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The putative role of ferroptosis in gastric cancer: a review
Li Wanga and Haibin Wangb

Ferroptosis is a unique cell death modality triggered 
by iron-dependent lipid peroxidation, with cysteine 
metabolism and glutathione-dependent antioxidant 
defence responses as the primary triggering mechanisms. 
Ferroptosis is an independent tumour suppression 
mechanism and has been implicated in various 
disorders. In tumourigenesis, ferroptosis plays a dual 
role in promoting and inhibiting tumours. P53, NFE2L2, 
BAP1, HIF, and other tumour suppressor genes regulate 
ferroptosis, releasing damage-associated molecular 
patterns or lipid metabolites to influence cellular 
immune responses. Ferroptosis is also involved in 
tumour suppression and metabolism. The combination 
of amino acid, lipid, and iron metabolism is involved in 
the initiation and execution of ferroptosis, and metabolic 
regulatory mechanisms also play roles in malignancies. 
Most investigations into ferroptosis in gastric cancer are 

concentrated on predictive models, not the underlying 
processes. This review investigates the underlying 
mechanisms of ferroptosis, tumour suppressor genes, and 
the tumour microenvironment. European Journal of Cancer 
Prevention 32: 575–583 Copyright © 2023 The Author(s). 
Published by Wolters Kluwer Health, Inc.

European Journal of Cancer Prevention 2023, 32:575–583

Keywords: ferroptosis, gastric cancer, metabolic regulation, tumour 
microenvironment, tumour suppressor genes

aDepartment of Emergency Medicine, Second Affiliated Hospital of School of 
Medicine and bDepartment of Radiology, Hangzhou First People’s Hospital, 
Zhejiang University, Hangzhou, Zhejiang, China

Correspondence to Haibin Wang, Department of Radiology, Hangzhou First 
People’s Hospital, Zhejiang University, Hangzhou, Zhejiang 310000, China
Tel: +86 571 56005600; e-mail: haibinw0818@163.com

Received 31 January 2023 Accepted 30 April 2023.

 Gastric cancer is a heterogeneous disease characterized 
by numerous genetic mutations and epigenetic alterations 
that disrupt the balance between oncogenic and tumour 
suppressor pathways. This imbalance causes gastric cancer 
cell proliferation and cancer cell death. Ferroptosis is a con-
trolled form of cell death that differs morphologically, bio-
chemically, and genetically from apoptosis, necrosis, and 
necroptosis. It is characterized by iron-dependent reactive 
oxygen species (ROS) generation, lipid peroxidation, and 
iron accumulation (Chen et al., 2021a). Ferroptosis-related 
genes can be classified into three categories: drivers that 
promote ferroptosis, suppressors that inhibit ferroptosis, 
and markers that regulate ferroptosis. These genes regu-
late ferroptosis and other cellular processes (Zhou and Bao, 
2020). Ferroptosis may play a role in tumour formation and 
the resistance of certain cancers, including gastric cancer, 
to medications, and therefore targeting ferroptosis may be 
an effective therapeutic strategy for gastric cancer (Alvarez 
et al., 2017; Zhang et al., 2020a). Hence, this review focuses 
on the correlation between ferroptosis and gastric cancer 
from several perspectives, including ferroptosis mecha-
nisms, tumour suppressor genes, the tumour microenvi-
ronment (TME), and metabolic regulation.

Ferroptosis is a novel form of cell death
Ferroptosis mechanisms that have been discovered 
thus far are primarily based on cysteine metabolism 
and glutathione-lysine antioxidant defence (Table  1 

