharmacological
investigations have discovered that by blocking
GPX4 activity, apatinib, an effective treatment
for GC, can cause ferroptosis in GC cells [65,
66]. Cysteine dioxygenase 1 increases the pro-
duction of GSH and GPX4 in cells, which reduc-
es ferroptosis in cells of GC [67, 68]. Tanshinone
IIA inhibits tumor proliferation and metastasis
by increasing lipid peroxidation levels and
decreasing glutathione levels in GC cells [68].
Actinidia chinensis (Planch) possesses anti-
proliferative and anti-migratory actions in GC
cells and dramatically and dose-dependently
down-regulates the expression of GPX4 [69].
Physcion 8-0-beta-glucopyranoside induces fe-
rroptosis in GC through altering the miR103a-
3p/GLS2 axis, whereas miR103a-3p regulates
ferroptosis in cells of GC by altering intracellu-
lar GSH levels [70]. The above findings indicate
that System Xc/gsh/gpx4, a classical signaling
pathway for ferroptosis, is closely associated
with GC, and it is reasonable to believe that GC
can be effectively treated by targeting the
above signaling pathway. In a related study in-
vestigating the GPX4 inhibitor polypeptide B
(PB) for the treatment of GC [71], by promoting
ferritinophagy and transporting Fe®" into cells
via TFRC, PB may increase Fe?' levels, as dem-
onstrated by in vitro experiments that suggest
it can alter the synthesis of TFRC, NOCA4, and
FTH1. In the meantime, in vivo experiments
have shown that PB may also stop tumor grow-
th in a GC in situ mice model by regulating the
expression of GPX4, TFRC, NOCA4, and FTH1.
According to research on GC, a significant por-
tion of the tumor stroma causes NK cells to pro-
duce more unstable iron, which causes ferrop-
tosis by exporting iron to the TME and stimu-
lating FSTL1-ferritinophagy mediated by NCOA4
[72]. Another experiment investigating epitheli-
al-mesenchymal transition (EMT) in GC clarified
that the EMT process in GC cells is associat-
ed with NCOA4-mediated ferritinophagy, which
suggests that the process of ferritinophagy in
cells of GC has the capacity to regulate metas-
tasis and drug resistance [73]. In an experi-

953

ment, NOP2/Sun RNA Methyltransferase 5
(NSUNDS) was observed to be elevated in GC
tumor tissues, and it was found that NSUN5
unidirectionally regulated the level of FTH1 in
GC cells and that silencing of NSUN5 or FTH1
would inhibit GC tumor growth [74]. Additional
studies demonstrated that polyphyllin | induced
GC cancer cells by regulating the NRF2/FTH1
pathway [75]. At the same time, the above
study was able to show that ferritinophagy and
ferroptosis usually occur together in GC. One
study even clarified that ferritinophagy in GC
works by promoting ferroptosis to inhibit EMT
[76].

In GC studies, few articles have explicitly sug-
gested a relationship between GC and lipopha-
gy. However, some studies have clarified the
relationship between proteins involved in the
induction of lipophagy and GC, filling the gap in
this area. GGT7, or y-glutamyltransferase 7, is
often downregulated in GC and induces auto-
phagy by recruiting RAB7. And Gamma-Gluta-
myltransferase 7 (GGT7) inhibits intracellular
ROS and mitogen-activated protein kinase
(MAPK) signaling associated with its process to
suppress GC [77]. Another study also found
that targeting RAB7 modulates autophagy lev-
els in GC [78]. The surface of LDs has been
shown to contain early 30 Rab GTPases [79],
and recent reports suggest that this family of
GTPases adversely affects response to classi-
cal lipophagy and LD turnover [80]. Rab7 is one
of the most prominent Rabs on the LD surface
and is involved in autophagosome maturation
[81, 82]. Similarly, Rab10 has been reported to
affect GC by regulating autophagy [83, 84].
Additionally, Rab18 has been discovered to be
substantially linked to medication resistance
and the value-added of GC [85, 86]. A clinical
study employing GC tissues suggests that LC3
expression might serve as a valuable new diag-
nostic for assessing the outlook for sufferers
who advanced GC after neoadjuvant chemo-
therapy (NACT) [87]. Furthermore, LC3’s func-
tion as an autophagy-related factor in GC has
been elucidated by a significant number of
research studies [88, 89]. However, a number
of studies have demonstrated that phospho-
inositide 3-kinase/protein kinase B/mechanis-
tic target of rapamycin (PISK/AKT/mTOR) sig-
naling prevents stomach cancer via regulating
autophagy [90, 91]. It has also been clarified
that modulation of mTOR can thereby promote
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lipid renewal in hypothalamic neurons and
achieve coordination between autophagy and
lipolysis [92, 93]. MTOR appears to regulate
lipophagy in a manner similar to autophagy,
although the mechanism by which it promotes
lipophagy remains to be fully elucidated [80].
Another study clarified the high expression of
RAB7A in GC tissues while speculating that
RAB7A may affect patient prognosis via boost-
ing ECM breakdown and triggering the PISK/
AKT signaling pathway to encourage tumor
invasion [94]. From the above, it is easy to see
that there is a close link between lipophagy and
GC, but more research is needed to explore the
mechanism.

Clockophagy has often been overlooked in
recent years of research. Some papers have
discussed and studied the relationship between
clockophagy and cancer, but almost no articles
have discussed the relationship between clock-
ophagy and GC. However, in a 2014 study, it
was determined that circadian disruption may
be linked to the development of GC by looking
at the expression profiles of eight biological
clock genes in the cancerous and noncancer-
ous tissues of 29 patients with GC. These
genes include BMAL1, Casein Kinase | €, Clock
Circadian Regulator, Cryptochrome Circadian
Regulator 1, Cryptochrome Circadian Regula-
tor 2, Period Circadian Regulator 1, Period
Circadian Regulator 2, and Period Circadian
Regulator 3 [95]. Single nucleotide polymor-
phisms (SNPs) may affect the clinical outcome
of GC by changing gene expression, per a 2019
study on gastric carcinogenesis and progres-
sion and the circadian positive feedback loop
genes (CLOCK, BAML1, and neuronal PAS
domain protein 2 (NPAS2)) [96]. It is well known
that Helicobacter pylori is the main pathogenic
factor of GC. A study clarifies that Helicobacter
pylori infection-induced disturbances in BMAL1
expression and rhythm exacerbate gastritis
[97]. Thus, the clockophagy phase’s potential
involvement in stomach cancer cannot be
disregarded.

Diagnosis and treatment of ferroptosis and
GC

Ferroptosis and proliferation, invasion, and
metastasis of GC cells

The proliferation, invasion, and metastasis of
tumor cells are the key events in the develop-
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ment of malignant tumors. Studies have shown
that ROS, as a normal product of cell metabo-
lism, can promote cell proliferation [98], and
the intracellular ROS production will increase
significantly due to the accelerated metabolism
and excessive proliferation of cancer cells [99].
Studies have found that low concentrations of
ROS can promote cell adaptation to stress con-
ditions by regulating autophagy and helping cell
survival [99] and migration of GC cells [100]. It
is worth noting that high concentrations of ROS
and the consumption of antioxidant enzymes
will lead to cell death [101], during which ROS
will attack mitochondria or cause mitochondrial
damage-dependent apoptosis [102]. In addi-
tion, it has been found that in cells of GC, the
accumulation of ROS can increase the level of
ferroptosis in cells of GC, thus significantly
inhibiting the proliferation of tumor cells [103,
104]. By directly regulating GPX4, SLC7A11,
and FTH1, STAT3 inhibition has been shown in
previous studies to regulate ferroptosis in GC. It
is also proven that STAT3 has been identified
as a successful therapeutic target for GC
because of its critical involvement in the evolu-
tion of GC [105]. In several drug studies, tan-
shinone IlA, Actinidia chinensis (Planch), phy-
scion 8-0-B-glucopyranoside, and other sub-
stances showed anti-tumor growth, invasion,
and metastasis through ferroptosis [68-70].

