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Damage Type

Radiation-induced lung
injury

Radiation-induced intestinal
injury

Radiation-induced skin
injury
Radiation-induced
hematopoietic injury

Total body irradiation
induced injury

Drugs

Liproxstatin-1

GsMTx4

PDI151746
NVP-AUY922
Liproxstatin-1

(-)-cpigallocatechin-3-
gallate

NMN

Ferrostatin-1

Baicalein

Polycysteine

Target

GPX4
PIEZO1

calpain
HSP9O
LPCAT3
Nrf-2

NAD+
GPX4
15-LOX

GPX4 ,
NOX1

Mechanism

Increase GPX4 levels

Inhibit PIEZO1/Ca2+/calpain pathway and increase the expression
GPX4 and SLC7A11

Inbibit calpain and increase the expression GPX4 and SLC7A11
Inhibit HSPIO/CMA pathway and inhibit the degradation of GPX4
Inhibit radiation-activated LPCAT3/LOX pathway

Increase the expression of GPX4 and SLC7A11 and reduce ROS content by
activating Nrf-2

Promote the NAD+/NADH system, increase the synthesis of GSH, and
enhance the resistance to ferroptosis in a GPX4-dependent manner

Reduce the levels of hemosiderin and liable iron pool and increase GPX4

Inhibit depletion of GPX4 and 15-LOX
Activate GPX4 and inhibit NOX1

References

(Li et al, 2019b)
Guo et al. (2021)

Guo et al. (2021)
(Li et al, 2022)
Wangetal. (2022)
Xie et al. (2020)

Feng et al. (2022)

(Zhang et al.,
2021d)

Dar et al. (2022)

Zhang et al.
(2021a)

GPX4, glutathione peroxidase 4; HSP0, the heat shock protein 90; CAM, chaperone-mediated autophagy; LPCAT3, lysophosphatidylcholine acyltransferase 3; NMN, nicotinamide
sononndioaie LOX. Towyein: NiE2 M Bictor sevthiced 2aviesed fctor 22 G, chsslsone: NOK], ifcotinauinde aduin: diniichiotide phosphinte: it
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Ferroptosis Apoptosis Autophagy Necroptosis Pyroptosis
Morphology ~ Obvious mitochondrial Cell shrinkage, Formation of Swelling of the cytoplasm and  Swelling of cells, rupture of the

contraction, increased chromatincon densation,  autophagosomes organelles, rupture of the cell  cell membrane

‘membrane density membrane

reduced or disappeared formation of apoptotic

mitochondrial cristae bodies and disintegration

of the cytoskeleton

the nuclear volume doesn’t  no significant changes in

change mitochondrial structure
Biochemical Iron accumulation and DNA strand breaks Lysosomal activity is Metabolic functions such as Cell contents and pro-
reaction plasma membrane lipid enhanced ion gradient and ATP inflammatory cytokines release

peroxidation production are irreversibly lost and inflammasome

sensors active

Gene GPX4, SLC7A11, NRF2, Caspase, Bcl-2, Bax, ATGS, ATG7, Beclin-1,  RIP1, RIP3 GSDMA, GSDMC, GSDMD,
expression ATF4, P53, HSPB1, ACSL4, P53, Fas DRAMS3, TFEB, GSDME

FSP1, DHODH, TFR1 MAPLC3
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Primer nam Sequence

GAPDH GCGCCAAGAGGGTCATCATCTCTG
CATAAGTCCCTCCACGATGCCAAAG

B-actin ‘GCCCATCTATGAGGGGTACGC
CTCCTTGATGTCACGGACGATTTC

TERC TTGGATTTATGATTGGCTACTTGGG
AATATGCGAGGTACTCCAGGGAGTTG

PTGS2 TCTTCCTCCTGTGCCTGATGACTGC
ACATCAGATTTGTGCCCTGGGGATC

p73 ACCTCATCCGTGTGGAGGGCAAC
CACCTGTCCGTCCCGTGTCTCC






OPS/images/fcell-13-1532910/fcell-13-1532910-g001.gif
pCONAY]

™7





OPS/images/fcell-13-1532910/fcell-13-1532910-g002.gif
ool =

STATS

Ed DAPL Merged






OPS/images/fcell-13-1532910/fcell-13-1532910-g003.gif
A BaL3 B






OPS/images/fcell-13-1532910/fcell-13-1532910-g004.gif
< expression of






OPS/images/fcell-13-1532910/crossmark.jpg
©

|





OPS/images/fcell-12-1510390/crossmark.jpg
©

|





OPS/images/fcell-12-1510390/fcell-12-1510390-g001.gif





OPS/images/back-cover.jpg
Frontiers in
Celland Developmental Biology

Explores the fundamental biological processes
oflife, covering intracellular and extracellular
dynamics.