and Fig. 1). Cysteine, a critical amino acid for cell via-
bility, generally enters cells in dimerized and oxidized 
forms. The glutamate/cystine antiporter (System XC-), 
a cystine-glutamate antiporter encoded by the SLC7A11 
gene, which encodes the System XC-substrate-specific 
subunit that mediates the uptake of extracellular cystine 
in exchange for intracellular glutamate release (Lin et 
al., 2020). SLCA711 expression is closely controlled by 
oncoproteins [such as nuclear factor erythroid 2-related 
factor 2 (NRF2)] and tumour suppressors (including p53, 
BAP1, and ARF). Rastin was first described as a System 
XC inhibitor that efficiently inhibits cellular cystine 
absorption and depletes glutathione, which is a typical 
ferroptosis inducer (Yagoda et al., 2007). Glutathione is 
also an essential cellular antioxidant that maintains cel-
lular redox equilibrium and protects cells from oxidative 
damage (Ursini and Maiorino, 2020). Inactivation of the 
glutathione-dependent phospholipid peroxidase GPX4 
leads to an imbalance in the antioxidant defence system, 
leaving cells vulnerable to lipid peroxidation and ulti-
mately leading to ferroptosis (Forcina and Dixon, 2019). 
In addition, the cysteine-tRNA synthetase CARS has 
been identified as essential for ferroptosis (Hayano et al., 
2016). CARS inhibition led to increased transcriptional 
upregulation of serine metabolism and transsulfuration 
pathway components, making methionine available for 
cysteine production. This process maintained the stabil-
ity of cysteine and glutathione levels. ACSL4 is also a 
crucial component in ferroptosis, contributing to the oxi-
dation of membrane phospholipids, which may influence 
ferroptosis activation (Feng et al., 2021). FSP1 is a fer-
roptosis inhibitor that exerts effects independent of the 
canonical GPX4 signalling pathway. A study found that 
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the myristoylation of FSP1 was essential to the ability 
of FSP1 to inhibit ferroptosis. FSP1 prevents ferroptosis 
by lowering CoQ10 levels and preventing lipid oxidation 
(Bersuker et al., 2019; Doll et al., 2019). Hence, ferropto-
sis is related to various pathophysiological processes and 
diseases, including cancer, type II diabetes, cardiovas-
cular disease, and neurodegeneration (Stockwell et al., 
2017; Sha et al., 2021). Furthermore, because tumour cells 
with specific oncogenic mutations are highly susceptible 
to ferroptosis, inducing ferroptosis in these tumour cells 
might result in a robust therapeutic response.

Ferroptosis is a nontumourigenic tumour 
suppression mechanism
Ferroptosis is a tumour-suppressing process that 
may influence numerous biological features of can-
cers, including the epithelial–mesenchymal transition 
(EMT), immunological responses, genomic alterations, 

disease progression, and drug resistance (Granofszky et 
al., 2018; Chen et al., 2021b). High iron levels in cancer 
cells enhance the proliferative and anabolic/metabolic 
activities of the cancer cells, and sensitivity to ferroptosis 
induction is associated with an increased iron require-
ment (Battaglia et al., 2020). Tumour cells alter ferroptosis 
sensitivity by changing iron consumption patterns, auto-
phagy, and mitochondrial iron levels (Battaglia et al., 2020; 
Liu et al., 2020). Mesenchymal dedifferentiated cancer 
cells and EMT/metastasis-prone cancer cells were iden-
tified as relatively susceptible to ferroptosis (Viswanathan 
et al., 2017; Guan et al., 2021). These findings demon-
strate that ferroptosis activation in tumour cells, as medi-
ated through, for example, GPX4 and ACSL4, lowers 
the tumour necrosis rate and invasiveness; however, the 
physiological role of ferroptosis in tumour suppression 
and the genetic mechanisms involved in overcoming this 
tumour-suppressing process remain unknown.

