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H 8§ B Mok B fa 4554 P (NETs) 78 B AR SR i B3R 4 (IRD H VB F R WEERLA, FFiE— R
RESHMGILTZ FKXER. HiE: K18 R C57BL/6)/MRBENL N S S FREEHU/RA, n = 6).
BFEARH (Sham4l, n=6). I/R+ BLEBFLEREFIZ(1/R + DNase I, n = 6). X A3 ke & b 5
B #4558 KB AL 24N BT AR B SR IR /DN RBLRL; A &4/ B LB (Scr) JRE
A (BUN)/KF, HEREWE/NRFHLRERIL; REFROENGAN & 4H B HRPNETsHR &Y R4
HuBEid E AL YEE (MPO) Sk E 4P 6G (LY6G) B ATE M, HBEENk i/ R B AR b A H kid S
1L YIRS 4 (GPX4). BiEHMAEA & REE KR IR R 4 (ACSL4). ZAEAE#(FTH)EAKF. £3R: Sham
HAR B REHTE, I/RE/DNRTTLEZE /NG, RIATSE/DME LA RS &R g
RN, FHAAMPOSLY6GHE A% LIRERIEWIN(P <0.01), I/R+DNase I4/R S/ -4
M p =R R R, AR REN R B NE, FHAN EFHAAMPOSLY6GE 0 ERIERS (P
< 0.05). I/RA/PRIMIEScr. BUNKF[(314.1 £13.95) pmol/L. (137.7 % 6.44) mmol/L] & B HLH +
ACSL4FE H/K¥(1.01 £ 0.12) % TSham#1[(30.48 + 2.360) pmol/L. (23.81 % 2.42) mmol/L. 0.38 %
0.12], TMGPX4. FTH1E H/KF(0.67 £0.09. 0.29 + 0.08){& T Sham#{(1.29+0.01. 1.19+0.11), =
RBE G %E X (P < 0.05), I/R + DNase I4f1EScr. BUN/KF[(30.48 + 2.360) pmol/L. (23.81 +
2.42) mmol /L] & BHH P ACSLAFE H/KF(0.47 + 0.13)E T I/R4, THGPX4. FTH1E EH/KFE(1.12 +
0.03. 0.97 +0.05)& TI/RA, ERBFAITERN(P<0.05). &ik: IRITEFZNETsERILR 1L
BT, IHINETs/S, TIEMRIRIDARAMERICTS, NETsH] B2 ETREM eIt T2 5 5 KIRI.
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Abstract

Objective: This paper aims to investigate the role and underlying mechanisms of neutrophil extra-
cellular traps (NETs) in renal ischemia-reperfusion injury (IRI) and to further explore their associ-
ation with ferroptosis. Methods: Eighteen C57BL/6] male mice were randomly divided into three
groups (n = 6 per group): renal ischemia-reperfusion (I/R group), sham-operated (Sham group),
and I/R treated with DNase I (I/R + DNase I group). Renal IRI was induced by bilaterally clamping
the renal pedicles for 45 minutes with a non-invasive arterial clip, followed by 24 hours of reperfu-
sion. Serum creatinine (Scr) and blood urea nitrogen (BUN) levels were assessed. Hematoxylin and
eosin (H&E) staining was performed to evaluate histopathological changes. Immunofluorescence
co-staining for myeloid peroxidase (MPO) and lymphocyte antigen 6 complex locus G (Ly6G) was
used to detect NETs, while western blotting was employed to analyze the expression levels of gluta-
thione peroxidase 4 (GPX4), acyl-CoA synthetase long-chain family member 4 (ACSL4), and ferritin
heavy chain 1 (FTH1). Results: Kidneys from the Sham group maintained intact architecture. In the
I/R group, significant renal tubular damage was evident, characterized by vacuolar degeneration of
tubular epithelial cells and enhanced cytoplasmic eosinophilia. The co-expression intensity of MPO
and Ly6G proteins within the renal tissue was elevated (P < 0.01). In the I/R + DNase I group, the
severity of vacuolar degeneration in tubular epithelial cells was reduced, nuclear shedding was
ameliorated, and the expression intensity of MPO and Ly6G was attenuated (P < 0.05). Compared to
the Sham group (30.48 * 2.360 umol/L, 23.81 * 2.42 mmol/L, 0.38 + 0.12), the I/R group exhibited
significantly higher levels of serum Scr (314.1 * 13.95 pmol/L), BUN (137.7 * 6.44 mmol/L), and
renal ACSL4 protein (1.01 % 0.12), while showing lower levels of GPX4 (0.67 + 0.09) and FTH1 (0.29
* 0.08), all statistically significant (P < 0.05). Conversely, the I/R + DNase I group demonstrated sig-
nificantly lower levels of Scr (30.48 + 2.360 pmol/L), BUN (23.81 * 2.42 mmol/L), and renal ACSL4
(0.47 * 0.13), but higher levels of GPX4 (1.12 + 0.03) and FTH1 (0.97 % 0.05) compared to the I/R
group, with statistical significance (P < 0.05). Conclusion: Renal IRI induces NET formation and pro-
motes ferroptosis. Inhibiting NETs mitigates both IRI and ferroptosis, suggesting that NETs may par-
ticipate in renal IRI by potentiating ferroptosis.
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B P SR ML B VR 451495 (Ischemia-Reperfusion Injury, IRT)Z&F8 B RS DI MR AF M. MR AR ER, H4H
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RE IRI CECAIGR SRR T 3, A SO S B ke, (A H B k@ Sk 2500k 24
e Y o R AE T M AE ARy E RS, PR Bl A e H R S e H IR A8 4 (Glutathione Peroxidase 4,
GPX4) K, 9l REMMAPENR B A B, & FEEMAETI[7]. ML TR = A o & Tk S
F(Fe )il 25 s B = AL R B im A, IS R IR A A HERR , BT R 40 PR e B v, BRI S ORE R+
MRANEY, TEREAI A EE[8]. ML A & UK EE KRS L 4 (Acyl-CoA Synthetase Long-
Chain Family Member 4, ACSLA)/EABIET: ()G = R+, i@k it i ot i Ak B hn S5 R AE T2 9]
KEWT TR I IETAE B IE IRL ORI EEZER . CAVHTIESE GPX 4 Refeit Sk B 44 m) 12
B I [ 10].