The world's most cited developmental biology
journal, advancing our understanding of the
fundamental processes of lfe. It explores a wide
spectrum of cell and developmental biology.
covering intracellular and extracellular dynamics.

Discover the latest
Research Topics

Frontiers

Avenue du Trbunal-Fédéral 34
1005 Lausane, Switzerland.
fontersinorg

Contactus

+41(0021 5101700
fontiersn oro/about/contact

& frontiers






OPS/images/fcell-13-1525294/fcell-13-1525294-g003.gif





OPS/images/fcell-13-1525294/fcell-13-1525294-t001.jpg
Disease type

SIRT1 regulation

Therapeutic

Mechanism

Clinical potential

strategies
Neurological Diseases Activation Resveratrol, SRT1720, Enhance Nrf2/GPX4, Protect neurons from Wen et al. (2024),
SRT2104, Propofol, reduces oxidative stress, | ferroptosis in Yang et al. (2022),
Ketogenic diet, Ferulic mitigates lipid neurodegenerative Liu etal. (2022),
acid peroxidation disorders and cognitive | Wang et al. (2023b), and
decline Yan etal. (2024)
Liver Diseases Activation Salidroside, Ulinastatin, | Regulate Protect against liver Wang etal. (2021),
Rosa rugosa, PS3/GPX4/GSDMD and | failure, sepsis, and NASH | Xu etal. (2023), Lei et al.
Dihydroquercetin Nrf2/ps3, decreases (2023), and Zeng et al.
oxidative stress (2024a)
Lung Diseases Activation Meteorin-like, Suppress p53 acetylation, | Alleviate ALI Chen etal. (2022a),
Meteorin-p, FGF, activate Chen etal. (2023b),
GDF11, Quercetin SIRT1/Nrf2/GPX4, Lin etal. (2024b),
maintains iron Wu et al. (2024), and
‘homeostasis Dengetal. (2023)
Cardiovascular Diseases | Activation Quercetin, Resveratrol, Activate Nrf2/Keapl, Protect against Lin etal. (2023),
Icariin, Pterostilbene, SIRT1/p53/SLC7A11, ‘myocardial infarction, Wang etal. (2023),
inhibit ferroptosis in ischemia-reperfusion Abdel-Rahman et al.
cardiomyocytes injury, and (2022),
doxorubicin-induced Yarmohammadi et al.
cardiotoxicity (2024), Tang et al.
(2024), Yu etal. (2023a),
Yuetal. (2024),
Zhang et al. (2023b), and
Zhang et al. (2024b)
Kidney Diseases Activation Baicalein, Gastrodin, Enhance SIRT1/Nrf2, Mitigates acute kidney Yu et al. (2023b),
Earthworm extract reduce oxidative stress injury Qiu etal. (2024), and
Shu et al. (2024)
Bone Health Activation Vitamin K2, Icariin Activate AMPK/SIRT1, | Prevent osteoporosisand | Jin etal. (2023), Jing et al
inhibit oxidative osteoarthritis (2019), and Schluesener
stress-induced and Schluesener (2014)
ferroptosis
Cancer Activation or Inhibition | Protocadherin 20, Regulate SIRTI/AMPK, | Enhances Jun et al. (2023),
Ropivacaine, PTEN/PI3K, modulate ferroptosis-based Zeng etal. (2024b),
p-nicotinamide ferroptosis sensitivity in | strategies in HCC, Sun et al. (2024), and
‘mononucleotide tumors colorectal cancer, Zhang et al. (2023a)
‘melanoma, and lung
adenocarcinoma
Mastitis Activation Schisandrin B, Regulate Alleviate mastitis Zhou et al. (2024b),
saikosaponin A, SIRT1/p53/SLC7AI1, Zhao et al. (2023b), and
diosmetin Nrf2, GPX4 Zhao et al. (2023¢)
Diabetes Activation Astragaloside-1V, Enhance Ameliorate diabetesand | Tang et al. (2022),
Flavanones, Honokiol FOXO3a/NRE2, its complications Zhou et al. (2025),

preserve p-cell function

Han et al. (2024),
Liang etal. (2023), and
Hu etal. (2023)
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Small molecules or
drugs