Fig. 1

Diagram of the core regulatory mechanism of tumor ferroptosis (green is the effect of hypoxia on ferroptosis, orange is the effect of lipid metabolism 
on ferroptosis). ACLY, ATP citrate lyase; ACSL4, acyl-CoA synthetase long-chain family member 4; AGEs, advanced glycation end products; ALOXS, 
arachidonate lipoxygenase; ARF, cyclin-dependent kinase inhibitor 2A; BCAT2, branched chain amino acid transaminase 2; CARS1, cysteinyl-tRNA 
synthetase; CRC, colorectal cancer; DAMPS, damage- associated molecular patterns; DPP4, dipeptidyl peptidase 4; DUSP1, dual-specificity 
phosphatase 1; EGLN1, egl-9 family hypoxia-inducible factor 1/3; EGLN1/3, Egl-9 family hypoxia-inducible factor 1/3; EMT, epithelial–mesenchymal 
transition; FASN, fatty acid synthase; Fe2+, ferrous iron; Fe3+, ferric iron; FPN, ferroportin; FSP1, ferroptosis suppressor protein 1; GC, gastric can-
cer; GLS2, glutaminase 2; Glu, glutamate; GPX4, glutathione peroxidase; GSH, l-glutathione; GSSG, l-glutathione oxidized; HIF, hypoxia- inducible 
factor; IFN-γ, interferon-γ; IPP, intracisternal A particle-promoted polypeptide; LIP, labile iron pool; LPCAT3, lysophosphatidylcholine acyltransferase 
3; LSH, lymphoid tissue-specific helicase; MUFA, monounsaturated fatty acid; NFE2L2, nuclear factor, erythroid 2-like 2; NOX4, NADPH oxidase 
4; PUFA, polyunsaturated fatty acid; PUFA-PL, phospholipid with polyunsaturated fatty acid; RLS, reactive lipid species; ROS, reactive oxygen 
species; SCD1, steroyl CoA desaturase; SLC7A11, solute carrier family 7 member 11; SNPs, single-nucleotide polymorphisms; TANs, tumour-as-
sociated neutrophils; TCA, mitochondrial tricarboxylic acid cycle; TFR1, transferrin receptor 1; TME, tumour microenvironment; TRAIL, TNF-related 
apoptosis-inducing ligand; TXNIP, thioredoxin-interacting protein; VCAM-1, vascular cell adhesion molecule-1.
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Ferroptosis and tumour suppressor genes
The p53 tumour suppressor pathway is inactivated in can-
cer (Kastenhuber and Lowe, 2017). Many p53 functions, 
including its involvement in cell cycle arrest, senescence, 
and apoptosis, have been linked to tumour suppression, 
including ferroptosis-mediated through regulation of 
SLC7A11 transcription (Kang et al, 2019). Thus, ferroptosis 
may be necessary for tumour suppression, particularly in 
the absence of modulators of cell cycle arrest, senescence, 
or apoptosis. In addition to regulating SLC7A11, p53 can 
induce SAT1 expression, enhancing ALOX15 activity, 
which modifies tumour cell sensitivity to ferroptosis (Ou 
et al., 2016). PTGS2 and CBS, two ferroptosis markers, 
have also been identified as p53 target genes (Enache 
et al., 2018); however, p53 can also inhibit ferroptosis in 
certain cancer cells by regulating p21 or dipeptidyl pepti-
dase 4 (DPP4) expression (Xie et al., 2017; Venkatesh et al, 
2020). The cell cycle regulatory protein p21 is an essential 
p53 target gene because it can slow the cell cycle and ini-
tiate the replacement of the raw materials needed to gen-
erate nucleic acids, NADPH, and glutathione, preventing 
ferroptosis (Venkatesh et al, 2020). The p53 protein may 
also directly bind DPP4 in the nucleus, preventing it 
from binding NOX1 in the cytoplasm and reducing the 
ferroptosis rate (Xie et al., 2017). These findings suggest 
the complicated roles played by ferroptosis in cancer, 
highlighting the need for further research. P53 is not the 
sole tumour suppressor that regulates ferroptosis. Similar 
to p53, BAP1 is commonly deleted or mutated in human 
malignancies (Carbone et al., 2020). BAP1, a tumour sup-
pressor, has been shown to reduce SLC7A11 expression 
and promote ferroptosis by regulating H2A ubiquitination 
at the SLC7A11 promoter (Zhang et al., 2019).

NFE2L2 is a master regulator of oxidative stress signal-
ling and exhibits a dual function in tumour development. 

Low constitutive NFE2L2 activity favours early car-
cinogenesis, whereas high constitutive NFE2L2 activity 
promotes tumour progression and therapeutic resistance 
(Dodson et al., 2019).

NFE2L2 expression in cancer cells is regulated by 
KEAP1-mediated protein degradation and the transcrip-
tional modulation of oncogene signalling pathways such 
as KRAS-BRAF-MYC (Rojo de la Vega et al., 2018). The 
NFE2L2 signalling pathway has been demonstrated to 
inhibit ferroptosis by transactivating cytoprotective genes 
linked to iron metabolism (SLC40A1, MT1G, HMOX1, 
and FTH1) and glutathione metabolism (SLC7A11, 
GCLM, and CHAC1) and genes encoding ROS detoxifi-
cation enzymes (TXNRD1, AKR1C1, AKR1C2, SESN2, 
GSTP1, and NQO1) (Anandhan et al., 2020). NFE2L2 
promotes SLC7A11 expression and activity, whereas 
TP53, BAP1, and BECN1 exert the opposite effects (Sun 
et al., 2016). During ferroptosis, glutathione levels are 
altered through this dual-regulation mechanism. Other 
glutathione sources include the transsulfuration pathway, 
which is inhibited by aminoacyl-tRNA synthetases such 
as CARS1. Notably, single-nucleotide polymorphisms in 
CARS1 (rs384490, rs729662, rs2071101, and rs7394702) 
increase the risk of gastric cancer (Tian et al., 2017).

HIF promotes tumour growth and treatment resistance 
(Lee et al, 2021). HIF1 and EPAS1 expression is upreg-
ulated in many cancers and is linked to poor patient out-
comes (Ivan and Kaelin, 2017). HIF seems to exhibit a 
dual function in cancer cell ferroptosis regulation. On 
the one hand, iron phagocytosis is inhibited by hypoxia, 
while mitochondrial ferritin expression is increased 
(Fuhrmann et al., 2020). On the other hand, EPAS1 acti-
vation increases lipid- and iron-regulator gene expres-
sion in tumours, making these tumours more susceptible 
to ferroptosis and increasing ROS levels via irreversi-
ble cysteine oxidation (Singhal et al., 2021). Therefore, 
effective control of HIF-mediated signalling is essen-
tial for maintaining lipid homeostasis and regulation of 
ferroptosis.