Ferroptosis and drug resistance in GC

The biggest barrier to clinical efficacy is drug
resistance in cells of GC. The formation of GC
and chemotherapy resistance are closely relat-
ed to the destruction of the Wnt/B-catenin sig-
naling system [106]. Because of genetic chang-
es and aberrant growth, cancer cells are more
susceptible to ROS oxidative stress than he-
althy cells, so preserving the antioxidant GSH
is crucial to their survival and growth [107].
Chemotherapy is still one of the primary treat-
ments for the treatment of GC. Inhibition of
STAT3 can inhibit the negative regulatory axis
of ferroptosis, inhibit the growth of GC, and
reduce chemotherapy resistance [105]. Activa-
ting transcription factor 3 (ATF3) can reduce
cisplatin resistance of GC [105]. ADP ribosyl-
ation factor 6 (ARFB) can regulate erastin-
induced lipid peroxidation, and inhibition of
ARF6 can reduce the resistance of GC cells
to capecitabine [108]. In cells of GC, Wnt/[3-
catenin signal transduction is activated to
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Figure 4. A schematic figure outlining the interactions among ferroptosis, ferroptosis-related autophagy, and diag-
nostic and prognostic markers of GC. Ferroptosis can inhibit the occurrence of gastric cancer. Ferroptosis-related
autophagy, as an upstream of ferroptosis, inhibits the occurrence of gastric cancer by regulating ferroptosis. DUSP1
acts on ferroptosis-related autophagy as a potential target for gastric cancer, MYB can act as a potential target for
gastric cancer by regulating ferroptosis, and the LOX enzyme family NOX4 and ZFP36 have been clearly identified
as potential targets for gastric cancer by participating in the regulation of lipid peroxidation to regulate ferroptosis.

reduce the production of cellular lipid ROS,
thereby preventing ferroptosis in GC cells, and
direct binding of the pB-catenin/TCF4 trans-
cription complex to the GPX4 promoter region
enables its expression. Thus preventing ferrop-
tosis of cells [109]. These studies indicate that
the regulation of ferroptosis in cells of GC is a
useful strategy for treating drug-resistant GC
cells.

Diagnosis and prognosis of ferroptosis and GC

Due to the low early diagnosis rate and limited
treatment of GC, less than 10% of patients with
advanced GC survive after five years [110]. On
the contrary, up to 95% of patients who receive
good therapy through early diagnosis will sur-
vive for five years [111]. Therefore, early diag-
nosis and treatment are extremely important
for patients with GC. In current studies, target-
ing the metabolism of GC has become a target
for cancer diagnosis and treatment [112]. The
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metabolism of GC cells is significantly different
from that of normal cells, and ROS accumulat-
ed during metabolism becomes a breakthrough
for early diagnosis [113]. Notably, NOX4 also
promotes ferroptosis by increasing the produc-
tion of ROS by increasing NADPH activity [114].
In addition, gene transcription regulator MYB
can promote GC cell invasion, migration, and
proliferation and is also considered to be an
important risk factor for GC [115, 116]. Next,
we will further explore the relevant targets of
ferroptosis in GC.

Ferroptosis-related targets in GC

The majority of patients are in advanced stages
of the disease when they receive their initial
diagnosis, despite the fact that the 5-year sur-
vival rate for early GC is above 90% [117]. Early
detection of GC is very critical for improving the
prognosis of the 5-year survival rate [118].
Finding targets for early detection and research-
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ing the associated pathophysiology of stomach
cancer are therefore very crucial.

Currently, numerous ferroptosis-related genes
have been shown to be diagnostic and prognos-
tic markers of GC using machine learning and
other techniques in a significant number of
research studies. These mainly include the fol-
lowing genes: LOX [119, 120], NADPH oxidase
4 (NOX4) [121-125], zinc finger protein 36
(ZFP36) [126-130], dual-specificity phospha-
tase 1 (DUSP1) [119, 127, 131], and MYB
[127, 128, 132, 133]. Furthermore, we have
drawn a schematic figure outlining the interac-
tions among ferroptosis, ferroptosis-related
autophagy, and diagnostic and prognostic mar-
kers of GC; see Figure 4.

The LOX enzyme family is iron-dependent and
promotes the accumulation of lipid peroxides
[19]. In GC cells, 12-lipoxygenase facilitates the
epithelial-mesenchymal transition for cancer
metastasis via the Wnt/B-catenin signaling
pathway [134, 135]. In GC, lipoxygenase stimu-
lates EMT via the ERK signaling pathway.
Increased NOX4 has been linked to lipid peroxi-
dation, ferroptosis, and impaired mitochondrial
activity in Alzheimer’s disease studies [114]. In
recent GC-related studies, NOX4 was able to
regulate cell invasion and proliferation via regu-
lating ROS and increasing iron apoptotic sensi-
tivity in GC. Additional drug studies have clari-
fied that both populin and XN4 (a novobiocin
derivative) are able to target NOX4 and are
effective in inducing ferroptosis to inhibit GC
progression [136, 137].

ZFP36 is an RNA-binding protein that prevents
ferroptosis and controls the body’s reaction to
lipid peroxidation [138]. A related study found
that overexpression of ZFP36 alleviated the
malignancy of associated GC cells by targeting
the [139].

DUSP1 is an oncogene associated with tu-
morigenesis, progression, and drug resistance
[140, 141]. DUSP1 expression in GC has been
reported to be strongly related to survival [138],
prognosis [126, 142], drug resistance [141],
and treatment strategies [143]. In ferroptosis,
DUSP1 as an autophagy regulator can regulate
ferroptosis by regulating autophagy. In addition,
tumor-related studies suggest that DUSP1 may
be a potential target for overcoming drug resis-
tance [144].
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MYB is a well-characterized proto-oncogene
protein that participates in multiple signaling
pathways and is closely associated with a vari-
ety of cancers. Already in 2018, related articles
revealed MYB as an attractive target for tu-
mor therapy [145]. In recent articles, the MYB
family has been reviewed, and it has been elab-
orated that the human family of MYB trans-
cription factors is overproduced in a number of
cancers and is associated with cancer progres-
sion and anticancer drug resistance [146, 147].
Targeting MYB can control the development
and spread of cancer cells in GC, according to
studies that have demonstrated a close rela-
tionship between MYB and the disease [116].
MYB has been discovered as a putative target
of RSL3 in ferroptosis-related research. The
target MYB controls cellular value-added, SL-
C7A11, GPX4, and epithelial junctional pro-
teins, all of which RSL3 inhibits [148, 149].
Unfortunately, however, most of the current
articles on MYB in GC are limited to predicting
prognosis, etc., and do not explore the underly-
ing mechanisms, despite the fact that this tar-
get has been defined as a key target in cancer
in earlier years. We have summarized the key
molecules, functions, and references of ferrop-
tosis, ferroion-related autophagy, and ferropto-
sis inducers/inhibitors into a table for easy
reading (Table 1).

Conclusions and outlook

As more and more research is being done on
ferroptosis and the correlation with cancer, it is
clear that ferroptosis is believed to be the key
to treating cancer. Also, selective autophagy for
ferroptosis was found to regulate ferroptosis
in different ways. Although ferroptosis and its
selective autophagy influence gastric carcino-
genesis and progression to some extent. Un-
fortunately, their specific mechanisms of action
in GC remain underappreciated. This article
briefly discusses the concept and related me-
chanisms of cellular ferroptosis and its selec-
tive autophagy and highlights its importance in
GC. Finally, we propose some relevant targets
for ferroptosis in GC at the end of the paper,
hoping to serve as a guideline for GC-related
research. However, due to the insufficient re-
search on ferroptosis and its selective autoph-
agy in GC, there are still some limitations and
challenges at present: 1. Potential ferroptosis
biomarkers (such as LOX and MYB) lack large-
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Table 1. Key molecules, their functions, and references for ferroptosis, ferroptosis-related autophagy, and ferroptosis inducers/inhibitors under

