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[Abstract]

by host response disorder, organ dysfunction and high mortality. In early stage, it is mainly inflammatory reaction,

Sepsis is a disease caused by pathogenic microorganisms such as bacteria, which is characterized
howeverin late stage, it is mainly immunosuppression. It is a little pale to explain the poorprognosis caused by sepsis
only by severe infection and immunosuppression. From the perspective of the absolute mortality of sepsis over the world,
the battle against sepsis has not won a comprehensive victory. It has been 10 years since "ferroptosis" was formally
proposed by Dixionet al. in 2012. The research areahas never decreased from the initial tumor related diseases to
nervous system diseases and cardiovascular system diseases, and has made some progress. At present, in the context of
sepsis, it is found that ferroptosis plays an increasingly important role in organ dysfunction, and also has an important
impact on the treatment and prognosis of the disease. This article summarizes the related pathways and interventions of
several major ferroptosis at present, in order to have a more comprehensive understanding of the pathogenesis of sepsis,
seek new treatment targets, optimize diagnosis and treatment strategies, and improve survival rate, quality of life and
clinical prognosis.
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2020 4, Rudd 45" A (WMD) 1 % R R4S R, e
FEAE AR ISR AL R IR 2N 1990 4E 1Y 1074.7/10 1 F IR
2017 4F 677.5/10 J7, 2017 4E3 20 T 37.0%. X Fp AR T
Vﬂﬁfmﬂﬂ?ﬁn?ﬁﬁ%ﬂﬁ TR N EEREAT SR 2
Hﬂﬂﬁku@%éﬁzgﬁ DAL T DL e AR SRR (1

REAFAEE A TRATE A R, PAT- RS E T
H'#Jééiiﬁmﬂ FAAH RIS, 03 3 g 40 e ) 4k aot 2k 2%
BRAET, kI SRR AN B A T, AT il e A 4, S5 0T
Gl 2 Rl Se i 28 R G Pm Bl LA RGP BT . 1d 257
FRBEAE 9297 T, 227 W T KB TR 15 bR A E A IR
PRS2 A0 T RE 55, oA G R B ik oG 3R T UM R R 1 T
Jeio AT 10 4F  BFEE BN IAMEE B0 T B0 TR e 4 HE A Y
TG AEAE 520, T EL Tsvetkov 252 R AR FET-—BE 1] LLSE

W 2 LA O S FET . X T R BB T2 AT S Ml e A 1) R
SCHEIRLRE T ey A7 280 Tl BEL L HC & A, AT i 40
FET LA, 33X 5 IR AR DG PR R SE TR RIS J7 1] W4 A
So BUATRIRIEFEHRIR | o /K- (4 L BR45 KRR A0 2 SE
A 5 DR A B ok B T SRR K LA B, FE 5
SERT , 2 P i B R RS IR T A R R A AR

T 22 4% 1410 B9 Bk % 2 L 1 IR A 25 B v s 237 A ok 22 3%
4R (reactive oxygen species, ROS ), AR A e ag i, &
F AT S EIREA RS I TILT TR A | 2L
RN A Bl o R I 1 R BRA B M A,
Rt A ZE L 2l Ak LD AH L A XTSI, (140 1 B 1) S R 40
& FMERIEE & A, BH R R X g A o BxT ek
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L1 BRI AER] B AR N5 IR TR,
Wi 5 A A ARSI ZH 2R B OIRE . ko 2 T & Bkl
M5 T, X 62 5 DNA & . — 85 2 B 1 (adenosine
triphosphate,, ATP) Foi: | IfL2L B A U 2 Bt A= 315 50
AR TE, HLR AR 04 15 ek FRAR (X 20 M A7 05 | A K R
BRELE, HI, GERTCEEEA 1, 1T R RGN A
TP 5 MR, it A A 0, g5 Rl B D e R |
OB | P28 R GBI PR | S RERE AL L) K
REERERR SHIET A A T LI R .