Ferroptosis and the tumour microenvironment
Ferroptosis promotes and suppresses tumour growth by 
releasing damage-associated molecular patterns (DAMPs) 
into the TME and activating immune responses to trig-
ger ferroptosis (Murao et al., 2021). DAMPs may cause 
immunogenic cell death, boosting antitumour immunity; 
however, DAMPs stimulate inflammatory responses that 
promote tumour development, indicating that ferropto-
sis influences the TME and that cancer cells may regu-
late ferroptosis (Sun et al., 2020a). In pancancer analyses, 
tumours sensitive to ferroptosis exhibited more CD8 + T 
cells (Tang et al., 2020). CD8 + T lymphocytes may secrete 
interferon γ to inhibit SLC3A2 and SLC7A11 expression 
and cystine absorption by tumour cells (Wang et al., 2019). 
Immune cells such as T cells, B cells, and macrophages 

Table 1 The action pathway of ferroptosis core gene

 Suppressor Driver 

Iron absorption and 
efflux

 Tfr1, Tfr2, DMT1

Iron storage  Ferritin
Ferriregulatory protein FBXL5 IRP1, IRP2
Heat shock protein HSF-1, HSBP1, 

HSPA5
 

Iron autophagy regula-
tory factor

 NCOA4

Redox-regulated NRF2, GPX4, 
FSP1, HO-1

NQO1, CISD1

ALOXs, PEBP1, NOXs
DPP4/CD26, VDAC2/3

Glutathione steady-
state regulation

SLC7A11, MUC1, 
GCLC

SLC1A5, GLS2, CARS, CHAC1

Lipid metabolism 
regulation

LSH/HELLS, SCD, 
FADS2

ACSL4, ACSL3, LPCAT3, CS

Regulation of glucose 
metabolism

PHGDH, G6PD, 
ME1

PHKG2

The mevalerate 
pathway

HMGCR SQLE, SQS

Transcription factor STAT3, ATF4, 
HIF1A

ATF3, BACH1, P53, ATF4, 
HIF1A, ZEB1, NRF2, YAP/TAZ

DPP4, dipeptidyl peptidase 4, LSH, lymphoid-specific helicase.
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undergo ferroptosis under specific circumstances, con-
trolling tumour immunity. Reduced production of cyto-
toxic cytokines due to ferroptosis driven by T-cell CD36 
expression and coupled with anti-PD-1 leads to dimin-
ished T-cell antitumour effects (Ma et al., 2021).

HMGB1 is released by ferroptotic cancer cells and pro-
motes inflammatory responses in macrophages by bind-
ing to advanced glycation end products (AGEs). This 
ferroptosis-mediated inflammatory response is limited 
by the genetic and pharmacological inhibition mediated 
by the HMGB1-AGE pathway. Furthermore, pancreatic 
cancer cells may secrete exosomes carrying KRAS-G12D, 
and these exosomes are engulfed by macrophages. The 
uptake of AGEs leads to M2 macrophage polarization 
and tumour growth promotion (Wen et al., 2019; Dai et al., 
2020). In addition to the aforementioned proteins, a com-
plex network of nonproteinaceous DAMPs (such as ATP, 
host DNA, and lipid mediators) may be produced during 
ferroptosis and influence antitumour immunity (Shi et 
al., 2022). The long-term effects of ferroptosis on tumour 
immunity depend on interactions between cancer cells 
and various immune cell subsets. For example, the lym-
phatic system promotes tumour spreading by boosting 
ACSL3-dependent monounsaturated fatty acid (MUFA) 
synthesis (Quan et al., 2021); however, the role played by 
neutrophils in cancer remains controversial (Shaul and 
Fridlender, 2019; Yee et al., 2020). Early tumour devel-
opment attracts neutrophils to damaged tissues, creating 
a positive feedback loop and leading to tumour necro-
sis (Yee et al., 2020). In contrast, neutrophils in various 
cancers are called tumour-associated neutrophils and 
are closely associated with poor prognosis in various 
advanced cancers, such as gastric cancer and colorectal 
cancer (CRC) (Mizuno et al., 2019; Wang et al., 2020b).

