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Ferroptosis in respiratory diseases
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Abstract: Ferroptosis is a novel form of regulated cell death which is dependent on iron and reactive oxygen species (ROS) and asso-
ciated with the accumulation of lipid peroxides. It is obviously different from other cell death types in terms of morphology, bio-
chemistry, genetics, etc. Also, it is related to the production of iron catalyzed lipid peroxides which is triggered by non-enzymatic or
enzymatic reactions. Ferroptosis has been proved to be involved in hematological diseases, cardio-cerebrovascular diseases, liver and
kidney diseases. This paper will review the definition, mechanism, inducers of ferroptosis, as well as the function of ferroptosis in re-
spiratory system. We expect to present a new concept for respiratory research and suggest potential targets for clinical prevention and
treatment of respiratory diseases.
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i) 551 erastin &b P (1) 40 i I oK H IR UE T ) 22 LR
fit Y. Yang % 7F Bt J5 1) SE 36 o & Bl RSL3—Ras
M3 (Ras-selective lethal, RSL) ft &4t 5] ik
TRFEM R . i — B s R W], RSL3 BT M
BET 540 i Py 35 PE 4R (reactive oxygen species, ROS)
FrEmA R, JF HRew il BB SRR Ty . 2012
4, Dixon % PV @B FOK X — K0T w4 N
BRAETS, P ) AR T4 R AE T . 2017
., Dixon %51E Cell KK LFER, TEARERILT E X
RGN 4R A G B A HERR P S BUR A6
TR,

BICTIEMME S Y. BEE RIS
AT RS, AWRAAEHEAR, BT E
BIRWUNG RS MNERIN . SRR S 46, A G
AR (FITS ). 4ERRAS BIMIK (IR0 ) SOz
AT R ( A )P

BRACT B IR A & — Fl b 2 HE B A AR -0
X, T R T R Y. Eha
Fw, PRI HREFHIRFAAAE A &R, Wik
R 7 2 A 90 (heat shock protein 90, HSP90) [f] i
HWRMERIET: P FFER, S50 RN
WS H5HA TR, B WE I R ARk B Rk
FET: 7, EMERISCHEE 9 BECNT AT LA ik i s 4h
Jio A kR AN A IR 1 e 12 R 4 (cystine/glutamate
antiporter system, System XC ) ({3 AR HEERFET:
PHRMELIE (clockophagy), BB AR Y 83 1% 0
AP B 1 ARNTL/BMALL [ 36 4 78 [ figé o 2% 2K
TEEE MY, Mok E iR, Yot 5%
FHICTBARAFAEAL X, AT PN 20 B B

3 RETHIR ENH RIFEZH

BRIETZ Ry S Y (R Lopr A SRR 5 ki ik
445, RS T BCL2 (B-cell lymphoma 2) 5%,
1 BH3 &5 #4380 125 5 82 1 BID (BH3-interacting
domain death agonist) ', BCL2 4 & 41 /4 3 (BCL2
binding component 3, BBC3) "%, ifj A /& BAX (BCL2-
associated X protein) 5 # BAK1 (BCL2-antagonist/killer
1) BE AL B R 2oL Ak 8 s 7E He rpie el A1
HE3A E ik .

BRACTR AT RIARE, IF B 71k
REAR IR Ip 1 S AR LA Y A2 R 75 R R B 1
1 (receptor-interacting serine-threonine protein kinase

1, RIPK1) A1 3 (RIPK3) AN R4 40 g S 32 2k e T

fosmg M M, BRAETC I I AR B A S B 75
i )2 B (Fenton [ 7 ) B BE A [ B, [l

(lipoxygenases, Lox) fith & £k A4 1 fig 52 ik 204 7 7=
AU Lox i i # #% 1k B ¥4 B y2 (phosphorylase
kinase, gamma 2, PHKG2) {3 i 2kt S8 Ak 22 AT A
g Wi 1 (polyunsaturated fatty acid, PUFA) %} -T2k 4t
TR, JF B I ) e ko e Y il 4
(glutathione peroxidase 4, GPX4) 1 i 4k Al AR 2F b
Z IR (selenocysteine, Sec) & A &5 1] Bj 1k PUFA &
AT B, RS R ZAET: M. PUFA A2 Jii
JIE i S8 A 1 R A, 7 AR BRI e A A
RRBET IR T A B SR TR