Malondialdehyde (MDA)

4-Hydroxy-trans-2-nonenal
(4-HNE)

CoQ10

BH4

Ferric Ammonium
Citrate (FAC)

PGE2

Ferristatin 11

Biochanin A (BCA)

Deferoxamine (DFO)

Intervention target

Cell membrane lipids

Cell membrane lipids

Mitochondrial respiratory chain, liposomal
membranes

liposomal membranes

Cellular iron metabolism and cartilage
homeostasis

FLS

TR

TiRI, FPN

Tron ions, MMP-1, MMP-13, IL-1, TNF-a,
NCOA4

Function

Toxic product that damages cell membrane
integrity and increases permeability

‘Toxic product that damages cell membrane
integrity and increases permeability

Inhibits lipid peroxidation

Inhibits lipid peroxidation

Enhances iron-induced cell death and
cartilage degradation

Enhances inflanmation response

Promotes TfR1 degradation and interferes
with Tf-mediated iron delivery, intervening
in OA pathology

Inhibits TfRI, promotes FPN expression,
reduces intracellular iron concentration,
alleviates mitochondrial damage and
apoptosis in chondrocytes caused by iron
overload

Inhibits Type II collagen degradation,
downregulates inflammatory cytokines, and
restores iron homeostasis by chelating excess
iron

Reference

Grigolo et al. (2003), Shah et al. (2005),
Gladkova (2022)

Grigolo et al. (2003), Shah et al. (2005),
Gladkova (2022)
Frei et al. (1990)

Soula et al. (2020), Fanet et al. (2021)

Yao et al. (2021)

Tsai et al. (2017)

(Cheng et al, 2022)

(He Q et al., 2023)

Tehetina et al. (2016)

Deferiprone (DFP) Iron fons Chelates iron to reduce iron levels and Rodrigues de Morais and Gambero (2019)
prevent ferroptosis
Deferasirox (DFS) Iron ions Chelates iron to reduce iron levels and Rodrigues de Morais and Gambero (2019)

White Cardamonin (CAR)

YL-939

Astaxanthin

‘Tanshinone IIA (Tan 1IA)

Naringin (NAR)

Icariin (ICA)

‘Thiazolidinedione (TZD)

Ferrostatin-1 (Fer-1)

Liproxstatin-1 (Lip-1)

Vitamin E

Edaravone

N-acetylcysteine (NAC)

Melatonin

Metformin

Resveratrol

Tea polyphenols

Pyrroloquinoline
quinone (PQQ)

Sulforaphane

Ergosterol (ER)

D-Mannose

Catalpol

Astragalus
Polysaccharides (APS)

SIRTI, p38MAPK, NLRP3 inflammasome,
Type II collagen, MMP

PHB2 (Prohibitin 2)

P53 expression

Oxidative stress (iron, ROS, MDA levels)

NRE2 expression

GPX4

ACSL4

GPX4, Mitochondrial structure

GPX4

GPX4

GPX4

GPX4

PS3/ERK/p38

AMPK

FOXO1, OPG/RANKL

Runx2, Wnt\caspase-3, RANKL

Nrf2

Nrf2/ARE

Nrf2

HIF-2p

Mitochondrial biogenesis (PGC-1a, NRF1,
TFAM)

Mitochondrial ROS levels

prevent ferroptosis

Protects cartilage by reversing iron overload-
induced chondrocyte damage and inhibiting
apoptosis, reduces cartilage degradation and
inflammation

Regulates ferritin expression and
phagocytosis to reduce intracellular free iron
levels

Downregulates p53 expression and reduces
ferroptosis-related protein expression

Reduces iron, ROS, and MDA levels,
increases GSH levels, and improves oxidative
stress status