Neutrophils can promote tumour growth by releasing 
cytokines that affect the extracellular matrix, stimulat-
ing angiogenesis and regulating the behaviours of other 
inflammatory cells. They can also absorb and store iron 
and export proteins. Neutrophil cytotoxicity may lead to 
anticancer effects. Studies on neutrophil-induced cyto-
toxicity revealed that neutrophil-derived ROS, TNF-
related apoptosis-inducing ligand, and hydrogen peroxide 
are critical for neutralizing granulocyte-mediated tumour 
cell death (Yuan et al., 2018); however, not all mature neu-
trophils can induce cell death. High-density mature neu-
trophils can lead to tumour cell death, but low-density or 
immature neutrophils exert no impact (Sagiv et al., 2015). 
Activated mature neutrophils promote ferroptosis by 
transporting myeloperoxidase-containing granules into 
tumour cells (Yee et al., 2020).

Ferroptosis is related to tumour suppression and 
metabolism
Recent studies have shown that ferroptosis involves 
pathways linking tumour suppression and metabolism. 

The initiation and execution of ferroptosis depend on the 
interaction between amino acid metabolism, lipid metab-
olism, and iron metabolism pathways, and metabolic reg-
ulators also play roles in tumours.

Ferroptosis and amino acid metabolism
Amino acids are essential substances metabolized by 
almost all types of cells. Recent tumour metabolomic 
research has linked numerous amino acids to cancer 
growth and diverse metabolic signatures in tumour cells, 
indicating their possible roles as biomarkers and keys to 
disease aetiologies. Wiggins et al. (2015) observed that 
gastric cancer patients presented with lower tyrosine, phe-
nylalanine, and tryptophan levels. Citrulline, valine, tryp-
tophan, and histidine levels were considerably reduced in 
gastric cancer patients, whereas increased levels of isoleu-
cine and lysine were observed (Miyagi et al., 2011). Jing et 
al. (2018) discovered that gastric cancer patients presented 
with lower glutamine, histidine, arginine, and tryptophan 
levels and higher ornithine concentrations, and these 
markers showed excellent specificity and sensitivity for 
use in discriminating gastric cancer from stomach ulcers. 
Specifically, leucine, threonine, and serine are potential 
biomarkers for early gastric cancer (Liu et al., 2018).

Furthermore, arginine has been reported to be a prog-
nostic factor for gastric cancer (Shi et al., 2021). Tumour 
cells overexpress amino acid transporters to accommo-
date increases in amino acid requirements. The cationic 
amino acid transporter PQLC2 is involved in the cysteine 
depletion process and is considered a possible therapeu-
tic target in gastric cancer (Jeung et al., 2019).

In ferroptosis, cystine is transported by system XC- to 
produce glutathione. Recent research based on CRISPR/
Cas9 editing revealed a previously unknown ferropto-
sis inhibitor, BCAT2, which controls intracellular gluta-
mate levels, activates selective antagonistic system Xc 
inhibition and protects liver and pancreatic cancer cells 
against ferroptosis in vitro and in vivo (Wang et al., 2021a). 
ATF4, a ferroptosis inhibitor, has also been identified as 
a promoter of gastric cancer progression, possibly by reg-
ulating amino acid metabolism and autophagy pathways 
(Wang et al., 2021b).

Ferroptosis and lipid metabolism
The regulation of lipid metabolism, such as lipid uptake, 
synthesis, and hydrolysis, is essential for maintaining cel-
lular homeostasis. Lipid production, storage, and degrada-
tion are closely linked to ferroptosis and lipid peroxidation 
(Röhrig and Schulze, 2016). Moreover, tumour cells also 
activate adipogenesis to maintain their high metabolic 
demands (Snaebjornsson et al., 2020). Therefore, lipid 
metabolism plays a role in ferroptosis and carcinogenesis.

Lipid peroxides form some of the ROS found in all living 
organisms and are the principal inducers of ferroptosis 



The putative role of ferroptosis in gastric cancer Wang and Wang 579

(Latunde-Dada, 2017). In the presence of ferrous iron, 
LPO is transformed into alkoxy radicals, which then com-
bine with polyunsaturated fatty acids (PUFAs) to initiate 
a lipid radical chain reaction resulting in hydroxy fatty 
acid or reactive hazardous aldehyde production. These 
reactive lipid species may induce toxicity, stimulate lipid 
peroxidation, alter critical proteins, or drive cell death sig-
nalling cascades (Higdon et al., 2012). Exogenous MUFAs 
and PUFAs regulate intracellular lipid peroxidation and 
hence influence cell ferroptosis susceptibility (Yang et 
al., 2016). Exogenous MUFAs may displace PUFAs from 
phospholipids in the plasma membrane, reducing their 
oxidation susceptibility (Magtanong et al., 2019).

