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Ferroptosis of airway epithelial cells in asthma: current and future
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Abstract: Ferroptosis is a novel cell death mode proposed in recent years, which is characterized by
intracellular iron-dependent lipid peroxidation. Its mechanisms include lipid peroxidation, iron accumulation and
the imbalance of antioxidant system. The crosstalk between ferroptosis and asthma is gradually deepening.
Elucidating the specific mechanism of ferroptosis in regulating asthma is helpful to broaden the understanding of
the pathology of asthma. This paper expounds the role of ferroptosis in airway epithelial cells in the occurrence and
development of asthma from three perspectives: lipid peroxidation, iron accumulation and the imbalance of

antioxidant system, hoping to find new targets and strategies for asthma treatment.
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Ak A K AT (transforming growth factor, TGF). IfiL i
N JZ Z-1 (serum endothelin-1, ET-1) %5 X -F KRR, 1/
I IE R BB R A . AN, SZ A0S E b R A i
L 4L 4= & R F B (transforming growth factor beta,
TGF- p). IfiL & W B 4= & Al ¥ (vascular endothelial
growth factor, VEGF). 1/ % -18 (interleukin-1p, 1L-1p)
G, FECRIE LR AR RN R, OB bR A4
A 2B I A RSP LA 3 A, e SRS E
B R A . DR B R AN B R 4 A5 T BT
LR EE, % 7 AIE S R E (airway hyper
reactivity, AHR) [ AV, AT 56 1< 1 % 40 i
T4 55 B Wt o AL 9, 9 AN e 56 4 i R ey 55
J B ERATL o BRI 2 (W AU R B, ARUTE b B 4
Bk BT T 7E W iy v i 49 28 O 3 1 4 O
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31 BEBRESHESHHEETCSRMmXLR
311 ESABAEMWMIERNPTLEEEER K
B R BRI TR R, A B R R, T
UM A BRI T . AT A AN ERE BB U 1K) 2 AN
FIHE i BR (polyunsaturated fatty acid, PUFA) Il i %5 5
B . R AL 1 PURA 3 2 A 45 18 A DY 0 R
(arachidonic acid, AA) Vi R 1 —+ Bk NI IR » 4
Ji 4 ) PUFA R 48, H1 3 (oxygen-derived free radicals,
OFR) &1t — e, &k — RINE A S5 A% T R
i AL (liquid phase oxidation, LPO). [ % LPO /K
T, LA S AR P IR AR SR A SO, BRI A

S B P T A B 2 [ B A T A Y B 45 KA 1
AN 3 e R A A ) A B O ) e . LA R AR
PR S BT, A8 A 1) PUFA I 4 AL e B2 R 2 3 5%, LPO
KT S, SEERSE TR AE . RIS, LPO Refe it 48 hE
B BRI, 51 R BT — 56 1 2 MR 7EX AN I 7%
) 48 & 8% (lipoxidase, ALOX) i #5 S5 8 1E Hl, MY
fii PUFA 55 OFR 4 & 4 i LPO, iE 2 5 MUK I 4
JOE, A5 iy 1) 9% 0 BRI T — AN B

ALOX TEHE i S Ak I A2 Fh Py i A L
ANEALOX KR HA 6 M IhRETE Y (ALOX5.ALOX12,
ALOX12B. ALOX15. ALOX15B f1l ALOXE3), H
15-fig %A Al 1 (15-lipoxygenase-1, 15L.01) +2 fig Jifi it %4
A3 12 ) S B g 2 —, AR A AR A DY I IR I, 4R
o NG| A N A o e S e O R e 9
VU I 18 , 1% 7= 4 2k 22 43 0 JiR R 15- 33 2 — -k VU 0 R
(15-hydroxyeicosatetraenoic acid, 15-HETE). 1/ % -
13 (interleukin-13, 1L-13) sz B fij & AE B 7% 44 1) Th2
R S AR 2 A R R . A FRER A, 1L-13
RE (2 ik N B (T B R 40 f 15101 (305, Rl
15L.01 32 15-HETE % Bk 1 It i, JF H 15LO1 Al
15-HETE ff) & & 55 B2 i ™ B P2 52 I AH OGP, bl
% 1 5AC (mucin 5 subtype AC, MUCSAC) /&< I ¢
I M 53 WA R 1 = EE A, 15L01 K e 3 AR
15-HETE-PE 358 T IL-13 155 ) MUCBAC I ; Tfii
] 15L01 (3%, MUCSAC 173 i 35 BR AP,