Reduces MDA and ROS accumulation,
upregulates NRE2, mitigates oxidative stress

Upregulates GPX4 expression, reducing
MDA and iron levels, activating System Xc/
GPX4 axis, inhibiting ferroptosis

Selective inhibition of ACSLA activity,
significantly inhibiting lipid peroxidation

Inhibits ferroptosis, upregulating GPX4 and

SLC7A11, downregulating ACSL4 in mild
OA\Restores mitochondrial structure

Antioxidant enhancing GPX4 protective
effects, reducing lipid peroxidation

Antioxidant enhancing GPX4 protective
effects, reducing lipid peroxidation

Antioxidant enhancing GPX4 protective
effects, reducing lipid peroxidation

Antioxidant enhancing GPX4 protective
effects, delaying disease progression

Blocks ROS accumulation and pS3/ERK/
P38 activation to protect against iron
overload-induced osteogenic differentiation
dysfunction and senescence

Increased the expression of phosphorylated
and total AMPK in articular cartilage tissue

Reverses the reduction of Runx2, OCN, and
type I collagen caused by excess iron.
Upregulates the level of FOXO1. Maintains
the antioxidant/prooxidant equilibrium.
Reduces the ratio of OPG/RANKL to inhibit
osteoclastogenesis

Promote bone formation by upregulating
factors like Runx2 and Wnt, and inhibit bone

resorption by reducing caspase-3 and
RANKL

Increases GPX4 levels, reduces lipid
peroxidation, and mitigates ferroptosis
damage to chondrocytes

Increases GPX4 levels, reduces lipid
peroxidation, and mitigates ferroptosis
damage to chondrocytes

Upregulates Nrf2 activity inhibits ferroptosis-
related molecules such as MMP-9 and MMP-
13, enhances oxidative stress resistance, and
protects chondrocytes

Restores GSH levels, increases GPX4 and
SLC7AI1 expression, reducing ferroptosis in
chondrocytes

Promotes mitochondrial DNA and nuclear
DNA expression, enhances mitochondrial
respiration rate and ATP production

Mitigates iron overload-induced damage in
bone marrow mesenchymal stem cells

(Li'$ et al, 2023)

Yang et al. (2022a)

Wang et al. (2022a)

(XuJ etal, 2023)

Pan et al. (2022)

(Wang et al., 2016; Xiao et al., 2024)

Doll et al. (2017)

(Xu'Y etal, 2023)

(Skouta et al., 2014; Shah et al., 2017; Guo
etal, 2022)

(Kagan et al,, 2017; Homma et al., 2019)

(Kagan et al,, 2017; Homma et al., 2019)

Tian et al. (2016)

Yang et al. (2017)

Li et al. (2020)

(Zhao et al,, 2015)

Shen et al. (2013)

(LiJ et al, 2023)

(Calabrese and Kozumbo, 2021; Mahn

and Castillo, 2021)

Cai et al. (2021)

Zhou et al. (2021)

Chen et al. (2022)

Yang and Stockwell (2016)
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Biological

components

Mechanism or
intervention target

Function

Reference

TR Cellular iron uptake Mediates endocytoss of transferrin-bound iron Aisen et al. (1978), Johnsen et al. (2019)
DMT1 Iron transmembrane transport Transports iron ions into the cytoplasm Pantopoulos (2004), Feng et al. (2020),
Koike et al. (2020)
STEAP3 Iron reduction Reduces Fe3* to Fe2" for cytoplasmic iron pool Pantopoulos (2004), Feng et al. (2020),
Koike et al. (2020)
FPN1 Transmembrane iron export Exports excess iron out of the cell Kakhlon and Cabantchik (2002)
NCOA4 Ferritin autophagy Regulates intracellular iron levels by ferritin degradation | Latunde-Dada (2017)
GPX4 Antioxidant enzyme activity Protects cells from oxidative damage and ferroptosis by | Mancias et al. (2014)
reducing lipid peroxides
' System Xe Cystine/glutamate exchange | Mediate's cystine uptake for GSH synthesis Dixon et al. (2014)
NRF2 Antioxidant gene expression Regulates antioxidant gene expression under oxidative | Xie et al. (2016), Tang et al. (2021)
stress.
SOD Superoxide radicals Catalyzes the dismutation of superoxide radicals Cheng et al. (2022)
CAT Hydrogen peroxide Decomposes hydrogen peroxide to water and oxygen | Baker et al. (2023)
NADPH CoQI0 reduction Reduces CoQI0 to inhibit lipid peroxidation Frei et al. (1990)
ESP1 NADPH-dependent CoQ10 reduction | Catalyzes NADPH reduction of CoQ10 Frei et al. (1990)
GCH1 BH4 synthesis  Promotes B4 synthesis to inhibit ferroptosis Soula et al. (2020), Fanet et al. (2021)
DHER BH4 synthesis Promotes BH4 synthesis, reducing lipid peroxidation | Soula et al. (2020), Fanet et al. (2021)
ACSL4 Promotes lipid peroxidation Accelerates lipid peroxidation Kagan et al. (2017)
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Biological