Cancer cell lipid metabolism is dynamically intercon-
nected to the TME (Vriens et al., 2019). Oncogenic sig-
nalling and lipid metabolism promote cancer cell growth, 
survival, proliferation, migration, invasion, and metas-
tasis. Induction of extracellular fatty acid transporters 
(CD36, SLC27, FABPs) (Su and Abumrad, 2009) and 
stromal cells (adipocytes and fibroblasts) may encour-
age tumour cells to take up extracellular fatty acids and 
trigger mitotic signalling (Ladanyi et al., 2018; Auciello et 
al., 2019). Cachexia cancer cells quickly release factors 
that cause excessive fatty acid oxidation (FAO) in human 
myotubes, causing oxidative stress, p38 activation, and 
decreased muscle growth (Fukawa et al., 2016). High lev-
els of saturated membrane lipids due to lipid accumula-
tion in gastric cancer patients protect cancer cells from 
ROS-induced damage (Kopecka et al., 2020).

Lipid metabolism genes may play roles in cancer promo-
tion. Reduced production of ATP citrate lyase, which is 
a catalyst for the first reaction in de-novo fat synthesis, 
decreases the viability of tumour cells and limits their 
proliferation, invasion, and metastasis (Khwairakpam 
et al., 2020). Inhibition of the fatty acid synthase gene 
reduces the fatty acid synthesis rate and increases mal-
onyl-CoA build-up, which inhibits carnitine palmitoyl-
transferase-mediated FAO. Furthermore, FAO may lead 
to ATP and NADPH production, eliminating potentially 
toxic lipids and causing subsequent cell cycle arrest and 
tumour cell apoptosis (Carracedo et al., 2013; Schroeder et 
al., 2021). Sun et al. (2020b) found that overexpression of 
fat cell differentiation-related proteins may induce cellu-
lar hypoxia, decreasing the ferroptosis rate and increasing 
gastric cancer cell proliferation and apoptosis.

The ACSL protein family is involved in critical lipid 
metabolism pathways such as peroxisome adipocytokine 
signalling pathway. Furthermore, the PPAR signal-
ling pathway regulates fatty acid metabolism. Notably, 
GPX4 has been found to activate NRF2 and inhibit the 
expression of vascular cell adhesion molecule-1, con-
tributing to tumour metastasis and angiogenesis (Song 
and Long, 2020). The iron-dependent enzymes Egl-9 
family hypoxia-inducible factor 1/3 and c-Myc directly 
induce the expression of chromatin remodelling factor 

lymphoid-specific helicase (LSH) by inhibiting HIF-1α. 
Increasing the LSH levels can upregulate the expression 
of genes involved in lipid metabolism, such as SCD1 and 
FADS2, and reduce the ferroptosis rate by inhibiting the 
accumulation of lipid peroxides and intracellular iron 
(Jiang et al., 2017).

Ferroptosis and iron metabolism
Iron is an essential element in all living organisms. The 
capacity of iron to be oxidized and reduced makes it 
ideal as an electron transporter and a cofactor in various 
biochemical reactions, including DNA synthesis, mito-
chondrial respiration, host defence responses, and cell 
signalling. Moreover, disrupted iron redox may lead to 
ROS formation, adversely affecting genome stability and 
inducing malignant transformation. Therefore, abnormal 
iron metabolism plays a significant role in the develop-
ment and growth of tumours (Yang et al., 2016; Wang et al., 
2018). Iron homeostasis in the TME or in tumour cells is 
related to tumour development (Hassannia et al., 2019).

Substantial oxidative stress disrupts the regulatory func-
tion of ferritin, causing the release of large quantities of 
iron, which leads to excessive iron build-up in cells and 
low ferroportin levels. Iron-dependent lipid peroxida-
tion is promoted by high TfR expression levels (Verma et 
al., 2020). Intracellular ROS may be produced in several 
ways. The Fenton reaction, in which ferrous iron reacts 
with hydrogen peroxide to generate hydroxyl radicals 
that participate in the ROS reaction, is a crucial regulator 
of ferritin degradation and TfR1 expression during fer-
roptosis. ROS-induced autophagy is another critical reg-
ulator of ferritin degradation and TfR1 expression during 
ferroptosis (Park and Chung, 2019). Iron is also an essen-
tial cofactor of several ROS-producing enzymes (Liu et 
al., 2022).

In addition to the involvement of iron metabolism alter-
ation in ferroptosis, genes that regulate iron metabo-
lism can regulate ferroptosis. Hepcidin is a gene crucial 
for regulating iron metabolism and is mainly expressed 
in cells that have been exposed to iron, such as hepato-
cytes, intestinal epithelial cells, and macrophages in the 
reticuloendothelial system. Hepcidin binds to transfer-
rin (ferroportin) on the cell surface, causing transferrin 
breakdown and reducing iron production.