investigation in GC

Category Key Molecule Function Reference
Ferroptosis Core Molecules TFR1/TFRC Mediates extracellular iron ion uptake (binds transferrin-iron complex and transports to [12]
endosomes), maintaining intracellular iron pool.
SLC39A14 Alternative pathway for iron ion entry into cells, supplementing iron uptake. [12]
DMT1 Transports Fe?* (reduced by STEAP reductase in endosomes) from endosomes to cytoplasm. [13]
FPN Exports intracellular iron ions to the outside, regulating iron efflux and maintaining iron [14]
homeostasis.
ACSL4 Catalyzes binding of arachidonic acid (AA)/adrenic acid (AdA) to CoA, generating AA-CoA/ [18]
AdA-CoA (initial step of lipid peroxidation in ferroptosis).
LPCAT3 Esterifies AA-CoA/AdA-CoA with phosphatidylethanolamine (PE) to form AA-PE/AdA-PE (sub- [19]
strate for lipid peroxide production).
LOX Iron-dependent lipoxygenase; catalyzes AA-PE/AdA-PE to produce lipid peroxides, promoting [19]
ferroptosis.
GPX4 Selenoprotein; reduces lipid peroxides to alcohols using GSH, the key inhibitor of ferroptosis. [22]
GSH Tripeptide (GLU, cysteine, Gly); provides electrons and selenocysteine residues for GPX4, [23]
inhibiting lipid peroxidation.
System Xc (SLC3A2/  Cystine/glutamate antiporter (core subunit); imports cystine (precursor of GSH), regulating [23]
SLC7A11) GSH synthesis and ferroptosis sensitivity.
FSP1 Mediates NADH-CoQ10-CoQH2 axis; converts CoQ10 to CoQH2 (traps lipophilic free radi- [25]
cals), inhibiting ferroptosis independently of GPX4.
GCH1 Produces tetrahydrobiopterin (BH4, a radical-trapping antioxidant); promotes CoQH2 regen- [27]
eration, counteracting lipid peroxidation.
Ferroptosis-Related Autophagy NCOA4 Cargo receptor for ferritinophagy; binds ferritin and delivers it to lysosomes for degradation, [35]
Molecules releasing free iron to promote ferroptosis.
FTH1/FTL Subunits of ferritin (iron storage protein); degraded via ferritinophagy to release Fe?*, en- [31]
hancing ferroptosis.
RAB7A Key regulator of lipophagy; recruits lysosomes to lipid droplets (LDs) for degradation, releas- [50]
ing free fatty acids (e.g., PUFA) to promote lipid peroxidation and ferroptosis.
LC3 Marker of autophagosomes; interacts with lipophagy receptors (via LIRs) to engulf LDs, [87]
mediating lipophagy-dependent ferroptosis.
SQSTM1/p62 Cargo receptor for clockophagy; binds ARNTL/BMAL1 and delivers it to autophagosomes for [51]
degradation, regulating HIF1A and ferroptosis.
ARNTL/BMAL1 Circadian clock protein; degraded via clockophagy; its loss destabilizes HIF1A, indirectly [51]
regulating ferroptosis.
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Ferroptosis Inducers in GC Erastin Inhibits System Xc, reduces GSH levels, and induces ferroptosis; suppresses survival of GC [63]
cell lines (AGS, SNU-1, Hs-746T, HGC-27).
RSL3 Inhibits GPX4 activity, triggers lipid peroxidation; targets MYB to downregulate SLC7A11/ [148]
GPX4, promoting ferroptosis in GC.
Apatinib GC therapeutic; inhibits GPX4 to induce lipid peroxidation and ferroptosis, suppressing GC [66]
cell growth.
Bupivacaine Anesthetic; regulates miR-489-3p/SLC7A11 axis to induce ferroptosis, inhibiting GC cell [64]
proliferation.
Tanshinone lIA Increases lipid peroxidation and decreases GSH levels; induces ferroptosis to inhibit GC cell [68]
stemness and metastasis.
Actinidia chinensis Downregulates GPX4 expression; induces ferroptosis to suppress GC cell proliferation and [69]
(Planch) migration.
Physcion Regulates miR-103a-3p/GLS2 axis; induces ferroptosis in GC cells. [70]
8-0-B-glucopyranoside
Polyphyllin B (PB) Modulates iron metabolism (TFRC, NCOA4, FTH1) and induces ferroptosis; inhibits GC tumor [71]
growth in situ mouse models.
Ferroptosis Inhibitors/ STAT3 Regulates ferroptosis negative axis; upregulates SLC7A11/GPX4 in GC, promoting cell sur- [105]
Regulators in GC vival and chemotherapy resistance.
DUSP1 Oncogene in GC; regulates autophagy to inhibit ferroptosis, enhancing drug resistance (e.g., [141]
apatinib).
MYB Proto-oncogene; upregulates SLC7A11/GPX4 in GC; its inhibition (e.g., by RSL3) promotes [148]
ferroptosis.
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scale studies to verify the underlying mecha-
nisms of treating GC. 2. Targeted ferroptosis
for GC treatment requires further research to
avoid excessive killing of normal cells by the
drug. 3. Selective autophagy related to ferrop-
tosis is relatively rare in GC studies. In view of
the above key points, the content of this review
urgently needs to be supplemented by new
research advances.

Acknowledgements

Thanks to Figdraw for providing us with the
material for our drawings.

Disclosure of conflict of interest
None.

Address correspondence to: Fan Zheng, Depart-
ment of Gastroenterology, Chengdu Pidu District
Hospital of Traditional Chinese Medicine, Chengdu
611730, Sichuan, China. E-mail: 490719784@qq.
com

References

[1] Zhang XY and Zhang PY. Gastric cancer: so-
matic genetics as a guide to therapy. J Med
Genet 2017; 54: 305-312.

[2] Machlowska J, Baj J, Sitarz M, Maciejewski R
and Sitarz R. Gastric cancer: epidemiology, risk
factors, classification, genomic characteristics
and treatment strategies. Int J Mol Sci 2020;
21:4012.

[3] Yang WJ, Zhao HP, Yu 'Y, Wang JH, Guo L, Liu JY,
Pu J and Lv J. Updates on global epidemiology,
risk and prognostic factors of gastric cancer.
World J Gastroenterol 2023; 29: 2452-2468.

[4] Hooi JKY, Lai WY, Ng WK, Suen MMY, Under-
wood FE, Tanyingoh D, Malfertheiner P, Gra-
ham DY, Wong VWS, Wu JCY, Chan FKL, Sung
JJY, Kaplan GG and Ng SC. Global prevalence
of helicobacter pylori infection: systematic
review and meta-analysis. Gastroenterology
2017; 153: 420-429.

[6] Smyth EC, Nilsson M, Grabsch HI, van Grieken
NC and Lordick F. Gastric cancer. Lancet 2020;
396: 635-648.

[6] Li K, Zhang A, Li X, Zhang H and Zhao L. Ad-
vances in clinical immunotherapy for gastric
cancer. Biochim Biophys Acta Rev Cancer
2021; 1876: 188615.

[71 Dixon SJ, Lemberg KM, Lamprecht MR, Skouta
R, Zaitsev EM, Gleason CE, Patel DN, Bauer AJ,
Cantley AM, Yang WS, Morrison B 3rd and
Stockwell BR. Ferroptosis: an iron-dependent
form of nonapoptotic cell death. Cell 2012;
149: 1060-1072.

959

(8]

(9]

(10]

(11]

[12]

(13]

(16]

[17]

(19]

[20]

(21]

[22]

Lei G, Zhuang L and Gan B. Targeting ferropto-
sis as a vulnerability in cancer. Nat Rev Cancer
2022; 22: 381-396.

Zhou Q, Meng Y, Li D, Yao L, Le J, Liu Y, Sun 'Y,
Zeng F, Chen X and Deng G. Ferroptosis in can-
cer: from molecular mechanisms to therapeu-
tic strategies. Signal Transduct Target Ther
2024; 9: 55.

Rodriguez R, Schreiber SL and Conrad M. Per-
sister cancer cells: Iron addiction and vulnera-
bility to ferroptosis. Mol Cell 2022; 82: 728-
740.

Tang D, Chen X, Kang R and Kroemer G. Fer-
roptosis: molecular mechanisms and health
implications. Cell Res 2021; 31: 107-125.
MeiY, Wang L, Chen T, Song C, Cheng K, Cai W,
Zhou D, Gao S, Jiang F, Liu S and Liu Z. Ferrop-
tosis: a new direction in the treatment of inter-
vertebral disc degeneration. Cell Biochem Bio-
phys 2025; 83: 33-42.

