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Abstract: Ferroptosis is a new type of iron-dependent programmed cell death, which is different from apoptosis, necrosis and
pyrodeath. Its main characteristics are iron accumulation and lipid peroxidation. Studies have shown that ferroptosis plays an
important role in kidney related diseases such as acute kidney injury and renal cancer, whereas its exact mechanism has not been
fully revealed. With the development of the research on the mechanism of iron death, ferroptosis shows a good application pros-
pect in the treatment of renal diseases. In this paper, the mechanism of ferroptosis and the research progress in renal related dis-
eases are reviewed, in order to provide new ideas and research directions for the treatment of renal related diseases.
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Tab.1 Comparison of five types of cell death
Cell death Morphological characteristics Immune char-
" Definition Biochemical characteristics .
orms Cell membrane Cytoplasm Cell nucleus acteristics

Ferroptosis Non-apoptotic cell death Breakage and  Increased mito-  Normal The increase of iron-depen- ~ Promote in-
characterized by iron-de-  bubble chondrial mem- dent lipid peroxides and the ~ flammation
pendent lipid peroxidation brane density increase of intracellular reac-

tive oxygen species

Apoptosis  Autonomous and orderly  Integrity No significant Nuclear DNA fragmentation decreases Inhibit inflam-
death of genetically con- change shrinkage the mitochondrial membrane  mation
trolled cells to maintain chromatin potential
internal stability condensation

Autophagy Under the regulation of re-  Integrity Lysosomal vacu- Normal LC3 changed from LC3-Ito  Promote in-
lated genes, the process by oles are double LC3-II flammation
which lysosomes degrade membranes
cell’s own damaged organ-
elles and macromolecular
substances

Necropto- A mode of cell death that ~ Membrane rup- Swelling of Partial con-  Enrichment of kinase and de-  Promote in-

sis begins with a necrotic phe- ture organelles densation of  crease of ATP level flammation
notype in the form of apop- chromatin
tosis

Pyroptosis  Pyrooptin-mediated pro- Loss of mem-  Loss of DNA con- Formation of inflammasomes Promote in-
grammed cell necrosis brane integrity  organelles densation and activation of caspase-1 and flammation
dependent on inflammatory fragmentation release of a large number of

caspase activation

pro-inflammatory factors

1 HREATHEATRERERSR

£ 2003 45 (1 — 3 58 1, Dolma %5 5 & HL T
Erastin Il RAS £ £EPEESE & H 3 (RAS-selective le-
thality protein 3, RSL3 ) Xf RAS 5828 4 fifg HA7 e 481
FHEAEM . 2007 4F, Yagoda 25 4! % P 1 Erastin fif
R AIMIBET R S AR T IRBEA WA A
RIET IR, HIE SRR 2 b AR e B vk
725 . 2008 4F, Chen 28 PRI TiZPET
0PN 75 PE 4R (reactive oxygen species, ROS ) 7K3F-FF
A 5%, IR B AR T 3 0 o A0 B R R ¢
1k 20124F, Dixon % E A A 44 T %A I FE T
WX ——8F0T . BT T 2= LA A AR
ST SRS T IR AR RS L,
BRAET F BB 20 R RSB SRR L 9 | SR AR I 45
N BARARXUZ R BEYE I . AEAEARRHIE T T, Bk
FET- FHRB N ROS B 2RAE | IRt S ) 5 B Y
B L2 UL S A N AR i R

2 ERIETRIFE KL
B BT TR, AN B B 1 AU L

e 8 /45 Z IR I 18] 5% 32 4% (cystine/glutamate anti-
porter, system xc-) Ay | A B A AL B 2
2 H KT E ALY 4 (glutathione peroxidase 4,
GPX4) WG PE N B RFET - 2L (K 1) .
21 HRHERE

BRAE R E—F 2 5 2004 B0 3 R AR
IR, MFAEAFUERINLLE N S 581
iy A BN I L2 R BRI T
M FEEREZ — [HR2, HEBRAESAE TR AR i
Hh A ELARAIL ] 1 A B e B R B eI I ST IR
HH, SRS T J R T A3 Ao el 240 i PN Ak -
IR ERIET - LA, AN Nk
(3 Z AT R R Rt T R T R T REUE
PAET RS R REZEA . Alvarez 5 Hy B
TR, et A ¥4 i (iron-sulfur cluster bio-
synthetic enzyme, NFS1) ] L 18 i 10 il 2 Jf PN 42K
R T MU AR TR A o R AR R A
BRACTE WL IS, TR B AR N, BRE o PUs
i, S 20 L PN B R KT TR, M N A AR T
P BECE Z 008k, NI A A 8RFET . 1 NFS1
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Fig. 1 Main mechanism of ferroptosis