TEIL-13 B R R, T8 bR A i s Rk
15L01 5 1 s Mt < I Ji& 45 A 55 11 1 (phosphatidyletha-
nolamine binding protein-1, PEBP1) 4% & &, 100 i i
i A, AR R RIS O R AR TS S B ) 152 kit
S ke PO A FR [15-hydroperoxy (Hp)-arachidonoyl-
phosphatidylethanolamine, 15-HpETE-PE]™*!, 15L01-
PEBP1 1 [ Wi 85 1 ol & #H OC #2455 3 (microtubule-asso-
ciate protein 1 light chain 3, LC3) &4 #H H.AEH: 15L01
5 PEBP145 & A, A 15-HPETE-PE /2 # LC3 i) fig
&, H 15L01 5 PEBP1 {38 1 45 & i b 1 PEBPL XY
LC3MRAL I Am iR, Bosgkst T 5 gl 5a o
FLR B, E W AT DA R0 T 1 R AR RS, i i i 4
S8 bR 4 i b 15001 5 PEBPL A, T LR 5 8k
FET2 5 B W (8] ()47, DT 400 1) 20 6 A 437 45 5 B30
£k ki /& DNA (mitochondrial DNA, mtDNA) B, &% %
] 8 R S5 I 2 it B Wi PV e oh, NO 3l 3ot 4 il A< 0
Rz 40 A 15LOA 5 PEBPL 1) 45 £ SH 3% 48 4 i % 2E
Fi o ok A A, S A b R A R R AR R BB TR H
A UL, 15LOL (4R S 4 400 1) 771 1) R 2 08 E 1R BE i R T
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3.1.2 ACSL4FILPCAT3ZEREMGFAIER B4l
Wit A A R I A S A B 4 (acyl-CoA synthetase long-
chain family member 4, ACSL4) F1 ¥z IfiL 57 ik I % Pk fig
3 (lysophosphatidyltransferase 3, LPCAT3) 43 7l 7 i Ji
G RAME TR R AR . AA 4 S A (coenzyme A,
CoA) 1t ACSL4 E F '~ A B & Ik 2 18t 4l 1§ A (aceto-
acetyl coenzyme A, AA-CoA), B J& 7 LPCAT3 [ i/
T T AA-CoA B A& i Jy 46 25 1Y I 12 Wl I 1t 2. B Jie
(arachidonic acid-phosphatidylethanolamines, AA-PE).
AA-PE T {E MR, 75 15LOX W1 R & A IR il 4
o, AR o B . i U A B K R R e
g % T B A0 TR R RPN Mk, i BR ACSL4 I
LPCAT3 £ K], 2 P AR AR T S AL AR S e 42 1) A2 B o
R AN J2 3 AR B s 5o 4804 P 1 B K AT F 4,
AN 8 58 1 40 i % 2k JE T2 B HR BT J) . £E ACSLA Al
LPCAT3 3 [X] i B F 4 o, in N AA G i o ik S A )
AL B PIT T B A, RS R AN BN R BT T A U, 2
HERRFE T 1) R £, ACSLA I LPCATS 14 I i filh 41
gl ik, g0 1 e B AL R — 6 107 R
()5 R, X 618 I (1) JI D 7E 15L0L AR H R AR i K &
) LPO, fx 2% 3 BUM A 2V B AL T2 B U 18 I, (i ik

“r MUCSAC
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TN SRR SORE S B I R AR, TINER T R (FPREAR, F
I EECRE Mg 14 AR AU (T 1)
32 REFEFSSELRMAMEKIETHIIER