Grander M, Hoffmann A, Seifert M, Demetz E,
Grubwieser P, Pfeifhofer-Obermair C, Haschka
D and Weiss G. DMT1 protects macrophages
from salmonella infection by controlling cellu-
lar iron turnover and lipocalin 2 expression. Int
J Mol Sci 2022; 23: 6789.

Winterbourn CC. Toxicity of iron and hydrogen
peroxide: the fenton reaction. Toxicol Lett
1995; 82-83: 969-974.

Conrad M and Pratt DA. The chemical basis of
ferroptosis. Nat Chem Biol 2019; 15: 1137-
1147.

Latunde-Dada GO. Ferroptosis: role of lipid per-
oxidation, iron and ferritinophagy. Biochim Bio-
phys Acta Gen Subj 2017; 1861: 1893-1900.
Yang Y, Ren J, Sun Y, Xue Y, Zhang Z, Gong A,
Wang B, Zhong Z, Cui Z, Xi Z, Yang GY, Sun Q
and Bian L. A connexin43/YAP axis regulates
astroglial-mesenchymal transition in hemoglo-
bin induced astrocyte activation. Cell Death
Differ 2018; 25: 1870-1884.

Kuwata H and Hara S. Role of acyl-CoA synthe-
tase ACSL4 in arachidonic acid metabolism.
Prostaglandins Other Lipid Mediat 2019; 144:
106363.

Lee JY, Kim WK, Bae KH, Lee SC and Lee EW.
Lipid metabolism and ferroptosis. Biology (Ba-
sel) 2021; 10: 184.

Zou Y, Li H, Graham ET, Deik AA, Eaton JK,
Wang W, Sandoval-Gomez G, Clish CB, Doench
JG and Schreiber SL. Cytochrome P450 oxido-
reductase contributes to phospholipid peroxi-
dation in ferroptosis. Nat Chem Biol 2020; 16:
302-309.

Sun K, Jiang J, Wang Y, Sun X, Zhu J, Xu X, Sun
J and Shi J. The role of nerve fibers and their
neurotransmitters in regulating intervertebral
disc degeneration. Ageing Res Rev 2022; 81:
101733.

Pei J, Pan X, Wei G and Hua Y. Research prog-
ress of glutathione peroxidase family (GPX)

Am J Cancer Res 2026;16(3):947-965


mailto:490719784@qq.com
mailto:490719784@qq.com

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

960

Ferroptosis: a new therapeutic target for gastric cancer

in redoxidation. Front Pharmacol 2023; 14:
1147414,

Forcina GC and Dixon SJ. GPX4 at the cross-
roads of lipid homeostasis and ferroptosis.
Proteomics 2019; 19: e1800311.
Sevrioukova IF. Apoptosis-inducing factor:
structure, function, and redox regulation. Anti-
oxid Redox Signal 2011; 14: 2545-2579.
Bersuker K, Hendricks JM, Li Z, Magtanong L,
Ford B, Tang PH, Roberts MA, Tong B, Maim-
one TJ, Zoncu R, Bassik MC, Nomura DK, Dixon
SJ and Olzmann JA. The CoQ oxidoreductase
FSP1 acts parallel to GPX4 to inhibit ferropto-
sis. Nature 2019; 575: 688-692.

Crabtree MJ, Tatham AL, Hale AB, Alp NJ and
Channon KM. Critical role for tetrahydrobiop-
terin recycling by dihydrofolate reductase in
regulation of endothelial nitric-oxide synthase
coupling: relative importance of the de novo
biopterin synthesis versus salvage pathways. J
Biol Chem 2009; 284: 28128-28136.

Kraft VAN, Bezjian CT, Pfeiffer S, Ringelstetter
L, Muller C, Zandkarimi F, Merl-Pham J, Bao X,
Anastasov N, Kossl J, Brandner S, Daniels JD,
Schmitt-Kopplin P, Hauck SM, Stockwell BR,
Hadian K and Schick JA. GTP cyclohydrolase
1/tetrahydrobiopterin counteract ferroptosis
through lipid remodeling. ACS Cent Sci 2020;
6: 41-53.

Battaglia AM, Sacco A, Perrotta ID, Faniello
MC, Scalise M, Torella D, Levi S, Costanzo F
and Biamonte F. Iron administration over-
comes resistance to erastin-mediated ferrop-
tosis in ovarian cancer cells. Front Oncol 2022;
12: 868351.

Zhang N, Yu X, Xie J and Xu H. New Insights into
the role of ferritin in iron homeostasis and neu-
rodegenerative diseases. Mol Neurobiol 2021;
58:2812-2823.

Mann S, Bannister JV and Williams RJ. Struc-
ture and composition of ferritin cores isolated
from human spleen, limpet (patella vulgata)
hemolymph and bacterial (pseudomonas aeru-
ginosa) cells. J Mol Biol 1986; 188: 225-232.
Mancias JD, Pontano Vaites L, Nissim S, Bian-
cur DE, Kim AJ, Wang X, Liu Y, Goessling W,
Kimmelman AC and Harper JW. Ferritinophagy
via NCOA4 is required for erythropoiesis and is
regulated by iron dependent HERC2-mediated
proteolysis. Elife 2015; 4: e10308.

Asano T, Komatsu M, Yamaguchi-lwai Y, Ishika-
wa F, Mizushima N and Iwai K. Distinct mecha-
nisms of ferritin delivery to lysosomes in iron-
depleted and iron-replete cells. Mol Cell Biol
2011; 31: 2040-2052.

Dowdle WE, Nyfeler B, Nagel J, Elling RA, Liu S,
Triantafellow E, Menon S, Wang Z, Honda A,
Pardee G, Cantwell J, Luu C, Cornella-Taracido
I, Harrington E, Fekkes P, Lei H, Fang Q, Digan

(34]

[35]

(36]

[37]

(38]

(39]

[40]

[42]

[43]

ME, Burdick D, Powers AF, Helliwell SB, D’Aquin
S, Bastien J, Wang H, Wiederschain D, Kuerth
J, Bergman P, Schwalb D, Thomas J, Ugwonali
S, Harbinski F, Tallarico J, Wilson CJ, Myer VE,
Porter JA, Bussiere DE, Finan PM, Labow MA,
Mao X, Hamann LG, Manning BD, Valdez RA,
Nicholson T, Schirle M, Knapp MS, Keaney EP
and Murphy LO. Selective VPS34 inhibitor
blocks autophagy and uncovers a role for
NCOAA4 in ferritin degradation and iron homeo-
stasis in vivo. Nat Cell Biol 2014; 16: 1069-
1079.

Goodwin JM, Dowdle WE, DeJesus R, Wang Z,
Bergman P, Kobylarz M, Lindeman A, Xavier RJ,
McAllister G, Nyfeler B, Hoffman G and Murphy
LO. Autophagy-independent lysosomal target-
ing regulated by ULK1/2-FIP200 and ATGO.
Cell Rep 2017; 20: 2341-2356.

Mancias JD, Wang X, Gygi SP, Harper JW and
Kimmelman AC. Quantitative proteomics iden-
tifies NCOA4 as the cargo receptor mediating
ferritinophagy. Nature 2014; 509: 105-109.
Fleming MD. The regulation of hepcidin and its
effects on systemic and cellular iron metabo-
lism. Hematology Am Soc Hematol Educ Pro-
gram 2008; 151-158.

Luan, Yang Y, Luan Y, Liu H, Xing H, Pei J, Liu
H, Qin B and Ren K. Targeting ferroptosis and
ferritinophagy: new targets for cardiovascular
diseases. J Zhejiang Univ Sci B 2024; 25:
1-22.

Liu MZ, Kong N, Zhang GY, Xu Q, Xu 'Y, Ke P and
Liu C. The critical role of ferritinophagy in hu-
man disease. Front Pharmacol 2022; 13:
933732.