Ferroportin levels are quickly stabilized when hepcidin 
levels are low and iron is transferred to plasma. When 
hepcidin expression is high, ferroportin is inactivated, 
and iron absorption into plasma is inhibited. As a result, 
elevated hepcidin levels have been reported in several 
tumour types, and hepcidin inhibits ferroportin-me-
diated iron export (Ginzburg, 2019). By establishing a 
ferroportin-deficient mouse model to mimic hepcidin 
hyperactivation in CRC, Schwartz et al. (2021) discov-
ered that ferroportin-deficient individuals and tumour 
tissue exhibited considerably increased iron reserves. 
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This study shows that intestinal epithelial hepcidin-fer-
roportin signalling is essential for CRC development and 
progression.

Ferroptosis and gastric cancer
In addition to the aforementioned interactions involved 
in ferroptosis and tumours, ferroptosis may play a role in 
the occurrence and development of gastric cancer medi-
ated through Helicobacter pylori infection and gastric can-
cer-related molecules (Lopez and Skaar, 2018).

Ferroptosis and H. pylori infection
More than 60% of gastric cancers are closely related to infec-
tion with H. pylori, a gram-negative, active, microaerophilic, 
and spiral-shaped bacterium (Matsunaga et al., 2018). The 
only natural host of H. pylori is the human stomach, where 
it causes gastric cancer by producing specific toxic factors 
such as cytotoxin-related gene A, vacuolar cytotoxin A, and 
outer membrane protein. The WHO has classified H. pylori 
as a Grade 1 carcinogen (Crowe, 2019). An imbalance in iron 
metabolism is currently thought to induce ferroptosis and 
increase the risk of gastric cancer (Wei et al., 2020); however, 
multiple mechanisms may link iron metabolism, H. pylori 
infection, and cancer development; whether H. pylori is the 
primary cause of the underlying aberrant iron metabolism in 
gastric cancer is debated. H. pylori infection accelerates car-
cinogenesis by increasing pathogen virulence (Noto et al., 
2013) and is related to iron shortage, a higher plasma sTfR 
level, and a higher sTfR/log ferritin ratio (Enko et al., 2019). 
Iron shortage enhances H. pylori cag pathogenicity island 
expression coupled with toxin VacA released by H. pylori to 
induce transmutation. Because ferritin receptors are mislo-
calized in the basolateral membrane, not the apical surface, 
H. pylori receive iron from transferrin to survive (Flores et 
al., 2017). In addition, the interplay of dyslipidaemia with 
H. pylori infection can promote gastric cancer progression by 
inducing TH17 cell differentiation and activation (Liu et al., 
2017). Although the association between H. pylori, gastric can-
cer, and ferroptosis is widely acknowledged, further study is 
needed to understand the relevant processes.

Ferroptosis-related molecules and gastric cancer 
prognosis
Recent research shows that ferroptosis is linked to the 
development of gastric cancer, but the possible mech-
anism of ferroptosis in gastric cancer cells has not been 
fully explained (Table  2). Studies have shown that four 

gastric cancer cell lines (AGS, SNU-1, Hs-746 T, and HGC-
27 cells) are all sensitive to erastin (Wang et al., 2021c). 
Moreover, ferroptosis is the primary form of erastin-in-
duced gastric cancer cell death (Hao et al., 2017). Xiao et 
al. (2021) found that gastric cancer-associated TMEs can 
be classified into EMT-like, microsatellite instability-like, 
and metabolite-like types. In each subtype, a different set 
of enriched pathways is activated, and a different survival 
rate is associated with each type. Therefore, the identifi-
cation of gastric cancer subtypes with varying ferroptosis 
rates has important clinical implications (Xiao et al., 2021). 
In addition, some genes have been found to play essential 
roles in regulating ferroptosis in gastric cancer. For exam-
ple, CDO1 (Hao et al., 2017) and ALOX15 (Zhang et al., 
2020a) can promote the ferroptosis of human gastric cancer 
cells, while SCD1 (Wang et al., 2020a), PLIN2 (Sun et al., 
2020b), and GDF15 (Chen et al., 2020a) inhibit ferroptosis 
of human gastric cancer cells. Notably, ferroptosis-related 
genes were discovered as indicators of gastric cancer diag-
nosis and prognosis in prognostic models (Huo et al., 2021; 
Jiang et al., 2021; Liu et al., 2021b, 2021c; Wang et al., 2021d).

Three separate studies revealed that the expression levels 
of ZFP36 and MYB are reliable predictors of clinical out-
comes. ZFP36, also known as tristetraprolin, is an RNA-
binding protein that downregulates TWIST1 and SNAI1 
expression to initiate the mesenchymal-epithelial transi-
tion (Yoon et al., 2016). ZFP36 binds to PRC1 mRNA, lim-
iting tumour development and enhancing 5-Fu sensitivity 
by downregulating PRC1 expression (Chen et al., 2020b). 
ZFP36 also protects cells against ferroptosis by regulating 
cellular responses to oxidative stress (Zhang et al., 2020b).