DRI, DL R R B T 55 mT LA 43 Rk 2 6 )
B MR P e g BRI . 2 MBS R, W DFO
(deferoxamine) F1 CPX (ciclopirox) 7] DL i 9k 2 8k
(R R T 400 1) R A T ) & A o T IR o 2 A )
iGN, 40 Vitamin E. ferrostatin-1 Al liproxstatin-1
CINDS iSO SR S Nza B~ BN =fh i UR=R R /K I K
PR R A B Ak, dEIRR AR MR R, R
I / #11#1] ACSL4 (acyl-CoA synthetase long-chain family
member 4). LPCAT3 (lysophosphatidylcholine acyl-
transferase 3) Bl Lox 25 Mg i 4k, WAl
DL AL T R AE (B 1),

EANERIET 1 LU I8 BB T, (R R
AMNYDER T TS ] S B AR T AT SR A2 — AN R H
. EE ST REE, FFE AR
% 5 PUFA [H#E, RIS 7 IRImshESEty, B
BRI IN, EAEEE R, MM AERRAN KT AR, &)
2 gn, PrE) B NG IR, AT FE T
FL P FLTA P R fie A4k 0,

JURHE W ERFE TS5 3Rl GPX4 KiE. 4
JiEg N2 Bk H K (glutathione, GSH) ¥E3f . ffd Py m] ARk
B (labile iron pool, LIP) 3 %5 7y 205 AT (B 1),
3.1 GPX45%3E

GPX4 54 T HIE T A% AL E, W) LUE 2k
i GPX4 {7 Ak ik ST, TR E
GPX4 Resf ek JET-Hitk, T mK GPX4 W2t 1
YR U, BT S5 RSL3 g5 GPX4 [ 1
fr 5 Sec HAN S &, I EH B A H| GPX4 R -
it A A EEE P 1. FINO,. MLI162. withaferin A
(WA) F1470 8 24 altretamine 945 b AE 1 U720 i F
GPX4 3% 1 A7 55 32 Sec §mi B, HHF 5 #4381k
RNA (Sec-tRNA) 2 53t 5t [l Jifs 5 i 7% Wig 3 4712 1,
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Fig. 1. Several common ferroptosis inducers and inhibitors. System XC is used for transporting Glu and cystine, which will generate
GSH. GSH is served as a cofactor for GPX4 to deplete lipid hydroperoxides which is catalyzed by ACSL4, LPCAT3 or Lox. The LIP
can catalyze free radical formation to propagate lipid hydroperoxides, and mediate the activity of ROS-producing enzymes. Accu-
mulation of lipid hydroperoxides will induce ferroptosis later. System XC', cystine/glutamate antiporter system; Glu, glutamic acid;
GSH, glutathione; GSSG, glutathione disulfide; GPX4, glutathione peroxidase 4; ACSL4, acyl-CoA synthetase long-chain family
member 4; LPCAT3, lysophosphatidylcholine acyltransferase 3; Lox, lipoxygenases; ROS, reactive oxygen species; BSO, buthionine

sulfoximine; LIP, labile iron pool; PUFA, polyunsaturated fatty acid.

AR DR B A4 1 S 00 £ B R 31 2 F 2 IR (Meva-
lonate, MVA) i i [f) B 2= 4), PRtk n] sl i vT 28
2540 ] Sec-tRNA BT i, ##| GPX4 &1, M
M FERAET: P2, FINSG JEIL 45 & MBS M el &
Iiff (squalene synthase, SQS), 1My $01 #1] g ¥ 14 P A
774 Q10 (coenzyme Q10, CoQ10) F11 Sec-tRNA,
S GPX4 [T FE / RiF R IE T P,
3.2 MHAAAGSHAER