AT LM 2R th W OE 2 e R, R E R B
N, SE Ak R AR, SRS Kk
Az . Fang % V1 Chang 55 O A RFF 5 rh BIURER 2, 1fi
2T Z N4 1 (heme oxygenase 1, HMOX1 ) AJif i3
PRI IM LT 2R A B B -, DTS R RS T 1Y &
Ao ZR BT, BARERE RSB T AR AL
PIANTE A 2 (AR R RLAE I T R A F
(A EEAE U T BB
2.2 GPX4

GPX4 J& LI ME— B % ELHEWSE PRI it S Ak
Yrim, T LA e KR i B R R A AR Tt
FALYR S I FE Y BT, AT T W BT i A Ak
N %A, SR gk st T Y B2 AL
k1 GPX4 TE g it S Ak vh & A SR AL IR, K AR o
b S AP i Sk B BT, DT 00 B o 2ok AR Ak 7Y
KA1, Yang % BERH T GPX4 SRARFE T 1
P P, I HLAT LATE /)N BRUMRE RS AR Hh s 41 )
GPX4 1% SHAET-. Gaschler & YHF5¢ & BH, T
W S AR 1, 2 n] DL i [R142% 25 05 GPX4 14 4
X ERFE T B . R e T DL, GPX4 2R IET
Ay R T B E L
23 BBRIEEWK

B AT R T A A i R PR SR S VE

AJ LI AR AR %) 258 i, Rl e e g S v A
Az o BN, AT LLE A BG 0 AR AR DO R R i A
(arachidonate lipoxygenase, ALOX) )i Pk 5 | #2k

TET- . ALOX JE—2AE I 21 38 1 7 Bk, nT LUk
Z A FIENT2 (polyunsaturated fatty acids, PUFAs )
YA AE N T 4- BRI TR IS P, e
PEANMBRFET - K A, Imai 85 W AERFF ST P T2
1L R PUFAs & S A0 PR B A5 S8R A0 T, R
T A PR A A LR B it AR A KT A 2 S ECHERE
T AU IR BER#AR . Yan 25 1OV L B, A0 T N iR )
P R it - 2R TR T AL T il R A £
K B5 i 5 1R IE T4 R 84 2 [ NAD (P) H
() HL AR 25 A G A A, IR AR &
AT ISR, B TG BRI R R, dEL T
B Ak, BT AR A B IR, DT & AR R
T2, fa7n T RRIET AR et B v B A 9 ML . Doll
27 PR BE WG I A 5 15 4 (long-chain acyl-
CoA synthetase 4, ACSL4 ) J& GPX4 R iG i & A kA
TR T . 7 GPX4 G IE LT, ACSL4 4]
SRAT LU B il 2804k, DA A2 2 20 R ER AR T 1Y
Ao B, BRI E AR IR SR IE T () R 2R
2.4 system xc-
system xc- & — P 21 ifd % 11 AN B - SRR 1Y
AR - AR s R, 12 RS IR iz
HHBE AR Z )% 7 5 11 (solute carrier family 7
member 11, SLCTAT1) 3 ek 4 5% 122 ) S 25
AT AR G0 3 BB 2 (solute carrier family
3 member 2, SLC3A2) #HA%, RISt @R A2
FRLA 11 0y LU e A N Ah se 4 . Db 2R 7E 20 A
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B S5 R D R 2 5 B T, A B T IKAE
A8 IV T JOR A S Ak A Tl 4 FH S 30 i 3% P AR RN T
‘Ao Erastin i3l i 1] system xc- /1 5 4 JhE 2 R 15
A 3 4 A i 50 E AL Bl AR, AT AIE 12E ROS 1Y B2 AR,
PEME I RIET A & 4 ', Chang % "0 i 58 &
L, SLCTALT HYBE I AE UL W W Ak BR AL T A A 2k
FE 55— 5E Y, Liu 25 S 00 & B ] SLCTALL (1)
IR BB ol 41 L X ER AU T BN B . Bl ST Y
WA, TF5E N B I SR 7 319 beclind 27
BT S e A S 28 F R B 12 A5 TR [l e v a4 o)
system xc- fi i#f ROS (1Y) 2, #EmifE 2R T 1Y A&
Ao HIEAT DL, system xe- FERRAE T & AR AR Pt
FEAEH.
2.5 p53