Protchenko O, Baratz E, Jadhav S, Li F, Shak-
oury-Elizeh M, Gavrilova O, Ghosh MC, Cox JE,
Maschek JA, Tyurin VA, Tyurina YY, Bayir H,
Aron AT, Chang CJ, Kagan VE and Philpott CC.
Iron chaperone poly rC binding protein 1 pro-
tects mouse liver from lipid peroxidation and
steatosis. Hepatology 2021; 73: 1176-1193.
Fujimaki M, Furuya N, Saiki S, Amo T, Imamichi
Y and Hattori N. Iron supply via NCOA4-mediat-
ed ferritin degradation maintains mitochondri-
al functions. Mol Cell Biol 2019; 39: e00010-
19.

Santana-Codina N and Mancias JD. The role of
NCOA4-mediated ferritinophagy in health and
disease. Pharmaceuticals (Basel) 2018; 11:
114.

Philpott CC. Iron on the move: mobilizing liver
iron via NCOA4. Blood 2020; 136: 2604-2605.
Santana-Codina N, Del Rey MQ, Kapner KS,
Zhang H, Gikandi A, Malcolm C, Poupault C,
Kuljanin M, John KM, Biancur DE, Chen B, Das
NK, Lowder KE, Hennessey CJ, Huang W, Yang
A, Shah YM, Nowak JA, Aguirre AJ and Mancias

Am J Cancer Res 2026;16(3):947-965



[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

[54]

[55]

961

Ferroptosis: a new therapeutic target for gastric cancer

JD. NCOA4-mediated ferritinophagy is a pan-
creatic cancer dependency via maintenance of
iron bioavailability for iron-sulfur cluster pro-
teins. Cancer Discov 2022; 12: 2180-2197.
Souza SC, Muliro KV, Liscum L, Lien P, Yama-
moto MT, Schaffer JE, Dallal GE, Wang X, Krae-
mer FB, Obin M and Greenberg AS. Modulation
of hormone-sensitive lipase and protein kinase
A-mediated lipolysis by perilipin A in an adeno-
viral reconstituted system. J Biol Chem 2002;
277: 8267-8272.

Lamark T and Johansen T. Mechanisms of se-
lective autophagy. Annu Rev Cell Dev Biol
2021; 37: 143-169.

Shin DW. Lipophagy: molecular mechanisms
and implications in metabolic disorders. Mol
Cells 2020; 43: 686-693.

BaiY,MengL, HanL,JiaY, ZhaoY, Gao H, Kang
R, Wang X, Tang D and Dai E. Lipid storage and
lipophagy regulates ferroptosis. Biochem Bio-
phys Res Commun 2019; 508: 997-1003.
Zhu'Y, Ma XY, Cui LG, Xu YR, Li CX, Talukder M,
Li XN and Li JL. Di (2-ethylhexyl) phthalate in-
duced lipophagy-related renal ferroptosis in
quail (Coturnix japonica). Sci Total Environ
2024; 919: 170724.

Shen C, Liu J, Liu H, Li G, Wang H, Tian H, Mao
Y and Hua D. Timosaponin Alll induces lipid
peroxidation and ferroptosis by enhancing
Rab7-mediated lipophagy in colorectal cancer
cells. Phytomedicine 2024; 122: 155079.
Schroeder B, Schulze RJ, Weller SG, Sletten
AC, Casey CA and McNiven MA. The small GT-
Pase Rab7 as a central regulator of hepatocel-
lular lipophagy. Hepatology 2015; 61: 1896-
1907.

Liu J, Yang M, Kang R, Klionsky DJ and Tang
D. Autophagic degradation of the circadian
clock regulator promotes ferroptosis. Autopha-
gy 2019; 15: 2033-2035.

Lu X, Li D, Lin Z, Gao T, Gong Z, Zhang Y, Wang
H, Xia X, Lu F, Song J, Xu G, Jiang J, Ma X and
Zou F. HIF-1alpha-induced expression of the
m6A reader YTHDF1 inhibits the ferroptosis of
nucleus pulposus cells by promoting SLC7A11
translation. Aging Cell 2024; 23: e14210.

Fan Z, Yang G, Zhang W, Liu Q, Liu G, Liu P, Xu
L, Wang J, Yan Z, Han H, Liu R and Shu M. Hy-
poxia blocks ferroptosis of hepatocellular car-
cinoma via suppression of METTL14 triggered
YTHDF2-dependent silencing of SLC7A11. J
Cell Mol Med 2021; 25: 10197-10212.

An' S, Shi J, Huang J, Li Z, Feng M and Cao G.
HIF-1alpha induced by hypoxia promotes pe-
ripheral nerve injury recovery through regulat-
ing ferroptosis in DRG neuron. Mol Neurobiol
2024; 61: 6300-6311.

Chen L, Luo S and Tan H. Penehyclidine hydro-
chloride improves rhabdomyolysis-mediated

(56]

[57]

(58]

(59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

acute Kkidney injury by inhibiting ferroptosis
through the HIF-1alpha/MT1G axis. Nephron
2024; 148: 333-344.

Zhu M, Peng L, Huo S, Peng D, Gou J, Shi W,
Tao J, Jiang T, Jiang Y, Wang Q, Huang B, Men
L, LiS, LvJand Lin L. STAT3 signaling promotes
cardiac injury by upregulating NCOA4-mediat-
ed ferritinophagy and ferroptosis in high-fat-di-
et fed mice. Free Radic Biol Med 2023; 201:
111-125.

Noto JM, Gaddy JA, Lee JY, Piazuelo MB, Fried-
man DB, Colvin DC, Romero-Gallo J, Suarez G,
Loh J, Slaughter JC, Tan S, Morgan DR, Wilson
KT, Bravo LE, Correa P, Cover TL, Amieva MR
and Peek RM Jr. Iron deficiency accelerates
Helicobacter pylori-induced carcinogenesis in
rodents and humans. J Clin Invest 2013; 123:
479-492.

Enko D, Wagner H, Kriegshauser G, Wogerer J,
Halwachs-Baumann G, Schnedl WJ, Zelzer S,
Fauler G, Mangge H, Markus H and Meinitzer
A. Iron status determination in individuals with
Helicobacter pylori infection: conventional vs.
new laboratory biomarkers. Clin Chem Lab
Med 2019; 57: 982-989.

Flores SE, Aitchison A, Day AS and Keenan JI.
Helicobacter pylori infection perturbs iron ho-
meostasis in gastric epithelial cells. PLoS One
2017; 12: e0184026.

Ni H, Qin H, Sun C, Liu Y, Ruan G, Guo Q, Xi T,
Xing Y and Zheng L. MiR-375 reduces the
stemness of gastric cancer cells through trig-
gering ferroptosis. Stem Cell Res Ther 2021;
12: 325.

Miao L, Liu K, Xie M, Xing Y and Xi T. miR-375
inhibits Helicobacter pylori-induced gastric
carcinogenesis by blocking JAK2-STAT3 signal-
ing. Cancer Immunol Immunother 2014; 63:
699-711.

Wang J, Wang T, Zhang Y, Liu J, Song J, Han Y,
Wang L, Yang S, Zhu L, Geng R, Li W and Yu X.
CPEB1 enhances erastin-induced ferroptosis
in gastric cancer cells by suppressing twistl
expression. [IUBMB Life 2021; 73: 1180-1190.
Sun Y, Deng R and Zhang C. Erastin induces
apoptotic and ferroptotic cell death by induc-
ing ROS accumulation by causing mitochon-
drial dysfunction in gastric cancer cell HGC-27.
Mol Med Rep 2020; 22: 2826-2832.

Mao SH, Zhu CH, Nie Y, Yu J and Wang L. Le-
vobupivacaine induces ferroptosis by miR-
489-3p/SLC7A11 signaling in gastric cancer.
Front Pharmacol 2021; 12: 681338.

Geng R and Li J. Apatinib for the treatment of
gastric cancer. Expert Opin Pharmacother
2015; 16: 117-122.

Zhao L, PengY, He S, Li R, Wang Z, Huang J, Lei
X, Li G and Ma Q. Apatinib induced ferroptosis

Am J Cancer Res 2026;16(3):947-965



[67]

(68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

962

Ferroptosis: a new therapeutic target for gastric cancer

by lipid peroxidation in gastric cancer. Gastric
Cancer 2021; 24: 642-654.