1.2 BRARIR. iz Kfitifr - W bRk X HLIR kAR
BEEFEE, PR EY MEkEF (Fe™) 3 4b
YIEE YA =MkE 7 (Fe') R, N B
1212 11 (hemoglobin, Hb) BEHLAYERLL Fe®* R, kA £
B TE T A8 M s W B WAL Fe®™ HAT
AL Fe' 5 A RE S M3 T BRI 1 45 A IEAT iR A2
BB FIISE 24 Fe' 05 FA 13 H4RE
FA] DU ARER R 1, Wt UL Bk FB A 33%. BKE
BEAEAE TOEBE I BAEAL , FEEAE AR O B F RN
MEE.

2 MREEPRETHEENFREFR

2.1 BRFET-RY R AL

211 RBU FAE IS SYRIET TR - AR A A
1 S 4 R 2 AN AR TR , 1 252 31 4R A B R
b, UALAE J5LRE T3 A A I DU 2 b R AU A 03, 33— ik P
PN Bt AL BRBET A S e 2 4 A S RE A A
BFHT Fe®" AR I S R 1 . Y RAE . SIS 3
5| PN SR R B & A R A TR] B A0 i P R A R B AR
e 8 Bk 5 S S TR A B 4 i BB & A 25 B vz 7 A= ROS
SERICT L — 7T, AN R A T B kAT e R
YAV T 38 UA1 DR T e ) e R SR 1 7 AL X
RS AT IR A AE , 51 A B T, Fe 2 D L 2 38 B D e e
L BAET . I3 — 5T, BRI B 5 1R BT R R =
FET A EZ R R A0S ERAE R TURAIOC s TEIRARAE
SR T TR 09 LT R R I 7 2 A R R R Y, 2
TE A S . BRAERF ST 3, MR ERAE IR (R SE
LN f B DI REREAT I K AR 30 5 A B IR Il 7 KT Bk
EAWEEA LT BT IS S B A S A £
R, DR HATL R e R 200 ) DR 0 T S A 2R L M 32450 1Y
FEAVE . BAEMEEAE h TR SRR FA BRI A A 1 0C
S| ), 1B A AN BT T A AR ) R A R T
BHERI

212 BEBEHRATHOCHNEZ — BB A, 5t
TVl it A 2 1 AT Bk R AR AT BRI T
AN PR B M i 1E - O IR FE #3218 1 (transferrin
receptor 1, TFR1 ) SRR BRI, SRk ik, I R sE
RS AR 5 @ BREE FEL A MR AR Ad A A
MR KRR Fe™ 384t IR A K 5 B ikl —

BB s A 1 (divalent metal transporter 1, DMT1) A
B Fe™* AMAL, (40 A kA7 T A Al kst ok
FURI 10— LB RE S A, BRIE T 5 A PR i 2 TR R A
SR AR p53. 8k ARST I Z A RIS 737 ALmIZK
SRR AT AR W] AR R 2R e o | A R AET i R
BEREOLT  RETICER AR A A7 O R B K Py i A 7T B i 5
BRACTIH BRI —Fh F-Be. AR AR B AR ST
PAEI AT A BRAE T DR, 7E28 32 ) e v i s S e o ]
HRL B R T SRS I T I 4 SR R BB

2.2 BRIETRURR AL T S NGRS TV A0 L s 1B 25
RIS ST e Al TR A W W O Y,
FHARBET P00 ) Erastin A0 23 (19 41 i 2230 HS L A5 H 7 (1)
O | S R RN A R BR b , O HLBCA LS A i SR AE
CEAR ML J5 e i B 228 ) A B O 1 (2R 8 ke A 3L 4K )
SR AN g OF SOOI ) MIE AR PR 252 iE  fH
LSRR A A L S R B i A ARG I L 4TsE
TOIE ORI T AR T SRFEHN B W1 AH DA S P 1 350 8
TEWEEERIET S A, MRS A B b AU R 2RI i i — 3
L A T A SO A R i B U A RS B AL,
BRICTHH B, G A 5 A B AZAR I 52 PR T LU 5o
BPIRAS , B VA SR AR AL B T Be . Rk, 78
WRFEREARAS T X R SE T AT T HOR MR A 8 B BA
RGP BRI LB BRIET 2L Fe’ HA0E 2041
FRIF AT HERES ROS MZREE, LIS 2 i B i 2 1k 5 2
LRI 40 S SRR R () — Fh AR SE T
SR BRTEAAIN HSL AT SURAFE Y, 38 2, 40 R
BRI TR L™ ROS SRR FEAN TR, 1 IR ATLAAS (14 1l 775 4%
SEPR BRI Y L BRAR R RLRER S & TR
HTE AEAE o5 LIRS T BRAE AL ROS P AR 1 i ml S 3
T EAERUG . Z 4 B UIRE R AT, L, GRS
o AL AR 00 A R 3 T R AE OV L5