P53 —FhEE MM, A a4
JoL S5 e R0 200 00 A BELA 9 A K AR Y e AR
HEAEH . BARp53 0y— Ll S O P, 5 Bl
P33 FH AP A HLR IR AN 58 4 28 1S Jiang %122
BESE B, p53 AlaE A SLCTALL By RIK K
O] e S P BB, A O T A e R ik
AR AR IR T . Chu %5 2 IBF 5% & PR, Wi
A VUG TR 12 J BRAE T 1Y A 9k AR S vk BEL B
MRl DIGIEW , p53 il it il SLCTALL [ 450 1
ALOX12 ¥y XBE, M58 ROS WS A6AE UM R
12 s R BT . A S 3R, p53 BB il 2k
BT & A, i FH nutlind 1% 55 BF A= 580 p5 3 35 Pk AT
DA 272 PR | B R AR PRLRE S T System xc-
JREURIET 2, Xie 82 (RFSE KB, p53 AT
I BV — ORI R T -4 7 3% M 10 1) Erastin 1755 1 i
TR M A R A TR . 2R BT, pS3HERRIET
rRE AR, AL E 2, AR AT
2.6 EHABALH

F, ARSI P 5 13l B (voltage-dependent an-
ion channels, VDACs ) J2&:Av T2 i 4 A 8 —Fhim
TE AR, TE R A H: ) 41 A 2 38 15 2o F rh i
BRI, Yagoda %5 & i, Erastin A] i1 H %5
VDAC2/3 55 UL SRS M e 75 1, DT e
I NADH H%E ML, JEms ANk IET .

BRAET- I 5E F1 1 (ferroptosis suppressor pro-
teinl, FSP1) 7ERRTE AU ST h gl oA S HoA (2 4
JAT-MVEH . Doll 4758 & 3, FSP1 ki fk
Je Al ik NAD (P) Hoak [ Q 10 411 il i ot id 480

e, IITHMRIERIET (K A o b pisk-akt-mtor |
p62-Keap1-NRF2 "7 (553 % L 7E SR AL T2 K A i 72
R B SRR VR

ZE Ll BRAET WA SCBIF ST i Ak T 00 25 B
B, BRAET 9 BARBLE] 1 R 58 22 TE2E , 5 2eit 5]
PUE T TIRIFTHACT- 00 BARBL, g 2] 5 298
PERRAET R A RT3 5K, U] Tl R o

3 IR B AR B R R

SEHTHIAIE TR I, BRAE T FE 2 AP rh i B 22
YEFI™ . TRIRE, 76 B EAR DGR TPt A BRIET- I &
Az o ARSCUPERBET - AEAS [R] B MR 1 i v 4 T Y
BRI TR T S Gh , I SO TR YT RN T B A AL
HEER.

3.1 B

' 20 g TR PR R, R R DL R
P B R A 85% ~ 90% , MR AR BRI R 43k
75 W R L e € 20 s | B L SKOTR At R L REAE
AL BRI s PRI TR R S, B
2 L9 %) A A T I e g, 73 1 0 DR A= B
ARG RS A, HR AR LT
JHL3E 1Y = BT 0TV N TARIGYT DL ROy .
SR RAE B 20 MR YRy ik RIS T — o i
A, AU AAREL AR, A VR AR R BT
PRI A KBRS 40 M T Al g2
B A0 R VT OB 1] o Yang 28 VS ZERF ST ARSI
T 117 FPEE 0% Erastin 1755 A9 230 T RO RIS
TR AR R B AN i bk T8 R a2 BH A1 i (clear
cell renal cell cancer, ccRCC) %} GPX4 &7 H4RFE T
FrBIBURR . Zou 55 BYIFSY K, GPX4 HI il 77 X} 3%
HA 40 8 A 5 P A, GPX4 B/ R R T K A
MCEER R . M THE— 2098 R B, B s A ik
IR BB TR (hypoxia-inducible factor, HIF )
i AR § I F 20038 2 hilpda & B AN AN
Jig 15 g 32t i ¥ 5 ccRCC HYERAET - BUER M, A il /R AR
i (von hippel-lindau, VHL ) 2£[H & ccRCC H =211
R o Miess %2R B, SMEE 2 ek 40
VHL SEPRREf% v/ 4 L N IS B 8 Ae 4, DTl 2k
FET W A o ERFSEIESE T VHL j& 845 ccRCC &
ST URME I BB, JERH T VHL 5 3 2R AE T
JEIRYT ccRCC M ZEH . Mou 55 il i A= WA
BEETFBOR I, ccRCC A% SZ ARAH IS 2 1 4 (nu-