System XCH1 15 £ MV EL 15 5 4% 12 5K % SLC3A2
FIHE AL T 56 3 56 38 Sk SLCTATL A% ™Y, & #e

F P 2 R R Bh 5 AN R R P, R R T 1A
WAL J5 D It = B, 3T 2E B GSH. GPX4 )
F GSH K3 B = 4= (1 83 i it 2464 (phospholipid
hydroperoxides, PLOOH), & /b it N i) GSH 5 £
GPX4 A0 5 ot i A A Y R (R VE F Jss - AT 5
KERBET . System XC 7] erastin. sulfasalazine.
sorafenib I glutamate 18 i B 42 BY W] 42 $) i) % 12 1K
Uiee, FEAN GSH & 2B, ik N5 it s AL
YRR, RAEBET: B2, Xt GSH & Rl B R
il 2 AAE S Ee A i oh 5 SR AE T BN, TR
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& TR 82 IV 1% (L-buthionine-sulfoximine, BSO) #1414
R - 2 Bt & R & B2 ¥ (glutamate-cysteine ligase,
GCL) 5| f2gkstr: 1,
3.3 BAILIPHE M

BRAESE T R b v R, A
KR53 BB AL Bk B (Fe™) £74E T-Bhitbrh, 4R
4 LIP, #kifiid Fenton M A#AL H B 42, #E—
BRI UL A . [FIRE, Bk S LATAERHE N Bt
FALM R EARE L ECE T, W kBo 014157
(BAY 11-7085) it i I i IfiL £1. % /0 %0 -1 (heme
oxygenase-1, HO-1) [fJ5Rik, S HO-1 i NAHffI%
LRI, &GRS, LRk ELE, 5k
FET: P, (EFRRER W k. Ak, M4 &, M
YLE . MUKk E O S M R R T LR
BRIET BB I R AT (AR 0,

4 RIEBEERESTHHRIET

BEE BRI T S AN T, AT B A,
BICT AR N — o BRI st T 3, RS AN
JRBRFFHERIE T S A 5 R4, HARKIRE
PRAE PR AT BEAA R B AE T

XIT B 9T A T GPX4 X — kAt
R R E . BERA SRR GPX4 /NRIEG
OO BY, NATTH T — R 51 2% 1 Rl /N B 1
AR ET RO RRE Y, AnBOR g B T 4n
Ji PO AT BT e gn i B A R A Y &

B JE AL R, VR RGO Ol I
Wi BB RRE R A FUR B SEFET K. 4
i SAEREY LR, M77E 20 mL MRFHEES 6 g
M2 & AR 20 mg 2k P A, VA, HmekrE e
YER R 5 KA, AR fEd, MRt
R E AR A SN/ PR 3 A A BB T B
FE/IN R A A o, i N A TR A7 R 20 4l 4 53K
2T 5% 5 I 4 B B0 20 4T 7 W A PR 8 51 R 4 e ik
FET M, fpiE )R s i i i 4k ACSLA {2 3Rk A
TR R A, AT 5] S e ot 7 SV EF 4%

BB T T 4RO AT ThAE B EEAEA, TRk
B RN R FEENES RS SE R G
B MEITTRESE. WA, AMTEIRM 8ot R
B RFEER AW I “> P, R, AR KA T
ERBE TR 78 £ EAE P ES, i, W2 REH
B . WFICEIR, /NRO RS AR S5 O LA &
ARRBETS, FFIEARE RN M. R ISR

Bl E RN WA ™ R B B T SRR AR
O 5 RE KA, T8k E R A R 1k
OO MUAE RN S 2 26 F Lo L3495 1) 70N BRUAG 4 I
2T 8 AR ) L A e AL = ) 2= S R R AR T 5
FE P MR IR AUAR S 1 4k & 4 Y7 i i #1455 /)
BAA N Z M ESE T A bR SV BRN,  FRIRBENE
Ik CBERZE A RE A RS TS, R PIET-S 5 H
rf %1 Pelizacus-Merzbacher % (Pelizacus-Merzbacher
disease, PMD) 7£ %2 75 5 £ Be T 41 ifl (induced plu-
ripotent stem cells, iPSC) 1 3& [K #r 1 36 J7 1L #2 1,
S5 SRR IR 2D IR T 5 A4 B T DA K e 3 i A T T
B, ABRE S RUR ST, X FRAET T R IR E T
WIHRFIEZS, (HREBASREHERRVE T B 7RI 4R
W R 2 DR & T K AT, ThfEH
BRAE T 4] 77 ferrostatin-1 7 44 P AIAA S1# BE I 20>
M IUAET: BV, geA, BURIRIEERE B2 T
W R B S STt R B AR