3 SR TERREAE TP HYIR BE R AE S HI I 5

31 PAErompk

301 JPRETRRT L 2 S (adenosine monophosphate-activated
protein kinase, AMPK ) EFL B AR = 4R F 1 (mammalian
target of rapamycin, mTOR) /p70 1A 5 4 S6 4 (p70
ribosomal protein S6 kinase, p70$6k) F5E . BT Mk
Az S TR ARSI TR, BRAS A T 0 i e B AR 2 AR R
BRAR S BRI AR L ORI A 1 2 5 AT A ] 9
BRI B (erythropoietin, EPO) A= A IRE-IRP &
g8 (YA O0) Fe st m . WA T R T UA Rk
5 AR R AR (acute myeloid leukemia, AML) 414
BRI, WAL B, U7 8 2R 175 40 W J 2ol 1
AMPK/mTOR/p70S6K T H (1% 7 14 552 B 11 , 22 3 3% 3 14 14 Jn
SRR 1 R BRAR , DI RE INR FE ANRRE 4K, Fe™ 1Y
A B2 R ROS LR e Bk s T 0,
312 HAET- AN 1(ferroptosis suppressor protein 1,FSP1 )/
Mg Q10 (coenzyme Q10, CoQ10) / I & 78 18 fi: Bz AR N2 W
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TR R (reduced nicotinamide adenine dinucleotide
phosphate, NADPH ) {55 # - FSP1 4 265 P22 80 o] 5 48 e
H K E ALY 4 (glutathione peroxidase 4, GPX4 ) #1151 5
FUUREAE L TRV 2R E S il R BRFET . FSP1-CoQ10-
NADPH 3 A2AR ] DL 52 Wi 8 Bk 2 11 KA D e D i e ik
(glutathione, GSH), {H 5§54 Lt , H 2457 HIFAT IR,
AJ LA GPX4 , GSH — il Bl it A AL e ghatr 7,
3.1.3 P E M (frataxin, FXN) / B 5K T E2 MHEH T 2
(nuclear factor-E2-related factor 2, Nrf2 ) / A 85 H (iron sulfur
protein, Fe-S) {553 % : FXN J&— 7 7E T LR AR i it 5
FERSFER AR, B2 Fe-SRMAY A A & Mk
FXN J LA 20 i v, T B K AR AR 1 0 1 A0 I X R AL T2 Ry
HEPE S Nef2 58 it S A B 1 S A O T
AL AR P TR T AR . R FXN AT {4
JfLH Nef2 F 3, 33X A] AR S B M X R T R Y o) — A
KR, i FXN, RN 2RI T 32 B, I TiTE e 2k oe T
75350 Erastin 75 2 493ET-MIHE

3.1.4 GSH-GPX4 {5 5 1l % : GPX4 i i GSH 3if Frid S Ak
TR R 200 L S DA T s SR R AT T[] Ik 8 T U 1A 1
T AL T L 45 R AR s T — A N R R B, 2 i
2535 P- P ( permeability glycoprotein, P—gp) W GSH
EHanie, FEZ T 258 A 1 (multiple drug resistance 1,
MDR1) /P-gp &35 B 22 F i} 245 241 St %ot 2k A0 1~ v ARk, R4k
FE TR RG89 AL 20 250k 223 m i 2k GPX4
ST A 1, 3 IS Py T 0] PR S MO B B i 74
P, 1) 40 M B S s 2R A T IR SE T, IR AL GSH 2L
IEBMNPUAMRLG BT 0] GPX4 FRAE TR il KK 1
PER) ROSTE R, GSH AR nlREIS i 2l A AW Ao g Tz
T Bt A A P

