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Research progress of ferroptosis in abdominal aortic aneurysm

NIU Shuai, WU Xuejun
( Department of Vascular Surgery, Shandong Provincial Hospital Affiliated to Shandong First Medical University,
Jinan 250021, Shandong, China)

Abstract: Abdominal aortic aneurysm is a common critical emergency in vascular surgery with a high incidence and a
high risk of rupture in the elderly population. However, there is still a lack of effective therapeutic drugs or targets for
abdominal aortic aneurysm. Ferroptosis is a newly discovered regulated cell death mode in recent years, characterized by
its dependence on the accumulation of iron ions and lipid peroxides. Ferroptosis is widely involved in the development of
cardiovascular, neoplastic, neurological and other diseases. This article summarizes the main mechanism of ferroptosis
and its role in abdominal aortic aneurysm by reviewing the progress of research related to ferroptosis and abdominal
aortic aneurysm in the past five years. Ferroptosis may be involved in the progression of abdominal aortic aneurysm by

affecting the senescence, death and phenotype transition of vascular smooth muscle cells, suggesting that ferroptosis

may be a new target for the prevention and treatment of abdominal aortic aneurysm.
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ERIET™ (ferroptosis ) s A [A] F I8 1= ) — Fp 4001 T2k
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FET- )2 B 5 MR w2 0 I A 2 R
ARSC R EERIE T I EEHLH] S HAE AAA HIAE
A AAA BT FG T S AR a9 i nl
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fig i 2 ( polyunsaturated fatty acids, PUFAs) K
JIE ( phospholipid, PL) #% %8 1k & i # N5 ik 2 Ak W
(PUFA-PL-OOH) , B SR Z5 4, T 25 24 1 L A 3%
A ZARARARTRGR /I | L (A Ui 3/ 5838 2% | 2k
PRI IR A A 2 B R 41 A P 2k 3, R
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Figure 1 Diagram of ferroptosis mechanisms

1.1 SLC7A11-GSH-GPX4 &%

SLC7A11-GSH-GPX4 22k JE. 1T~ fe - & BH i)
PR R EEAIHLE . Xe-TFs A2 4n MRt b e s
R/ A AR Z M, B2 IR R IR R IR 7 1L
11( solute carrier family 7 member 11, SLC7AI11) i
SLC3A2 PIEERN ZBL, #4255 SLCTALL YiE T 5%
BRI E , EAE SLC3A2 MR MEH . R
FRiE A Xc-i iz A 1 A 20 M PN 9 3 Dl i 2
R | Jo e A A DE HIK ( glutathione, GSH) Ft H 3
JKY, GPX4 ¥ GSH %Ak 0 S AL B A5 b H Bk (] st
A 20 B 7 M 0 IR o o 48 Ak (L-OO0H ) it )i T
BEMYBE(L-OH) ,

M SLC7A11-GSH-GPX4 & 12 23 {#i L-OOH

MR E T 51 A Bk BE T, R P W VT (erastin) &
SLCTA11 Ry ), & i 4 ) SLCTALL B35
DAY GSH A9 ', PS3 SR AT LU s
il SLCTALL AR RV Ipt 2 BR W e iz, a3k T 52 i
GPX4 BT 1, S B4 ML A L-OOH 1) HE BRI £k S8
T2, GPX4 2 — Fh il 2 1, b 78 6 AT LA
GPX4 fyZeik , g stk st e ikt

1.2 FSP1-CoQ10-NAD(P)H &%

2019 4F Doll [# A" Fl Bersuker [ A" [f] i
RILAN LN FELE S — PR AT 1 2 K o
A REFE T M 2 (1 1 (ferroptosis suppressor pro-
tein 1, FSP1) , SR 34 & F7F ( Nature) . 7 It Z 7l
AT FSPL 5 4 i 0 1A ¢, PR SURRZ b 14
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115 5 A 2 (apoptosis-inducing factor mitochon-
dria-associated 2, AIFM2) ., FSP1 | NAD (P)H
P4 Q( coenzyme Q, CoQ) ik J5i N CoQH2, J5#&
JE— AR R A T 1L 7 (radical-trapping
antioxidant, RTA) , 7] DL i B3 40 Bt 58 - %) s I ot 4
W SRS