B BB E SRR BREBEA. Bl
WA S H RS G T R DL RS g
Bk BN DR AE B 7 3 AR R Tk N 5
HL K MMRIET T . = BRI AT LU /N R H
PUERAET AR SC I e R U E ™ Tk IR AR
RO R RBH S BhERstTa R
oA, [RII7E RS A 2B LTS A I Ak B K
SR EBRAR Y R IRIE S /N BRI R AR R
i, R B AT B R AN H A A st T O =X
(I R RE A i AR g i Y RIZLIE ) 5] R R i
SUVE Rt — Sl R A S =, AT RedLs N
VLA 2 AR = 2 R B 1 5 B /N b R i ot ik
Ak, HEm BT, S5 E#H6 Y. GPX4
Rig ek /N RSk s 1,

Ak, A AR RN, BRI UM S
HAh @A <. 641 CDS" T 40 B i) T3 & v
(interferon-y, IFN-y) 2= N i 4H s SLC3A2 Fi1 SLC7AI11
K PR GSH =42, (it i B e W =k
ST 20 M TR T B SO, I R T R 3R B
SLC3A2 (1A k> 5 IFN-y 1 CD8" T 41 i (1354 41
Ao S A b g e E T E- SR AR
N NF2-YAP 155 38 B sk 0T ik %

M 2012 A NATTES — ORIk AE T 01X — i AL 4
Mgty K, Bk 2 At B, 7R EE AR
FRF T A ARE R TIET:, NS G0t TT B #
M. BB O Tt B Rk TR Ak
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Table 1. Ferroptosis and respiratory diseases

Respiratory disease

In vitro

In vivo

Chronic airway disease Induce

Lung cancer Induce

Inhibit

Infection Induce

Lung injury
Induce

CSE induces ferroptosis in human bronchial
epithelial cells (HBECs) ™"

PM2.5 leads to endothelial cells ferroptosis !
FINs cause eosinophils ferroptosis-like death "’
Erastin and APAP cotreatment promote
ferroptosis and apoptosis "

Erastin decreases radio-resistance by inducing
NSCLC cell ferroptosis ™

Zinc intoxication leads to human lung cells
(A549) ferroptosis "

SLC7A11 is downregulated in XAV939-treated
NSCLC cells"™

P53RRA causes A549, SPCAL1, and H522 cells
cell cycle arrest, apoptosis, and ferroptosis ™
LINCO00336 inhibits ferroptosis in lung cancer
cell lines "

Overexpressed STYK1 suppresses SW900 cell
ferroptosis'”

LSH inhibits ferroptosis "

Cancer cells tend to ferroptosis by suppressing
NFS1™

Pseudomonas aeruginosa without AA-PE can
oxidize host AA-PE to trigger ferroptosis in

HBECs ™

Mtb-induced macrophage necrosis is associated

with ferroptosis ™"

LPS causes ferroptosis in BEAS-2B !

GPX4 regulates cell death during COPD

/

FINs alleviate the allergic airway inflammation’”

Erastin and APAP act synergistically on

xenograft of lung cancer "

/

P53RRA overexpression decreases tumor
size and weight 7
LINCO00336 overexpression increases tumor size,

. . 76
volume, and weight and vice versa

/

LSH depletion reduces the tumor volume,
weight and formation 7%

Xenografts expressing NFS1 shRNA and FINs
have synthetic effect on inhibiting tumor growth "
P. aeruginosa isolated from patients with
persistent respiratory infection can induce

HBE cells ferroptosis and have high prevalence
of pLoxA

Fer-1 can inhibit Mtb-induced tissue necrosis as

well as bacterial burden "

RILF and RILI are associated with ferroptosis"™> *!