3.1.5 ST =LA KR 1(GTP cyclohy drolase 1, GCH1)/
DY & A 4 ik s (letrahydropterin , BH4)/ — & M iz if 5 il
(dihydmfnlate reductase, DHFR) {Z 51 i . M\ 20 At fig &0t
73#7, GCHI/BHA/DHFR A 53 %2147 F GPX4. 1975 —4~
PUAALRGE SR HCHURAE T Y G 8 BELWT 28 2 mT LAY
b CoQ) fA45 1L, DT F) 55 2 M T S AL e T L 3 S5 A i) GPX4
B A R T

3.1.6 p62/ Kelch #: ECH # 3¢ # 11 -1 (Kelch-like ECH-
associated protein 1, Keapl)/Nrf2 Sl . PrEE m g
p62/Keap1/Nrf2 EERACT KAz 1 OGS 07 JRFA538 B, 310 Nof2
23k RERSALE GSH AT FE , T AN A k3E T
3.1.7 SRR 4( activating transcription factor 4, ATF4 )-
R T4 A H R IR 1 (CCAAT/EBP homologous protein,
CHOP)- Bt H R4 F 1 v - & B4 FE B 1 (glutathione-
specific vy -glutamylcyclotrans-ferase 1, CHAC1) {5 53 %
SESN2 XPERIE T P4 VE I & B ATF4-CHOP-CHACI
A, B AR GSHOMIBIERFET . 3] SESN2 A]
it 33 I ATF4-CHOP-CHAC 1755 58 I 410 il Ik 20 4 S IR
4l (dendritic cell, DC) FIERIET, 37T BE & BT AL E

SESN2 1 1 # il i 22 H# (lipopolysaccharide,, LPS) 75 5 12k
FETSR4ERF DC ALY e shiie

3.2 BRFETCAY ]

321 TECHURGIR R : RNA JUF 4307 i, B g 25 6t
1L 2T 2 Jin & B -1 (heme oxygenase-1, HO-1) ¢ I I 2 £k 3C
T MO U B EZEHL] . HO-1 B 2T 2 5146 0 WL AN
ORI RS, T S BRI B AR B 7 A . BT
B, BRES ST VR RN 25 W BT R AE TR T L 2 e
BRIV o BRIMER -1 FIERES 5 50 i AR R R D >
T B s 25 BRE R A5 F AO e . BIETE R, I kA
T PSP S A0 ) P TR A DR A T
HAERSN S, IR T2 53 0] Erastin 5057 NHE ERER
(isoproterenol , 1SO) AbFEAY HO2 WILAN M & vl DL BRARAE T
FER A B AE T, 173K A3 7 AT A B AR R ) o ELT , e ] 55
AR ZRAE O S0 R O LA A 25 2% b B b 45 L T A
JHAR LI ERE TR SE I . B AR AL O KRR
FETAE Erastin FIC N A R4 = 1 IS ), X R WUk
FETAT AE S B H Z 00 LA I R A T v e AL . B AR
FoE A A E R 2 B BT AR, E
BRI G B o 24 M B A SR A S I DRVA YT O I A R
HLBRAY 6T, XL AL T & A5 IR AT >

322 TERAEFE S PR ¢ Erastin 18 52 91 41 A% 5% 5 A
F kB (nuclear factor-kB, NF-«B ) i FA il e w5 58
SEHED 35 o Erastin & —MBE T35 S50, AR S AR T
I ER / =R e i AR R GE (Xe- ZR50), il ad 12 40 i
HEAD It a8 W R A P A 2 R B R N IR I R e
T sl i G dE LR GSH T i 14, Erastin 23 53
AN GSH AEHF GPX4 45 , (R KR Fe® K2 A2 5
TR A i it 8 A il A ARBE T e A IR A e
F TG IA S BRACHT, 8 o £5 I, [l SORE A7 Y Bk, DA 20 L P
B o R AN RORAR ) A2 B PR R o TP B 3R Ao
T RAHTE M REAE rh AR T AT, MR REIE & A I, /N B
JHF R IR 2R e 35 1) rv b 3 B0/ INBUES B 00 PR TRl 2 Y
T 5 e AV U0 B3 K 7K S P P PR R 0 3% 5k /) UM B ) Jie
HAE PR R R S R R R S Ak
FKOV- 3 TR TR S TR S8 R MEEAE 1) T £ v i
FIEERE 28 AR PR K R AN R W T BRTE R EEAE T 1
LR, T ELR A T R REAE 1 E) B8 2R ek i3 n B R
PR T E TR