1.3 GCHI1-BH4-DHFR &%

GCHI1-BH4-DHFR 2 41 Jfd 4 75 — 2% AN 4K 6t
GPX4 WfF ik 4, Horh 0 & A= ) W % ( tetrahydro-
biopterin, BH4) /E A4 AR I i —Ff RTA, 1l LB
BEE BRI #4528 () PUFA-PL-OOH, %3 41 BH4 %
5 CoQH2 14 Ji 6] 4% 15 Bk PUFA-PL-OOH, 5
— IR IR /K fi# i ( GTP cyclohydrolase-1, GCH1 ) J&
BH4 Ak i A FRGH A , i %15 GCHI Bk 58 BH4 1] LA
AT, BHA 44k A 25 SS9 a el — &
H: WS ( dihydrobiopterin, BH2) , — & MR i J i
(dihydrofolate reductase, DHFR) 1] DI¥f BH2 if JR
& BH4 JEYRAH , ] DHFR [R5 38 ek et 1y
B )

1.4 fERREEH%RIET

4 N B 1Y PUFA QA DU IR AN L iR R
TEMESE B A & B < 55 2 IR 4 (acyl-CoA
synthetase long-chain family member 4, ACSL4) fi¥)
1AL T JE i PUFA-CoA , %5 Ifil. B 4 N 1k 32 4% %% il 3
(lysophosphatidylcholine acyltransferase 3, LPCAT3)
¥ PUFA-CoA & #% 2 21 i K 5 W Jig 45 & T2 I
PUFA-PL, #HHif I (% PUFA-PL i F & A XU Y
I+ 25 5 8 E AL TE i PUFA-PL-OOH, PUFA-PL
() B LA B0 S AR B R N G 4%k 4e . BREA
fif (lipoxygenases, LOXs) f& —Ff % JE Ifl £1 K 2k 19
il , vT LA B4R 4 O - PUFA-PL A4k, oA #F
FUHR 40 i 2 R P450 & Ak i JR i ( cytochrome
P450 oxidoreductase, POR ) 1 NADPH 4 1k i
(NADPH oxidases, NOXs) 1125 T PUFA %1k,
AP Tt A1 5 7 U MRS Tk B A 1 PR
7 (A AR T s A S AR i s
ACSL4 LPCAT3 LOXs 5 POR, AJ L) Jdi/b 4 fifd fi& I
B AR BOFE B, AT AR R R AE T
1.5 #S%AHEHRET

Teie el e S Niid S {E i e S0, PUFA-PL 1
FALI BT 1 A TR, R R BB T 1 A% 0
Tk E - 1 fg B AR B, AR R )
BeEs 1L Fe™ B 2 5 %% 4 8 (1 (transferrin, TF)
S5, 3O A I BB AR A A2 R 1 (ransferrin
receptor 1, TFR1) [N AVEH#E AR, 76N 17

b Pe™ 4 J 140 S T 57 AR 7S U B R 1 3 (six-
transmembrane epithelial antigen of the prostate 3,
STEAP3) iR J5 kg Fe™ | Fe™ iff 5 Bl ¢ il 3 40 i I 1
TE BCUF 25 k3t (1abile iron pool, LIP) ¥, 554k £5 1 4%
A LIP 2 S5 iEe T, 2 2 i st fil s
BEZH BB 8, Herh B B A AL
PIFERT, AT LLKE Fe™ %4k R Fe™* I 5 45 6 | ik G iffe
B Fe® 77 A A i, RS2 ARSHIOE 25 1 4 (nuclear
receptor coactivator 4, NCOA4) 1] 5| F &k 8 1 H W,
BRI B AR AR IR Fe™ il it gk 15 B
1 1(ferroportin 1, FPN1) iz i 4 g, DTS2 20 24
AN IR . TRIL s 4R N RS 5% A |
et AR B I S MU BRIE T I U
1.6 ZAESHIET