Hao S, Yu J, He W, Huang Q, Zhao Y, Liang B,
Zhang S, Wen Z, Dong S, Rao J, Liao W and Shi
M. Cysteine dioxygenase 1 mediates erastin-
induced ferroptosis in human gastric cancer
cells. Neoplasia 2017; 19: 1022-1032.

Ni H, Ruan G, Sun C, Yang X, Miao Z, Li J, Chen
Y, Qin H, Liu Y, Zheng L, Xing Y, Xi T and Li X.
Tanshinone IIA inhibits gastric cancer cell
stemness through inducing ferroptosis. Envi-
ron Toxicol 2022; 37: 192-200.

Gao Z, Deng G, Li Y, Huang H, Sun X, Shi H, Yao
X, Gao L, Ju Y and Luo M. Actinidia chinensis
planch prevents proliferation and migration of
gastric cancer associated with apoptosis,
ferroptosis activation and mesenchymal phe-
notype suppression. Biomed Pharmacother
2020; 126: 110092.

Niu'Y, Zhang J, Tong Y, Li J and Liu B. RETRACT-
ED: physcion 8-O-beta-glucopyranoside induc-
ed ferroptosis via regulating miR-103a-3p/
GLS2 axis in gastric cancer. Life Sci 2019; 237:
116893.

Hu C, Zu D, Xu J, Xu H, Yuan L, Chen J, Wei Q,
Zhang Y, Han J, Lu T, Dong J, Qin JJ, Xu Z and
Cheng X. Polyphyllin B suppresses gastric tu-
mor growth by modulating iron metabolism
and inducing ferroptosis. Int J Biol Sci 2023;
19: 1063-1079.

Yao L, Hou J, Wu X, Lu Y, Jin Z, Yu Z, Yu B, Li J,
Yang Z, Li C, Yan M, Zhu Z, Liu B, Yan C and Su
L. Cancer-associated fibroblasts impair the cy-
totoxic function of NK cells in gastric cancer by
inducing ferroptosis via iron regulation. Redox
Biol 2023; 67: 102923.

Feng J, Li C, Xu R, Li Y, Hou Q, Feng R, Wang S,
Zhang L and Li C. DpdtC-induced EMT inhibi-
tion in MGC-803 cells was partly through ferri-
tinophagy-mediated ROS/p53 pathway. Oxid
Med Cell Longev 2020; 2020: 9762390.

SuY, Liu J, Zheng Z, Shi L, Huang W, Huang X,
Ye C, Qi J, Wang W and Zhuang H. NSUNb5-
FTH1 axis inhibits ferroptosis to promote the
growth of gastric cancer cells. Cell Biochem
Biophys 2023; 81: 553-560.

Zheng F, Wang Y, Zhang Q, Chen Q, Liang CL,
Liu H, Qiu F, Chen Y, Huang H, Lu W and Dai Z.
Polyphyllin | suppresses the gastric cancer
growth by promoting cancer cell ferroptosis.
Front Pharmacol 2023; 14: 1145407.

Guan D, Zhou W, Wei H, Wang T, Zheng K, Yang
C, Feng R, Xu R, Fu Y, Li C, Li Y and Li C. Ferri-
tinophagy-mediated ferroptosis and activation
of keapl/Nrf2/HO-1 Pathway were conducive
to emt inhibition of gastric cancer cells in ac-
tion of 2,2’-Di-pyridineketone hydrazone dithio-
carbamate butyric acid ester. Oxid Med Cell
Longev 2022; 2022: 3920664.

[77]

(78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

[87]

(88]

(89]

Wang X, Zhang L, Chan FKL, Ji J, Yu J and Liang
JQ. Gamma-glutamyltransferase 7 suppresses
gastric cancer by cooperating with RAB7 to in-
duce mitophagy. Oncogene 2022; 41: 3485-
3497.

Zhu M, Wei C, Wang H, Han S, Cai L, Li X, Liao
X, Che X, Li X, Fan L and Qiu G. SIRT1 mediated
gastric cancer progression under glucose de-
privation through the FoxO1-Rab7-autophagy
axis. Front Oncol 2023; 13: 1175151.

Kiss RS and Nilsson T. Rab proteins implicated
in lipid storage and mobilization. J Biomed Res
2014; 28: 169-177.

Schulze RJ, Sathyanarayan A and Mashek DG.
Breaking fat: the regulation and mechanisms
of lipophagy. Biochim Biophys Acta Mol Cell
Biol Lipids 2017; 1862: 1178-1187.

Gutierrez MG, Munafo DB, Beron W and Co-
lombo MI. Rab7 is required for the normal pro-
gression of the autophagic pathway in mam-
malian cells. J Cell Sci 2004; 117: 2687-2697.
Jager S, Bucci C, Tanida I, Ueno T, Kominami E,
Saftig P and Eskelinen EL. Role for Rab7 in
maturation of late autophagic vacuoles. J Cell
Sci 2004; 117: 4837-4848.

Wei F, Wang Y, Zhou Y and Li Y. Long noncoding
RNA CYTOR triggers gastric cancer progression
by targeting miR-103/RAB10. Acta Biochim
Biophys Sin (Shanghai) 2021; 53: 1044-1054.
Duan X, Yu X and Li Z. Circular RNA hsa_
circ_0001658 regulates apoptosis and au-
tophagy in gastric cancer through microR-
NA-182/Ras-related protein Rab-10 signaling
axis. Bioengineered 2022; 13: 2387-2397.
Wu B, Qi R, Liu X, Qian L and Wu Z. Rab18 over-
expression promotes proliferation and chemo-
resistance through regulation of mitochondrial
function in human gastric cancer. Onco Tar-
gets Ther 2018; 11: 7805-7820.

Liu J, Zhang J, Li Y, Wang L, Sui B and Dai D.
MiR-455-5p acts as a novel tumor suppressor
in gastric cancer by down-regulating RAB18.
Gene 2016; 592: 308-315.

Yang F, Yan Z, Nie W, Liu Z, Cheng X, Wang W,
Shao C, Fu G and Yu Y. LACTB and LC3 could
serve as potential biomarkers of gastric cancer
to neoadjuvant chemotherapy with oxaliplatin
plus S-1. Oncol Lett 2021; 21: 470.

Chen Q, Xu XY, Hou XX and Chen SC. The up-
regulation of proteins light chain 3 and autoph-
agy-related 5 and the occurence of intestinal-
type gastric cancer. J Physiol Pharmacol 2021;
72.

Masuda GO, Yashiro M, Kitayama K, Miki Y,
Kasashima H, Kinoshita H, Morisaki T, Fukuo-
ka T, Hasegawa T, Sakurai K, Toyokawa T, Kubo
N, Tanaka H, Muguruma K, Masaichi O and Hi-
rakawa K. Clinicopathological correlations of
autophagy-related proteins LC3, Beclin 1 and
p62 in gastric cancer. Anticancer Res 2016;
36: 129-136.

Am J Cancer Res 2026;16(3):947-965



Ferroptosis: a new therapeutic target for gastric cancer

[90] Rong L, Li Z, Leng X, Li H, Ma Y, Chen Y and
Song F. Salidroside induces apoptosis and pro-
tective autophagy in human gastric cancer
AGS cells through the PI3K/Akt/mTOR path-
way. Biomed Pharmacother 2020; 122:
109726.

[91] Zhang Q, Wang X, Cao S, Sun 'Y, He X, Jiang B,
Yu Y, Duan J, Qiu F and Kang N. Berberine re-
presses human gastric cancer cell growth in
vitro and in vivo by inducing cytostatic autoph-
agy via inhibition of MAPK/mTOR/p70S6K and
Akt signaling pathways. Biomed Pharmacother
2020; 128: 110245.

[92] Kaushik S, Rodriguez-Navarro JA, Arias E, Kiffin
R, Sahu S, Schwartz GJ, Cuervo AM and Singh
R. Autophagy in hypothalamic AgRP neurons
regulates food intake and energy balance. Cell
Metab 2011; 14: 173-183.

[93] Lapierre LR, Gelino S, Melendez A and Hansen
M. Autophagy and lipid metabolism coordi-
nately modulate life span in germline-less C.
elegans. Curr Biol 2011; 21: 1507-1514.