BRAE LR PRI IR A RIS 1 32 B A A Al e A 5
e FHELZ P AR RIEEEAEH . AR N
FEAFMFSHMIES. Ml Fe* 55 ED
(transferrin, Tf) 45 &, 85k 40 65 1 % 8k 25 1 2 44
(transferrin receptor, TFR) #i2 Jt N4l ffl . Fe*£tit—
FHE WL LA TR 1 Fe?, 5 i bl A5 i A
Fase gt W99, AR Pt P it Fe A D 7
W BRI @ st NI 3 AR Al —— 2k
FLAR R B 1l 47 T M5 i)k & (1 (Ferritin, Fn) 14
@) 4%k %35 1A 1 (ferroportin-1, FPN-1) 3z 1% H 40 i .
FIRARAT — AN IR 52 B 50, 2 5 B P R R ) 2
o Y Pk B, I Fe® e 4 7R S5 WU B R
A I ) o BRI AR . AR ) T o o
FWMTERNIRR, A SFEMB R ERIET. FR,
TE b Ik P o A B R R A 2 AR B P ) B R A
B ARG IR, 3 — DR R T T 1 R AR

BENG R FH R AE LM, RS EAZARL
(transferrin receptor 1, TFR1) %% 2k 8 (4 52 44 2 (trans-
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Figure 1 The crosstalk between lipid peroxidation-induced ferroptosis and asthma. 1) ACSL4 and LPCAT3 mediate lipid synthesis and
remodeling. AA and CoA act as substrates to form AA-CoA in the presence of ACSL4. AA-CoA is subsequently modified to AA-PE in
response to LPCAT3. @ Lipoxygenase plays an important role in the inflammatory response of asthma: under the induction of IL-13,
lipoxygenase 15L01 oxidizes AA-PE to 15-HETE. (3 15-HETE binds to PEBP1 and generates LPO, which mediates lipid peroxidation of
membrane phospholipids. The binding of PEBP1 to 15-HETE can be inhibited by NO. When asthma occurs, the structure of airway
epithelial cells is damaged, leading to the differentiation of airway epithelial cells to goblet cells and increased secretion of MUC5AC. In
brief, lipid peroxidation induced by these pathways promotes the ferroptosis of airway epithelial cells, thereby aggravating the incidence of
asthma. 15-HETE: 15-Hydroxyeicosatetraenoic acid; 15L01: 15-Lipoxygenase-1; AA: Arachidonic acid; AA-CoA: Acetoacetyl coenzyme
A; AA-PE: Arachidonic acid-phosphatidylethanolamines; ACSL4: Acyl-CoA synthetase long-chain family member 4; CoA: Coenzyme A;
IL-13: Interleukin-13; LPCAT3: Lysophosphatidyltransferase 3; LPO: Liquid phase oxidation; NO: Nitric oxide; MUC5AC: Mucin 5
subtype AC; PEBP1: Phosphatidylethanolamine binding protein-1
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ferrin receptor 2, TFR2) [ & ik /K~ F+ &1, Bk & 1 4
TFR1 A1 TFR2 H1 LI 0 85 % ia 1t < b Rz 4 g, 5
KBS FAEAE bR A M P R AR R, AR b R A
BRAC T USRS I, BEmG AR NS, Ak, BRE R
TN A5 40 B N R A S IR B I S R AR T B R A
HIE b AR AT, AR 2 4, B R
T A AR, AT 5 T /<1 B R R AT v S L,
FWOR STE b Bz A ) BT 20 PR 23 A, i 3k I 43
W 55— 7 1HI, OB bR 20 M A Pk R, e ik
IL-13 (1 43, AT 75 5 AT i oo S M AN T B B 1) R
Ao EHIRE ] R IR Rl A B g 5 A I s A S
T 5 A A R R 1 KRG 3 0. T AL, PRk s B
P53 1A bR MR T, INEE T RN AH SORER, 75
T A R B i) R I 1) AR