2 RE A2 A P IS PE 4 (reactive oxygen
species, ROS) A (i EELANA A , BEfE EAR BTad 4
FEIHIE R A TR ROS ¥R Mitoquinone
ARG GPX4 5 IRAEIET | Hak, ok ik
FRAR KR ATP, BE I (B AnpE LR ) nT RIS iR
FR 18 15 25 1 I Bl ( AMP-activated protein kinase,
AMPK) , #ETi #4] PUFA & BAIERZET2, 5
Hh BRI A LA Y ol =R IRIG IR L ST
25 = RRAIE I A AR R ¥ 5 BRPE TR G,
A 2 e e e i, WF 5% 2 IR A B I 53 F T )
il 1% 12 ( a-ketoglutarate, «KG ) FJ LUfESEERIET
il oKG BEEHEE A2 fl st 2>,
1.7 HIETHFEFISHHF

ERFET- 19175 7 ( ferroptosis inducers, FINs) A]
LAAT A puet™) B — 5 i £ FIHE £ SLCTALL 3l
1L AW SLCTATL B3 1 fek 240 P ~F It 2 ke b, A
M9 /> GSH W4 1, U erastin M H AT A9, 400 A Ak
menE, R h AR e, 5 =2 B4R FHBLH 2 B 4%
GPX4,101 1S,3R-RSL3, RSL3 1] L 5 GPX4 L 45
G0 GPX4 HUTETE, 25 =SS HIAILHI 2 Al 424
il GPX4 5> CoQ, 4N FIN56,, 45 P4 2 i £E FH Bl
T A2 T 24 L PR U 25 4k e O s AR - ) AR AR AR
M, 40 FINO2,, #P I RIE T ML B 25 ) = 24045 .
il i BAC T A OC B 4> 7 I ACSL4 Al
LPCAT3 ; i 24 i A Bk 2 1 i, gk s 7 28 5 71
(deferoxamine, DFO) ; V& BR MMM I A9 5 i A Ak
Yy, ndE % a] il T -1 ( ferrostatins, Fer-1) , F| 3% 5] 1th
T -1(liproxstatins, Lip-1) fl1ZEE % E,

2 BRETSREEBNIKIE
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KFE R, AR R AR RIS PR v AAA BE
EERL RO e ST E= R VIR ) 3 = T e 1
YU REERRAET AR Y R 22 1 S
BT-25 7T AAA BRELA BIHLEH
2.1 #IETE VSMC

Bk iE)Z VSMC 80 J2 3 Bk T8 iRy 32 42
AU AT, Sun 5T & B 3% 8 7 Wt L 40
GPX4 n] LU VSMC &, iEZ2 1L A &4k , i )
JokIE I B, AL bt ik GPX4 AT DI i S Ak
W TR 158 5 ) 50 SZ Ky ( peroxisome proliferators-
activated receptor vy, PPARYy) A% Jii 2 [f] ()12 5l , BHLAS
NCOA4 5B H Y45 &, F 07 400 i 2k 25 1 e
T3 kg B A A& W), 0 Marfan 2% & 1iF |, Loeys-
Dietz £ {IE A1 Ehlers-Danlos ZES1iF , S T WF 7818 &
ISR A DG IR D R 4 A7 51 255
K 1 2 ( selenocysteine insertion sequence binding
protein 2, SECISBP2) %L [F 5875 i S5 GPX4 ki,
SR A& T VSMC £t jsl /b fgE v IR3E | 32 30 ik
AW

BT VSMC %t i/, VSMC R 1k 2 5
JOKIREIE WL 53— M5 R I B kA 2Lrh VSMIC 3k
IR Ry — AT 5 1k e 4 R AL 1724 VSMC 32 31l
TS 2 T — ol v 10 L v 3 % A 1R 2 B 1 - b 2R Y
St H LT Eh kAL B kR N IR AR S, G T
AMIFET S W] 2 5 VSMC 3 A5 4 i) A PR R
BeFesy , A I gE S 5 H A b
21300 26 ISR FK) VSMC 4 il P9 A 75— ik 98 7
B, 5 VSMC £ 5%, il id i 33k GPX4 4l
HilEk S8 T, Wl AR BF VSMC (i) Y 45 26 T 5 e
Zhang %Y W AEAILL A Sh R R b 2 B, AR B TR
557 RSL3 RERS AL 1E VSMC [ 4310 35 U5 46 | AH
BRFCT- M5 Fer-1 7] LU VSMC [a] Wi 45 32 74 4%
e X UEHIIET- 5 VSMC R EISYIMHE, B 4k
FETZA] L R AAE PR 5~ FE T, 2 i By mT A i 2 44
MIERFET , Wi Z [RIAFAEIE R0t 4 e T AT LAY
VA IKEAE 3 d AR
22 HRRTENENEAM