[94] Zhang M, Liu S, Zhang N, Zhang W, Xia Y, Song
X, Zhang X, Zuo L, Li J and Hu J. High expres-
sion of RAB7A is associated with poor progno-
sis of gastric cancer by promoting tumor inva-
sion. Nan Fang Yi Ke Da Xue Xue Bao 2023;
43: 1734-1743.

[95] Hu ML, Yeh KT, Lin PM, Hsu CM, Hsiao HH, Liu
YC, Lin HY, Lin SF and Yang MY. Deregulated
expression of circadian clock genes in gastric
cancer. BMC Gastroenterol 2014; 14: 67.

[96] ChenY, Wang D, SongY, Zhang X, Jiao Z, Dong
J, Lu 'L, Zou Z, Du W and Qu F. Functional poly-
morphisms in circadian positive feedback loop
genes predict postsurgical prognosis of gastric
cancer. Cancer Med 2019; 8: 1919-1929.

[97] LiT,ShaoW, Li S, Ma L, Zheng L, Shang W, Jia
X, Sun P, Liang X and Jia J. H. pylori infection
induced BMAL1 expression and rhythm disor-
der aggravate gastric inflammation. EBioMedi-
cine 2019; 39: 301-314.

[98] ZhangC, LiG, Fan C, Xu J, Cao J, Liu S and Li N.
Comparison of efficacy of different route of ad-
ministration of chemotherapy on unresect-
able, advanced gastric cancer. World J Surg
Oncol 2012; 10: 162.

[99] XiaY, LiuS, LiC, Ai Z, Shen W, Ren W and Yang
X. Discovery of a novel ferroptosis inducer-tal-
aroconvolutin A-killing colorectal cancer cells
in vitro and in vivo. Cell Death Dis 2020; 11:
988.

[100] Shi H, Cheng Y, Shi Q, Liu W, Yang X, Wang S,
Wei L, Chen X and Fang H. Myoferlin disturbs
redox equilibrium to accelerate gastric cancer
migration. Front Oncol 2022; 12: 905230.

[101] Zhu Z, Li R, Fan X, Lv Y, Zheng Y, Hoque SAM,
Wu D and Zeng W. Resveratrol improves boar
sperm quality via 5’AMP-activated protein ki-

963

nase activation during cryopreservation. Oxid
Med Cell Longev 2019; 2019: 5921503.

[102] Wang Y, Mang X, Li X, Cai Z and Tan F. Cold at-
mospheric plasma induces apoptosis in hu-
man colon and lung cancer cells through mod-
ulating mitochondrial pathway. Front Cell Dev
Biol 2022; 10: 915785.

[103] Yang M, Liu X, Luo Q, Xu L and Chen F. An effi-
cient method to isolate lemon derived extra-
cellular vesicles for gastric cancer therapy. J
Nanobiotechnology 2020; 18: 100.

[104] Du H, Tang Y, Ren X, Zhang F, Yang W, Cheng L
and Gao Y. A prognostic model for cervical can-
cer based on ferroptosis-related genes. Front
Endocrinol (Lausanne) 2022; 13: 991178.

[105] Ouyang S, Li H, Lou L, Huang Q, Zhang Z, Mo J,
Li M, Lu J, Zhu K, Chu Y, Ding W, Zhu J, Lin Z,
Zhong L, Wang J, Yue P, Turkson J, Liu P, Wang
Y and Zhang X. Inhibition of STAT3-ferroptosis
negative regulatory axis suppresses tumor
growth and alleviates chemoresistance in gas-
tric cancer. Redox Biol 2022; 52: 102317.

[106] Yang P, Yang W, Wei Z, Li Y, Yang Y and Wang J.
Novel targets for gastric cancer: the tumor
microenvironment (TME), N6-methyladenosine
(m6A), pyroptosis, autophagy, ferroptosis and
cuproptosis. Biomed Pharmacother 2023;
163: 114883.

[107] Cramer SL, Saha A, Liu J, Tadi S, Tiziani S, Yan
W, Triplett K, Lamb C, Alters SE, Rowlinson S,
Zhang YJ, Keating MJ, Huang P, DiGiovanni J,
Georgiou G and Stone E. Systemic depletion of
L-cyst(e)ine with cyst(e)inase increases reac-
tive oxygen species and suppresses tumor
growth. Nat Med 2017; 23: 120-127.

[108] Geng D and Wu H. Abrogation of ARF6& in pro-
moting erastin-induced ferroptosis and miti-
gating capecitabine resistance in gastric can-
cer cells. J Gastrointest Oncol 2022; 13:
958-967.

[109] Wang Y, Zheng L, Shang W, Yang Z, Li T, Liu F,
Shao W, Lv L, Chai L, Qu L, Xu Q, Du J, Liang X,
Zeng J and lJia J. Wnt/beta-catenin signaling
confers ferroptosis resistance by targeting
GPX4 in gastric cancer. Cell Death Differ 2022;
29: 2190-2202.

[110] Wang Z, Cao L, Zhou S, Lyu J, Gao Y and Yang
R. Construction and validation of a novel pyrop-
tosis-related four-IncRNA prognostic signature
related to gastric cancer and immune infiltra-
tion. Front Immunol 2022; 13: 854785.

[111] Jin J, Zhang Q, Dong B, Ma T, Mei X, Wang X,
Song S, Peng J, Wu A, Dong L and Kong D. Au-
tomatic detection of early gastric cancer in en-
doscopy based on Mask region-based convolu-
tional neural networks (Mask R-CNN)(with
video). Front Oncol 2022; 12: 927868.

[112] Schuster C, Wolpert N, Moustaid-Moussa N
and Gollahon LS. Combinatorial effects of the

Am J Cancer Res 2026;16(3):947-965



Ferroptosis: a new therapeutic target for gastric cancer

natural products arctigenin, chlorogenic acid,
and cinnamaldehyde commit oxidation assas-
sination on breast cancer cells. Antioxidants
(Basel) 2022; 11: 591.

[113] Zhang YL, Chen GL, Liu Y, Zhuang XC and Guo
MQ. Stimulation of ROS generation by extract
of warburgia ugandensis leading to G(0)/G(1)
cell cycle arrest and antiproliferation in A549
cells. Antioxidants (Basel) 2021; 10: 1559.

[114] Park MW, Cha HW, Kim J, Kim JH, Yang H, Yoon
S, Boonpraman N, Yi SS, Yoo ID and Moon JS.
NOX4 promotes ferroptosis of astrocytes by
oxidative stress-induced lipid peroxidation via
the impairment of mitochondrial metabolism
in Alzheimer’s diseases. Redox Biol 2021; 41:
101947.

[115] Fang G, Fan J, Ding Z, Li R, Lin K, Fu J, Huang
Q, Zeng Y and Liu J. Prognostic and predictive
value of transcription factors panel for diges-
tive system carcinoma. Front Oncol 2021; 11:
670129.

[116] Xie Y, Rong L, He M, Jiang Y, Li H, Mai L and
Song F. LncRNA SNHG3 promotes gastric can-
cer cell proliferation and metastasis by regulat-
ing the miR-139-5p/MYB axis. Aging (Albany
NY) 2021; 13: 25138-25152.

[117] Tan Z. Recent advances in the surgical treat-
ment of advanced gastric cancer: a review.
Med Sci Monit 2019; 25: 3537-3541.

[118] Sung H, Ferlay J, Siegel RL, Laversanne M, So-
erjomataram |, Jemal A and Bray F. Global Can-
cer Statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 2021;
71: 209-249.

[119] Huo J, Wu L and Zang Y. Eight-gene prognostic
signature associated with hypoxia and ferrop-
tosis for gastric cancer with general applicabil-
ity. Epigenomics 2021; 13: 875-890.

[120] Peng W, Zhang C, Peng J, Huang Y, Peng C, Tan
Y, Ji D, Zhang Y, Zhang D, Tang J, Feng Y and
Sun Y. Lnc-FAM84B-4 acts as an oncogenic In-
cRNA by interacting with protein hnRNPK to
restrain MAPK phosphatases-DUSP1 expres-
sion. Cancer Lett 2020; 494: 94-106.