MYB is a well characterized proto-oncogene protein that 
controls various signalling pathways involved in cell differ-
entiation, survival, and proliferation and plays a critical role 
in carcinogenesis in multiple cancer types (Fry and Inoue, 
2019). MYB expression in gastric cancer cells can be targeted 
and inhibited by miR-139-5p, promoting gastric cancer cell 
proliferation and metastasis (Xie et al., 2021). Exosomes 
transport miR-130a from gastric cancer cells to vascular cells 
by targeting c-MYB in vivo and in vitro to enhance angiogen-
esis and tumour progression (Yang et al., 2018). Furthermore, 
c-Myb promotes the transcription of CDO1 and the expres-
sion of GPX4 during ferroptosis (Hao et al., 2017).

Dual-specificity phosphatase 1 (DUSP1) is an onco-
gene, and increasing evidence suggests that it is 
involved in tumour cell proliferation, differentiation, 

Table 2 Prognostic model results associated with ferroptosis in gastric cancer

Author Gene  

Wang C SLC1A5, ANGPTL4, CGAS Yang et al. (2018)
Chen L GABARAPL1, ZFP36, DUSP1, TXNIP, NNMT, MYB, PSAT1, CXCL2 Lopes et al. (2017)
Wang F AKAP12, DUSP1, EFNA3, LOX, PIM1, SERPINE1, STC1, ZFP36 Peng et al. 2020
Liu G TCFBR1, MYB, NFE2L2, ZFP36, TF, SLC1A5, NF2, NOX4 Teng et al. (2018)
Huo J NOX4, NOX5, GLS2, MYB, TGFBR1, NF2, AIFM2, ZFP36, SLC1A4, TXNIP, CXCL2, HAMP, SP1 Schröder et al. (2020)

DUSP1, dual-specificity phosphatase 1; NOX4, NADPH oxidase 4; TXNIP, thioredoxin-interacting protein.



The putative role of ferroptosis in gastric cancer Wang and Wang 581

transformation, cell cycle arrest, and apoptosis by regu-
lating the MAPK signalling pathway (Lopes et al., 2017; 
Peng et al., 2020). The expression of DUSP1 is more 
significant in the early stages of gastric cancer than in 
the late stages of the disease. Furthermore, it has been 
closely associated with the drug resistance of gastric 
cancer cells (Teng et al., 2018).

Thioredoxin-interacting protein (TXNIP) is a metabolic 
protein involved in redox homeostasis and several biological 
processes, making it a tumour suppressor in many malignan-
cies, although it is expressed at low levels in numerous human 
cancers and tumours (Schröder et al, 2020). TXNIP overex-
pression reduces tumour growth and metastasis in transplant 
models (Park et al., 2018), while TXNIP deficiency has been 
shown to promote gastric cancer development through ROS 
signalling (Lee et al., 2010). NADPH oxidase 4 (NOX4) 
controls the generation of ROS and lipid peroxides. NOX4 
expression has been linked to the aetiology, development, 
and prognosis of several cancer types. For example, overex-
pression of NOX4 promotes CRC progression and is associ-
ated with poor prognosis (Lin et al., 2017). The NOX4 gene 
is also often deleted in individuals with liver cancer, indicat-
ing that NOX4 may reduce tumour growth by mediating 
TGF-1-induced apoptosis (Herranz-Itúrbide et al., 2021). 
Although the mechanism of NOX4 action in gastric cancer is 
still unclear, studies have shown that NOX4 can significantly 
promote the proliferation and invasion of gastric cancer cells 
(Gregg et al., 2014).

The degree of information on identified ferroptosis-re-
lated genes varies greatly due to differences in the data-
bases and assessment methodologies used in individual 
studies. Therefore, whether these ferroptosis-related 
genes can be used to diagnose or predict the prognosis of 
gastric cancer in the early stages remains unclear.

Summary
Ferroptosis, an iron-dependent controlled form of cell 
death caused by lipid peroxide build-up, is linked to 
several disorders and exhibits a tumour suppressor func-
tion. Many studies have linked ferroptosis to tumour 
incidence, growth, invasion, and metastasis, particularly 
in TME and immunotherapy studies. Gastric cancer is 
one of the most prevalent digestive tract cancers, and the 
role played by ferroptosis in gastric cancer incidence and 
progression remains unknown. This article summarizes 
the correlations identified between ferroptosis and gas-
tric cancer by describing related mechanisms and their 
relationships with the TME and metabolic regulation, 
which contribute to future research on the mechanism of 
ferroptosis in gastric cancer tissue.
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