3.23 RIS T AR - A7 56 FE K e i i R AE T
VR LA e M , I HG R I P B A1 (vascular endothelial
cell, VECs) OB MBI ZE 4% . 200 0 A ol 5 190 0 2 Rl od 25 it
SN 5 aak AL SR AR T, S B0 R R 22 AN A R s R 114
Jig e A, IR RS T B AR AL . ZALH] 2B Nif2
IR SRR R A R g AR G, A SR AT E
o W Nef2/ 4 0 6- B 1R - AU (glucose-6-phosphate
dehydrogenase, G6PD) {553 [ 7 i A W5 19 0 655 il
GSH, 4 MW ERAE T, ) I 00 1) 2 14 73 244 4 ) 4 Ak 4t



* 1106 -

PR ER AR 2022 4F 10 H

2 34 #5510 ] Chin Crit Care Med, October 2022, Vol.34, No.10

P, NI VECs FIBRFET . A3 SEHEIKE sl 1 B it 46
AL AN 8 (malondialdehyde, MDA ) 1974, g3 T 4obifk
T2 AR T A B, I T sl
324 fEZEMZPGTHHINH] %Tgﬁﬂ'ﬁ?’iﬂ@‘iﬁﬁﬂfjﬁ%
SR JLAP AN, a0 2, 2- BEILRE | LRSS | Fedk
JHE VLR , $4 ] CEAR S 0 2 AN BT PR A 5 R ALk
FA7 DIBL SHURH 25 A R A, nT IR AR R 5 |
T A R /N BRSSO s D P A R
4 HKIETHIREY

BRIET 1 FEERFIE R A LR B S BRI o e
ROMERR, Z B A RIE TR (polyunsaturated fatty acid, PUFA )
E’Jfﬂ?m@ilfﬁtﬂﬁﬁu,ﬂﬂﬁ\] PUFA 195 08 THAET-Y
RIEREY . WEERES R b BT Rk
WA T 2((‘y0100xygenaee 2, COX-2). MDA Fifig ﬁ% ROS 4
BRICTAr M, ﬁib%JﬁTLJ\ﬁEQX*MZISLLfWZM » . R
FESEIN B IH R AR Ak *ﬂ‘%ﬁmﬁ%ﬁﬂ? =1 FLe»
JE #4725 DXZ T gafi' %é G 7 Uk W AT LA A
T2, IR T 5 ROS Ak UG . tAh, e
s 9] 2 38 3 4 1 2 (voltage-dependent anlon-selective
channel protein 2, VDAC-2), # 4K 5@ & 1 B 1 (heat shock
protein B 1, HSP B 1), Nrf2, NADPH &1L . p53 1l HO-1 f
FRA AT T IET I E R
5 N £

TEX R gk, FeATT RS, T i L fENR 85 75 50 T 8%
TR K R AR e az | R P R A4 AR 5C UL A, 8
T BRI IRERAE B 1S, RS S T HATE Sk HE S
RO R R 0 AR G 38 X SRS N A BT LA
MR SR AR TR TR A AT I R A AR T AL
PR M AR e (AT LA b A LR 5 BRAE T AR o
SAACYHERUERA G FR AT AR HLAR R SR AR E , L
JERR A A OCHE B T RO YA AU AR ORI . BRTE
JHRBEAE T G R VR A E I ORI A AT 1 DG HE S | R0 I SR
R AEAET IR R S TEMRERAE - 2 4% B DIRER iR 45 S Ak
(multiple organ dysfunction syndrome, MODS) vEETh R A
FEAEH] ARETELLE TR A BT T GRIR R L 24 |
PR RS UE RO BRIE T HE A5, R R BERE 16T T 41
B SRM
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