[121] Yu J, Li H, Huang C and Chen H. Identifica-
tion and characterization of ferroptosis-related
genes in therapy-resistant gastric cancer. Med-
icine (Baltimore) 2024; 103: e38193.

[122] Wang L and Gong WH. Predictive model using
four ferroptosis-related genes accurately pre-
dicts gastric cancer prognosis. World J Gastro-
intest Oncol 2024; 16: 2018-2037.

[123]Li Y, He X, Fan L, Zhang X, Xu Y and Xu X. Iden-
tification of a novel immune prognostic model
in gastric cancer. Clin Transl Oncol 2021; 23:
846-855.

[124] You X, Ma M, Hou G, Hu Y and Shi X. Gene ex-
pression and prognosis of NOX family mem-

964

bers in gastric cancer. Onco Targets Ther
2018; 11: 3065-3074.

[125] Guo J, Xing W, Liu W, Liu J, Zhang J and Pang Z.
Prognostic value and risk model construction
of hypoxic stress-related features in predicting
gastric cancer. Am J Transl Res 2022; 14:
8599-8610.

[126] Li Y, Cui Y, Wang Z, Wang L, Yu Y and Xiong Y.
Development and validation of a hypoxia- and
mitochondrial dysfunction- related prognostic
model based on integrated single-cell and bulk
RNA sequencing analyses in gastric cancer.
Front Immunol 2024; 15: 1419133.

[127] Liu G, Ma JY, Hu G and Jin H. Identification and
validation of a novel ferroptosis-related gene
model for predicting the prognosis of gas-
tric cancer patients. PLoS One 2021; 16:
e0254368.

[128] Jiang X, Yan Q, Xie L, Xu S, Jiang K, Huang J,
Wen Y, Yan Y, Zheng J, Tang S, Nie K, Zheng Z,
Pan J, Liu P, Huang Y, Yan X, Zou Y, Chen X, Liu
F, Li P and Zhuang K. Construction and valida-
tion of a ferroptosis-related prognostic model
for gastric cancer. J Oncol 2021; 2021:
6635526.

[129] Zhang G, Dong K, Liu J and Zhou W. Prognosis
and tumor immune microenvironment of pa-
tients with gastric cancer by a novel senes-
cence-related signature. Medicine (Baltimore)
2022; 101: e30927.

[130] Zhou X, Zhang B, Zheng G, Zhang Z, Wu J, Du K
and Zhang J. Novel necroptosis-related gene
signature for predicting early diagnosis and
prognosis and immunotherapy of gastric can-
cer. Cancers (Basel) 2022; 14: 3891.

[131] Deng H, Lin Y, Gan F, Li B, Mou Z, Qin X, He X
and Meng Y. Prognostic model and immune in-
filtration of ferroptosis subcluster-related mod-
ular genes in gastric cancer. J Oncol 2022;
2022: 5813522.

[132] Kuang Y, Yang K, Meng L, Mao Y, Xu F and Liu
H. Identification and validation of ferroptosis-
related biomarkers and the related pathogen-
esis in precancerous lesions of gastric cancer.
Sci Rep 2023; 13: 16074.

[133] ShaoY, Jia H, Li S, Huang L, Aikemu B, Yang G,
Zhang S, Sun J and Zheng M. Comprehensive
analysis of ferroptosis-related markers for the
clinical and biological value in gastric cancer.
Oxid Med Cell Longev 2021; 2021: 7007933.

[134] Zhong C, Zhuang M, Wang X, Li J, Chen Z,
Huang Y and Chen F. 12-Lipoxygenase pro-
motes invasion and metastasis of human gas-
tric cancer cells via epithelial-mesenchymal
transition. Oncol Lett 2018; 16: 1455-1462.

[135] Yang XH, Zhuang MK, Xie WH, Du F, Huang YH,
Chen zX, Chen FL and Wang XZ. 12-Lipoxygen-
ase promotes epithelial-mesenchymal transi-
tion via the Wnt/beta-catenin signaling path-

Am J Cancer Res 2026;16(3):947-965



Ferroptosis: a new therapeutic target for gastric cancer

way in gastric cancer cells. Onco Targets Ther
2019; 12: 5551-5561.

[136] Li R, Yin B, Zeng D and Liu Z. A novobiocin de-
rivative, XN4, triggers ferroptosis in gastric
cancer cells via the activation of NOX4. Pharm
Biol 2022; 60: 1449-1457.

[137] Lu Y, Sun J, Yang M, Xing Y, Zhu W, Zhu J, Ma X,
Wang Y, Wang L and Jia Y. Myricetin induces
ferroptosis and inhibits gastric cancer progres-
sion by targeting NOX4. J Agric Food Chem
2024, 72: 6178-6188.

[138] Zhang Z, Guo M, Li Y, Shen M, Kong D, Shao J,
Ding H, Tan S, Chen A, Zhang F and Zheng S.
RNA-binding protein ZFP36/TTP protects ag-
ainst ferroptosis by regulating autophagy sig-
naling pathway in hepatic stellate cells. Au-
tophagy 2020; 16: 1482-1505.

[139] Pan Z, Yun H, Xiao Y, Tong F, Liu G, Zhang G and
Han J. MiR-934 exacerbates malignancy of
gastric cancer cells by targeting ZFP36. Iran J
Public Health 2023; 52: 1720-1729.

[140] Dou D, Shi YF, Liu Q, Luo J, Liu JX, Liu M, Liu YY,
Li YL, Qiu XD and Tan HY. Hsa-miR-202-3p, up-
regulated in type 1 gastric neuroendocrine
neoplasms, may target DUSP1. World J Gastro-
enterol 2018; 24: 573-582.

[141] Teng F, Xu Z, Chen J, Zheng G, Zheng G, Lv H,
Wang Y, Wang L and Cheng X. DUSP1 induces
apatinib resistance by activating the MAPK
pathway in gastric cancer. Oncol Rep 2018;
40: 1203-1222.

[142] Yu M, Zhang Y, Mao R, Zhu C, Zhao R and Jin L.
A risk model of eight immune-related genes
predicting prognostic response to immune
therapies for gastric cancer. Genes (Basel)
2022; 13: 720.

965

[143] Dong Z, Liu Z, Liang M, Pan J, Lin M, Lin H, Luo
Y, Zhou X and Yao W. Identification of circRNA-
miRNA-mRNA networks contributes to explore
underlying pathogenesis and therapy strategy
of gastric cancer. J Transl Med 2021; 19: 226.

[144] Liu Z, He S, Huang Z, Liu J, Gong Y, Yao Y and
Zhang X. Regulation of ferroptosis-related
genes in CD8+ NKT cells and classical mono-
cytes may affect the immunotherapy response
after combined treatment in triple negative
breast cancer. Thorac Cancer 2023; 14: 3369-
3380.

[145] Liu X, Xu Y, Han L and Yi Y. Reassessing the
potential of Myb-targeted anti-cancer therapy.
J Cancer 2018; 9: 1259-1266.

[146] Biersack B and Hopfner M. Emerging role of
MYB transcription factors in cancer drug resis-
tance. Cancer Drug Resist 2024; 7: 15.

[147] Long J, Zhu B, Tian T, Ren L, Tao Y, Zhu H, Li D
and Xu Y. Activation of UBEC2 by transcription
factor MYBL2 affects DNA damage and pro-
motes gastric cancer progression and cispla-
tin resistance. Open Med (Wars) 2023; 18:
20230757.

[148] Liu L, Yang C, Zhu L, Wang Y, Zheng F, Liang L,
Cao P, Liu J, Han X and Zhang J. RSL3 enhanc-
es ROS-mediated cell apoptosis of myelodys-
plastic syndrome cells through MYB/Bcl-2 sig-
naling pathway. Cell Death Dis 2024; 15: 465.

[149] Shi X, Liu J, Lu Z, Li J, Zhang S, Li Q, Geng F
and Pan Y. Role of ferroptosis in porphyromon-
as gingivalis-induced impairment of epithelial
junction. J Oral Microbiol 2024; 16: 2334578.

Am J Cancer Res 2026;16(3):947-965