Fer-1 alleviates LPS-induced ALI ™

CSE, cigarette smoke extract; GPX4, glutathione peroxidase 4; PM2.5, particulate matter 2.5; COPD, chronic obstructive pulmonary

disease; FINs, ferroptosis inducers; APAP, acetaminophen; NSCLC, non-small cell lung cancer; SLC7A11, solute carrier 7A11;

STYKI1, serine/threonine/tyrosine kinase 1; LSH, lymphoid-specific helicase; NFS1, iron-sulfur cluster biosynthetic enzyme; AA-PE,

arachidonic acid-phosphatidylethanolamines; Mtb, Mycobacterium tuberculosis; RILF, radiation-induced lung fibrosis; RILI, radia-

tion-induced lung injury; LPS, lipopolysaccharide; Fer-1, ferrostatin-1; ALI, acute lung injury.
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it 4L 27 bt A 00 AR B e 7 108 PMI2.S BB
AR AERIET, Hh gl E. IR AL A
W RRER PR T EEER .

AW I L, RN T A S
7fl] ——erastin, RSL3. & E¥%HE (artesunate, ART) #f
e 15 5 /0 BRI T 1 WL 4 B R N 71 JED IR T A 24
D, fEHEE 2B PERTIRE, S TH
FHNG S I REWE BB A5 77 DFO T &2 fii, HA
e B HE I A AL )3 [ 7] ferrostation-1. {7 T 41
7] Z-VAD-FMK . ¥R ZE 40141 7 necrostatin-1 T 22 fi& .
BB IR SRR, fR 5 ROS BB I R AS I 2R A,
{EE 5 ROS AN MG BT ROS of M iR 14 Kt 4 L F)
FETE R EREAEN . ik, AT N, BRI
S5 RS R R0 B S A E SR R BB T A
AT T /N I F & (ovalbumin, OVA) B i
AL, RIVERIET T T RE 5 T /) BRIV RE Ve v
WE IR T Fr A B R AR R OB T . AN RATTdE — 20 Wt 9
N, BRAETCIE R S RS IR MR A ik AE T 5
FHLFE KA 15 T 1) WG TR AR A B O T2 A7 AE 5 25 1 B
[F) 408, LER G FH e B 3k — 20 15 3 G R 4 s 20 P
FET:, FRAEAR A HE— b (R g A
5.2 PR

BRBE T AE e 7 TH R AT AR AL AP B B, R
LR LEVR YT AE/N il (non-small cell lung cancer,
NSCLC) 5 fiti i Bk A6 =77 1Hi

W FC BN, erastin 5 Z B2 £ (acetaminophen,
APAP) B F A #E T NSCLC 408 ¥J4E T . Erastin
5 APAP AR #E T A b T 5T, MUK
Ly 48 e N GSH Jsk 2> 5 g B i S A Y S 6 38
WL N RAT AR 7 2 #HK T 2 (nuclear
factor E2-related factor 2, Nrf2) Al HO-1 & i& T B#,
FE/IN RS HEL RS AR vh A R RE R B D1 UV FE R
S BT Y 1) NSCLC 4Hifitd o, erastin A~ BE 5 3
YRERAET, [FI A0 20 B A T 40 B e T e b 2
BRI T e — BERE A R T
JibgRg it () A AE T Y KBRS RNA (long non-
coding RNA, IncRNA) 4%, 41 LINC00336. LINC00973,
IncRNA P53RRA 5.2 5 T Jifidia (1) & A= 5 41 g ot
BRIET R T

[FINF, EERTAHSCHE U TR — RV )58 [n)
P IR EIE T TR S R . XSG R AR
AR AT i B ST B, NSCLC fili 21 43 5 41 g & v
GPX4 i, GPX4 m&REWa AR, ML= I5