Bk [ E 4 1 (ferritin heavy polypeptide 1, FTH1)
SRR ARG 2 —, HAT AL E 1, ROk 4
P Fe” Ak Fe™ . LI Fe® DL Fe* IR 5 8k R
(145G 7 TRE AR ™. giilg iy i FTHL Rk K
PR B, SEUEAE TR B R Fe B R RE, P
B Rt S G N, B AR T SRR B R AR,
/2 -6 (interleukin-6, 1L-6) .4 iiF S 78 B I B v iy
#i1K, 4£ BEAS-2B i fitd o I A B B2 FE 1 1L-6, 41 i
FR3 77 2% B 1L-6 W FE I T i 1 5 48 1L-6 40 2 19 2
Mt FTHLRIA F %, S BB E A7 Fe* MRE I T
Bée, 200 6 PN i 5 Fe® SR AR, i AR B 25 s I 1 A A o
] BEAS-2B 41 il i Ik #h 78 770 =, 40 M 16038 70 K B
1M 45 ¥ Bk JE T 40141 75 ferrostatin-1 (Fer-1), JU fff FTH1

@ Ao _@

(2R K P T, 40 i P Bk B A7 Fe® Re 3 5, iF
B Fe? KPR B, 40 B P IR T S A KT BRI, 5 8l
i S Bk 6 T 1 AR B AR ET, mT L, SRE R IL-6
plIBURT; 27N = M i1 I NE T S8 7 A e M w4411 )
RAEGIET: (K2).
3.3 Xc-# GSH-GPX4 i & 1k & G # 8] <18 b FZ 4
sk T

B A BRIt 2 82 2 iz 1A (glutamate/cystine transpoter,
Xc-) 4 BB K I 48 tL P9 4 (glutathione peroxidase
4, GPX4) B R GAEBRIE T R AEAE T, Xe- i
SELEZ IS b, F¥ AR SR 7 B 11 (solute carrier
family 7 member 11, SLC7ALL) A i 244 5 it 3 ik A
2 (solute carrier family 3 member 2, SLC3A2) 4H /i, I
B 2f R g HE NGB . W Xe-H5 s 3 N 41 B 1)
Pt SR T 220 — R A I e A 2T A B H I (gluta-
thione, GSH). GSH 1 GPX4 /& i 1L & %t i) 5 2 i,
G, WK LPO & JR O i Joa B, AT 470 skl e 0k I i A= i
J i AL

IR TR 1 r 401 A R b L 4 e e AR R
g3 WAk AR Y B AN A O SE A B, RS TR RER T
Wos T AL LB TP R SR e L A A
Az R, AR SR I A A A I T DR O B 0 R T RERCS . it
A & Gral i A S P A R R AR R B2 B AR AR
WA B SUTE bR A R B OR A B e il 4 2
GSH. GPX4 [f] /K - Fl SLCTALL ) 3% 14 & 3% B4, 41
JiL A A S PR AR R AT, 3 B0 2 AN TR R T D
MK &I Ak, R&E S TR T R ARSI, 1

| |

Normal airways Asthmatic airways

® IL-6 ‘ﬂ Phospholipid peroxidation ¥ Normal mitochondrion ©  Normal epithelial cell ® Fev
-
I TFR wi Phospholipid & D i = Damaged epithelial cell

Figure 2 Accumulation of irons in airway epithelial cells aggravates the symptoms of asthma. (D Inflammatory factor IL-6 can destroy the
iron homeostasis of airway epithelial cells, induce Fenton reaction, lead to lipid peroxidation of membrane phospholipids, and finally trigger
ferroptosis of airway epithelial cells. Fe** accumulation-induced ferroptosis triggers airway remodeling and promotes the pathophysiological
process of asthma. (2) Ferroptosis inhibitor ferrostatin-1 (Fer-1) inhibits Fenton reaction and lipid peroxidation of membrane phospholipids
by up-regulating the expression levels of FTH1. IL-6: Interleukin-6; FTH1: Ferritin heavy polypeptide 1
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OB B A, 15L01 5 PEBPL 45 & J5 AL It = 4
15- %8 JE - Ui DU O TR W AR Bk 2 B B% (15-HETE-
phosphatidylethanolamine, 15-HETE-PE) W] i iT W #&
GSH 1 GPX4, #41 SLCTALL {1 &%, B3R <38 b %
4 L R 1) GSH-GPX4 it S Ak 2 4t (1) -1, i i <3 |
B ANl R AEBRAE TS . BeAh, 4 LPO Vs N 2] GPX4 2k i
B 4 B b 2 S B0k AE TSR (18 3) . IR I, A B
BT I AR Hr AT DLk 8 T 3 GSH A1 GPX4 (1) /K F,
I B PG B i A B R R 4 X K BE T
&P
4 RE