1L P9 2 4 il ( vascular endothelial cell, VEC)
RS20 AT B — A A YR B BRI 3 —
IR Z N IARE R F DL BSR4 B2 o e, 3 S 1 02
I AAA FERIGFER 2, Bai 57 R B4 (LAY
K % B i 25 1 ( oxidized low-density lipoprotein,
ox-LDL) A] LA VEC KA #K3E T, Fer-1 Fl DFO
] LLZEf# ox-LDL % VEC FIZA/ER , &4 m
B A DR 200 1) 288 AT BT R0 i A 448 i 6 B R

BRI, IR N fe B — AL R B IR R IA | G N
e, Li %50 38 4 H A 40 i o U5 fY9 miR-199a-
3p BEMEAE 37 SLCTALL Fl GPX4 () ik, Mk =30
UK PN e 200 B i Jo ot A A 4 5 , DR AR R F- TNF-au
FIIL-6 WOBEHL, BT SLC7TA11/GPX4 4%, 41 i
WK B Tt L&A S VEC ZRA0T-, i B AT 20
1 p38/NCOA4 frF R H A W, 512 VEC i 2
xiin, in 40 i AL B 4, 53k VEC ZRIET
FE R BB bk i A A5 780 ) TRR1 63k & i T 1E &
BRSS9 B2 20 i TRR1 2k B mT 2% fife 4
JIEL P st 28RN S AR R 38, s I A B e AT LA
SETTEIMAE N A ol 8 T — VR (H B AT R
2 Jry FRTE S Kok AL AL AT A HLAE AAA H AR
AREfE—05E
23 HRTEREEDNRENEEES

V2 sh W S 56 UE AR FE TR S5 1 175 5 AR AN
FIRTLASE ) AAA B EJE, 7E/NEL AAA BiAd
Fer-1 1] DLZE i3 Bk R A0 Rk 5k, A
. ,RSL3 A LAk — i Esh ky ok g | 1
INEE S KRR AR | Lip-1 AT U] 3 sh bKF- 1
JULZH BfL 3 2 | 9 2% = 3y ik o 98 A 4k ; RSL3 7RG
B AR L5 VSMC FET-H 2 38005 40 i 2k 58
T-1F%5, 51 VSMC % 2 HH G H R B T, 1 n
W8 E B KP K% Schoenmakers 2528 % PR A
PR B B 5E 5 0 E Sk 0 & 5K, R 2 GPX4 1)
REAZ IR, W X P B ) 0 52 8 T H,0, Y erastin 143
E— N S bk Ik R, SR 1 DFO Al L] 3
SIFKE P 5K, 31X I il S 56 3% B kA6 T 1T RE 2
AAA TS TETRYT H AL RAE T 1 L 1) o0 4 550 AT —
E I IR AL

3 N 2

BT ML &SRS O A 10 R4AE B AL A BF
FAWTRA SO Z O FIEM T2 5 T2
I B R JE U0 AR i 3B AT R | L
5 HAE AAA HFER R — D2 BRI Tr 1, BAR
H A 23042 KL T- 5 VSMC Y FEE SET:
FIRBIEHARSC , S5 T VEC B0, (B4R Bk
A H BRI SCRRERAE T-7E AAA T SC R VEAE
33 5 22 25 B 22 1) ) 49 S5 98 A ik P = T AR
WA BRIE T R LUEZE AAA RYERE SRk
Yo, H AT IR SCRARIET A BN AAA BTG HY
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