IR Z FRIL I 1 (serine/threonine/tyrosine kinase 1,
STYK1) % GPX4 KA fig & Hpm ALz — 7,
IR LR S PE M iER (lymphoid specific helicase, LSH)
TE i Je 1) 47 A 0 Ak 471 R o 0 S 5 e S DAL AE
EGLN1/c-Myc id i #l fil I %8015 5 K 7~ -1a (hypoxia
inducible factor-la, HIF-1a) 335 LSH #)ZR1L, UG
NE A AH DCIE R S 8RR T A OCHE ] (SCD1. FADS2)
ik, FHIBREERAET U S, Bt L A CE A AT
PLIF R — R A L 259075 S Mo g 2k pe, ATT
BT I o

IE AR, JE T g o Bk i AR AR ) & R (iron-sulfur
cluster biosynthetic enzyme, NFS1) H] 75 3K B ¥k F 3%
B IR, 1 NFST 78 il i 28 75 BH PRIk 3,
72 R T BT e 20 ) o 0 NFST B0 R U084
i 175 58 e e 248 VB AT K 2 4k O R A L O A A )
B, Snguax gt T U e, 5Hs AR e
RE b AL HE R A R st T s
5.3

A B A S R 1 S AR T L T TN T, A
RIL TR LR 5 R gH B AR T I 40 A

15- g %0 & B o0 A6 A48 DU I R - B MG T & I %
(arochidonic acid-phosphatidyl ethanolamine, AA-PE)
HEAT e B M A A T R AR R T T SRR R
—— —FANE AA-PE (H AR ILIE A 1 (pLoxA)
PIAEE, Ao S ER AA-PE BOH 15- A
4k -AA-PE, SlEAMREIET:. ELEIKATH 5|
FEC (1) 457 S50 S P PR % P N R 73 B3 51 4 S R
MEE, RIS RE pLoxA, 5lIEANAE LR
H R AR AET 0 BRAKOE T T L B 3 B 1 i 5 A%
SR 386 0 AR 5% B, [ B 45 B KT B (Mycobacterium
tuberculosis, Mtb) J&Z% |1 HO-1 ik ™, T b
F, MNTE—2 K Mtb 75 5 EWE4H st T 5 GSH.
GPX4 /KVRfR, WSk, dhifh@ ey, N5
W EAR I N o<, AT DA o A A i B T
ferrostatin-1 FIT 2% fif . 7F Mtb 5 5 1) SUH: il 45 475 454
Brp R I T GPXA (IR Ik 5 I8 B Ak A 1 b
IS F ferrostatin-1 A8 R PG AN B 48 52t 5 P o i ™
5.4 HABIER ARG 5RR

JRUSRT T 25 v A ] 3B o 2 R A TS 15 1) it 41 4
1k, (radiation-induced lung fibrosis, RILF) 5 U5 &
[] 2 % il 451 1% (radiation-induced lung injury, RILI).
ZHARAE T & RILF 5 RILI & A4 i G 8 . GPX4 K
P LE RILF /)y B3R 28 20 B S8 TR O, 426 20 o 4100 i) 57
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liproxstatin-1 7] DLl i #07% Nrf2 #2482 ~ I TGF-p1
SRV % RILF ™2, /N 20t RILT AR 2 o 0 5% 5|
GPX4 7KV TR, HBE T4 pifh 2EIET TR
A, BRAETAMER [F A B A G A )N BRI 2H 200
AR, B, 78 6 £ B (lipopolysaccharide, LPS) i 5
M) =it 445 (acute lung injury, ALI) 1, LPS Ab#
RER N A b2 9 — % (malondialdehyde, MDA),
4- ¥ FHE T (4-hydroxynonenal, 4-HNE). & 27KF,
R YRR R 3 ] ferrostatin-1 BEAT RUZEAR/IN B ALL™,

6 BESRE

H 2012 4 Dixon &5 H LWL T-ME & DAk, 2k
SETCHIAH OGS 55 350 RSB &I, &
SRAHSHUIFE R AW 5235 2 vk, e 9] I TEINA,
BRIET: AN R AR ROS /KFHIM . AWAS
HYSETE R Y, HEE W FORET R, R
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