BRAE T H 2012 4 1 G AR TE J5 k52 B T ORI
Kk, B FHLH M R @ RIEN . S8 L AR
ASOE B R T AR B . AIE b B A0 i A A A
it 7 & W i (1) B O BE E R4, RE BRI S
AHR . UE 18 1 58 RE FBE W K IR R AER R — i
THI, BE M (9 R AR R T A8 b R A0 B BRBE T S —
J5 T, b R A A R I O A R Bk R AR
1 2 G5 O i oK R 46 L R AR BT, s R 1S IE
R 2 P A543 R T R 2 TR S T i R R U BN R R
B E A SR S B E TR R LR, R TE
Xof it B R R T v, R R AR, (R R E
2 210 L 1) B LR A B 43 A, R RS0 A A, B Wiy J A
FER N E o A SC LUK AU T2 5308 b 7 4 i 4 4 2 ]
IR RN YN i, 4K 8 il W I R IR, i o 1 Wiy 26 3
AV T R LR o BRBE TR R AN D 2,

15-HETE

[MAI’E

I5L01

SLCTAIL ﬁ Phospholipid peroxidation
| SLC3A2 ™ Phospholipid
oy
Xe- system

Normal airways

§ MNommal mitochondrion

@ Damaged mitochondrion

R R R BR S, G o 23 1 B 6 R A
TR, BARCEATTAS B BT RE AT 1R 22 i 7 i 1)
A, BUVR AR Ll R I R O AR VE AR B KR FE I 4
e OB TR 2, St 708 i T 1 B i /) BRI 4 24
SLC3A2 H1 ATP1A3 ) i 1 ik f il Bk SE T2, 42 fif 2%
My S PR o Tk AE T A 43 7 ML 3R o 2 7R
R IR =) 22 fe W Wi K i o W Wy FR S AR AT TR R R

BB H R, A %8 b AR BRIE T 5 8 B ) BF 7
BT T RS A AT JORE R I AR, TRRAR R AN
PR 2 G Ok 1755 W Wi 500 (LA AR 208 7 BE RN
M TE. 4T 06, B T 15L01 2 4h, IR E AR 8 %
LA R G R MM RE SR B TT 459, B ONR T
PR 24 1 0 Mg 32 O K SR . AR, RO b R i
BRAET L5 B I AT A RIE T K 22 B o A /D SRR 24 i A
LE PN V7R IR AT SRR ol 1) IR
FE I Wi 99 7 B s PR U (B R A2 . RSK, WEFE 3
AT DL R 27 Mg 5828 N T, R 908 Bk AR T
L5 e W 98 e T 0% A% 5 1) B L BAR B 3 1 IR S L
il G 36 AT R B0 T 4 3 A v 24 R R R AR )
FE I RAB YT HH BOAT R D W8 Wi AH D98 ELATL AR (1 DA
A PR 2 16 32 A O (B Bk 22 M4l

E& BBk PRI SRR 1 1 BB 5 N, 58 HUAH 56 SR
BORF K WSO AN 3T BB SCHIRR K55 18 5 3R 48 VR 5 38 X/
e BN 2 5 oCHRBORH A0 AT BB, ST S 51 Uiz
W5 BSORBUH MM B E AT, 1R R SCS R

9 o

Asthmatic airways

~  Normal epithelial cell

< Damaged epithelial cell

Figure 3 Effects of antioxidant system imbalance on asthma. () SLC7A11 and SLC3A2 comprise the Xc- system, which is responsible for

transporting cysteine into cells. Cysteine goes through a series of reactions to form GSH, which together with GPX4 inhibit lipid
peroxidation. @ LPO synthesized by 15L.01 and AA-PE leads to the inactivation of GPX4. Inactivating GPX4 leads to the weakening of its
inhibition of lipid peroxidation, thus promoting lipid peroxidation of membrane phospholipids. GPX4: Glutathione peroxidase 4; SLC3AZ2:

Solute carrier family 3 member 2; SLC7A11: Solute carrier family 7 member 11; Xc-: Glutamate/cystine transporter
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