5543

PMETRAE : BRIET AL B HAE B REAR OB P BT T F 293

clear receptor coactivator 4, NCOA4 ) B IAREA(K, IF
55 ccRCC BEH AN R UG AC, 1 NCOA4 58k iz
IR G, LUK S U8 20 R T R B T 1)
PEREAR . PRI, 4 0 W) NCOA4 fE HEERFE T 1 RE
JEIRYT ccRCC A BT, . SRTMNHZ A AN GHE i
WG B HTIE, AT 2T 4, FEE—2 W
IIEIEHA M. 5 H 38R (artesunate, ART) 72
—FORIE T 257 8 1Ak o, 7R 2 R R h
AP VE T, Markowitsch 45 2 (5% & 3K,
ART A] 38 33 1755 24 B s A Ak o T, i 2 i)
TR . X R W] ART A A AR —Fh A 2L
18 T 245 55 00 s FR B IR T B 25, LA
2 it e s 245 P ) A8

AL VT 1 LR o ' i — PP RE A R R K AL
fiff ( fumarate hydratase, FH ) /& 22 28258 5 ) 1 e o,
PR . H AR, Z2Rh 8k, HZ 1
HISH RN IR RS, i AE R A 24 S H T B
SRAE LRI 55 7 TS T — g, (HHIEYT
FBALLFARGIT 0T, BiRracfizs, Hits
ARG IT T BOS SE g N AE AR E
Michael % P8 B BIFGE 2 B0, 38 A5 1 - W LIRS 5 9
YR T FH R 253, b i) GPX4 235 i, o
7T T P B AR, [ B 400 L A A2 TR E2 AH G R 2
(nuclear factor E2 related factor, NRF2) y& 434111, M
MRERERIET I A A . PR B Y, AR IS
AT AR R AT R T AR NRF2 3 PRl 57, ol
WF & BT X6 B8 AR A 1K) GPX4 i 5] , 4 {15t %
PRV VR B e A B A RSB T, 5 R Al Bk
BT, IR PR B A AR . X AT RBJEHG
VR BB ]
32 BHE

B Y€ A 3 AL 2 4 9 (autosomal dom-
inant polycystic kidney disease, ADPKD ) S i UL 1)
WAGPE T e . 205 B % B0 3R BRI A8 2 U o
PR M, H AP REE IR AWK, &
BIEFE R EIEAHL, F850% DL L ERE LN
KRR . HErZ RS 0367 FBOHER
J7, AR REIE S 1 F J , IR L, R EEE X 2215
FARALHIR YT FBOIU N EE , Schreiber 5140 &
M bR oA, A I I 1) e 2T 4
Ak FE L, S5 7 (cystic fibrosis transmembrane con-
ductance regulator, CFTR) F15 I 45 [ 16A (transmem-

brane protein 16A, TMEM16A ) {2 g Fi 42 Ak, M
P 2240 b 48 K, T GP X4 5 35 1 48 T oA ) T el
2L I DR, AR -1 (R RE 0 3 A
GRENPY K RIREUESE T2 R R R
HERSET R ]
33 RMSHRG

2 PEB 45 (acute kidney injury, AKI) J&—7Ff
Al 2 R0 R S 2 L2 S The s 4o 2R
SN . A BORAEIR T T U T R, (B
HR AL K HC T AR =, A Ty fih
7 AKTBYRFRCZN ), DR LA L, #3145
TR A, X AKTRTRY TN B2, Zuk 5514 & 4k
FET-7E AKLS B 2 #EVEH . Friedmann %542/ &
I GPX4 F 3k B Fa /N U JE I 2398 T 20 S i
A, B /N B P A B B AT A4 /N RO A A7 400,
MG SRR ST I, GPX4 Fir £ 448 T2 7] RELE /)N
A 0 A A R R T BRI, 15-
A4 (15-lipoxygenase, 15-LO ) &L Z AN FIiE G
Ik 2.5 % (phosphatidylerhanolamine, PE) 7 SZHZRAE
T2, 1B 15-LO i H LA 25 2 AU FNR TR R i)
Wenzel 55 4 % IR 1 4 100 o1 390 i NS 10k < e g 245
4 # F (phosphatidylerhanolamine binding proteinl,
PEBP1) 5 15-LO W% (15-LO-1 fl 15-LO-2)
B G, IFE EATRRY L™ A S A Ak
Yy -PE, e JE B A A BRFET- . itk n] UL, PEBP1/
15-LO & & WVE N ERFE T 1 2205 X A 2%
PRI A A DRI SER, 2T R I6YT AKT 25 R e
Mo ZRVINF Y BRT Dl s PR st T i kA
SEA AKI 19 % 4= . Martin-Sanchez 28 " iU HF 5% &
B, BRAET 2 B 3- 2L -4- O I R
MR Z Tk (ferrostain-1, FER1 ) B fi 2 fr 21 AKI
KA, 03RRI T LT AR AKT R A B rp A
Bk, WFERM], IRZEER (pachymic acid, PA) T HE
B RS NRF2, B R U6 T A G B
GPX4 . SLC7A11 FlIfiL 2T Z in % (hemeoxygenasel,
HO-1) BYR3A, MHIERFE T KAz, DT S i 79
VE AT /N B B B R R (R R
PRHILTR 8 ARARD, R 23— 2P i S A R
Zhang % IS KB, SR E AT T FH GPX4 2
BRI O SR L, R T SRR
A DL S R BB TIA YT AKL, Hu 28t 3
W1, 442 D 2 AR AT LG 18 GPX4 Fik7KF-M
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HIRIET 1 &R, DTSR AR5 51 AKIL