components

Intervention target

Function

Reference

SLC7AIL Antioxidant enzyme system Inhibits oxidative stress and lipid peroxidation Yao et al. (2021)

CPTIA Facilitates fatty acid -oxidation Increases lipid oxidation Zhou et al. (2021)

MMP-1 synovial Related to synovitis and inflammation Ni et al. (2018), Jing et al.
(2021a)

MMP-13 synovial Related to synovitis and inflammation Ni et al. (2018), Jing et al.
(2021a)

COX-2 arachidonic acid Increases prostaglandin E2 secretion Tsai et al. (2017)

NMDA receptor

ROS

HIF-1a

LncRNA PMAN
» FOXO3

BoNT/A

OA joint

Osteoblasts and Osteoclasts

Cartilage Cells (Chondrocytes)

SLC7A11 mRNA

NE-kB/MAPK signaling pathway

SLC7A11/GPX4 anti-ferroptosis
system

Triggers inflammation and pain in OA progression

Disrupts bone cell function, leading to abnormal bone
remodeling

Critical for the growth and survival of chondracytes,
influencing subchondral bone

Maintains the stability of ferroptosis-regulating gene
SLC7A11 mRNA, inhibiting ferroptosis

Upregulates antioxidant genes, reduces lipid peroxidation and
iron accumulation, protects chondrocytes and ECM

Reduces ROS and iron ion accumulation, restores
mitochondrial function

Piepoli et al. (2009)
Stockwell et al. (2017)

Fan et al. (2018), Lin et al.
(2022)

Fan et al. (2018), Lin et al.
(2022)

Zhao et al. (2023)

Zeng et al. (2024)






OPS/images/fcell-12-1416345/fcell-12-1416345-g001.gif





OPS/images/fcell-12-1416345/fcell-12-1416345-g002.gif





OPS/images/fcell-12-1452824/fcell-12-1452824-g001.gif





OPS/images/fcell-12-1452824/fcell-12-1452824-g002.gif
e

PLIEPLS

¢

H :’e&e






OPS/images/fcell-12-1452824/fcell-12-1452824-gx001.gif
FAC bl

i
e

Bkat

Ferroptosis





OPS/images/fcell-12-1416345/crossmark.jpg
©

|





OPS/images/fimmu.2024.1394477/fimmu-15-1394477-g007.jpg





OPS/images/fimmu.2024.1394477/fimmu-15-1394477-g008.jpg


OPS/images/fcell-12-1452824/crossmark.jpg
©

|





OPS/images/cover.jpg
& frontiers | Research Topics

Ferroptosis: intersections,
implications, and
innovations in
programmed cell death






OPS/images/fcell-12-1416345/fcell-12-1416345-g008.gif





OPS/images/fcell-12-1416345/fcell-12-1416345-g004.gif





OPS/images/fcell-12-1416345/fcell-12-1416345-g005.gif
==
===
=
E=
Bt
="
=
=
&

F

=
F_
e
==
LE_."
E:

%J.
G






OPS/images/fcell-12-1416345/fcell-12-1416345-g006.gif
Anruius Shrgth Human).
Sevee 105






OPS/images/fcell-12-1416345/fcell-12-1416345-g007.gif





OPS/images/fcell-12-1416345/fcell-12-1416345-g003.gif