S I PR R A R S B AKT Y BRI 22—,
B b TR A FC ML S AKT R T 95 FING Y7 3 B
ZAfg. BFFTRMA, PRFETTE B T 45
FKHEVER . B EAR B3R T~ (augmenter of liver
regeneration, ALR) &—Fl) 1z /i 2 Uhae A K
K, TEALHE B IEAE N ) B T L sh D L 2L R A
Feik, M T e 02 U 40 M 2 pE AN R
Huang 257 % B, 75 Bl 1l PV 13 B 40347 /)N LR 7R
i, ALR A] L3 37 GSH-GPX4 5 8k 30T 1Y & A=,
2] ALR 1T BB 2 B 1A S 1l P08 v BT B0 AKT Y EE
TN, Ding % V5T KB, /N RNA (miRNA,
microRNA ) 7] 2 5EFET-A0IEEE . 76 R P v
BRI T, miR182-5p miR-373-3p 361K W] i3
HEs ) It 5 mRNA GPX4 FISLC7AI1 13 UTR
ZEA T GPX4 R SLC7ALL B33k, WAL HEEkFE
oA R . XM T WLt A5 R P s A ZE Ak AE T
TREH . XIB-5-131 &8 — Btk il HAa 4k
AL AN [ R EEBRAOEAE] . Zhao % PV HFSY
WESE, XIB-5-131 o] 8 i 410 il B Jot ik S0P e S 10
HIRRAE T, DA TR Mgt 0L P-4 T 483 43 0 1 v 4
1o ZHFSEARIEH XTB-5-131 76 15 B ke 1l 2 33 PR
GRS AKTH T T . R, DA EkstT - H
Fr] R8N AKT S HERT 0 s K697 FBr . HLL E
WFFEA R Z A e T2 ST Wh 5 A sh P, Aok
A TSN L LB A R R 56, DT IFSE
S50 TR

4 REHR=E

BRACT & —Ffnl 3l o Z R s 1, DLk s
TAEACRY . B BT A R R B R P AR TR 2
HET G TERAE T 5 B RS M i 5 2 248 TR e
LA M AKT |, W ICOE T8 ISR (chronic kidney
disease, CKD) MyHF5Y . K focukil, SRt 7E1g
PERG CANTEECo | BT R P i R AE ) P AR
PERERIET-TE CKD R A ) 2Rl . 7ER
WS AL R P R AT 7 1, H AT A B i
/NRNA A JEFERAET (0 & A 2, (0 Al 4% RNA
FERE R VER M CTSE . LAk, BRTEEL T KiE
I T RT T RAE T IS S S I, SR X L
I RIEA R R AT 8 2 45 . FATIAH,
PR ORAFSE AT LA FF AR LA : 1) XHR3E

T2 A AL B — 20 B, S R R ERAET
S BPA IR 2) AREERITRAL TR B 5
HEAHSCH Y AR , B FEERIE TR MR MR )
YEHT; 3) REFMR LB i/ T BRI TR 4)
A FUAT T I TR BRAE T 1) /N1 2500, 5 HLEH]
TR

REEIR B IR T BRIE T K AR ML -5 A T
FHRIIR BT FEHERE , B EAR SCBAR IR T | 12
Wi LA B ARSI P I 1 I S A A
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