FR R 20T B B 41754 X (Neutrophil Extracellular Traps, NETs) & FP b 40 i & HE DhRE AT 5 20 [11]-[13].
FEB I IRT FFC 751, NETs @ (e sk ROg IR SAE S B2 5 FER I FE[14]. ST HIAE R BT 42
75 T NETs £Efi I 1E A S5 02 dE 4 RSB T2 O, $7m HAE AR 2 B IEBi 3 v ml B AR AE R IMLARI[15]. 28
1M H A E 7856 T NETs J2 1538 U8 7 40 B gkt ok i sz B IE IRT 9 9z e DR, ARHH Fediast 1
NETs /2 72 58I IRT H4ifagk st T, DA B IDE IRL 5 300 B 43 00 76 07 SR 40T 1 S

2. 8
2.1. SCI8/MER

HEME CSTBL/6 /N (22~25 @) A AL VAR A HE AR A IR A 5], A= ik dw 58 SYXK(5E)2024-
0010,

2.2. w5

I LT (Serum Creatinine, Scr)f& M7 & JR 2 %&((Blood Urea Nitrogen, BUN). BCA & & I 71 &
T S22 RAEM B A BR A 7, DNasel T _E#gRM AR R A 7 5 $8id E ALY FE(Myeloperoxidase,
MPO). #E4HIEHTR 6G (Lymphocyte Antigen 6G, LY6G). GPX4. ACSL4. k& 4 #H % (Ferritin Heavy
Chain 1, FTH1). iR ZHiE AHUAME T E B AV HARA R THEA R, HLWEHEEOUE T AL 5 RAR A
WRHEH IR AT, 4 CUKFEM T /RER AR, BB T 3% E Eppendorf AR, HLIKAC. A T3
[E{/1 4% Bio-Rad A #.

3. L EE
3.1. TIPSR, B

SEUG SR P HEVE CSTBL/6 /N, BEHLAY R TF AR (Sham)ZH . Sl FE#EE(UR)4L. UR+ I AR 5 T
(UR+DNase D41, B4l 6 H. UR 4/NRE 1.25% IR LFEQ20 pL/g)WREF i, FIFRTF R E K MUARTH
B JFIE IR O & o A JE QAT Bk e e TSN ¥ 35, EREERITUIRAS 45 min [16]. BEERERR
kK, BIREEEG KNG, THED 24 h BHCNRAMNE MUATE HLFEA . Sham 2H /)N BB A8 H TG i G 61
P ke e XU 365 4, HoRiE IR 5 UR 24 A . R + DNase I 4R 1 h, 3@ id 1867 S5 DNase
1 (2.5 mg/kg) AT FiAb e, HAREAEDEY S UR AARF[17].

3.2. HE & Y 8T FHNRBF T

T 4% 2 3R P B AL AT [ 52 24 ho (] R SmEHEAT BK. ibs . BB, v .
R Ry o A0 HIORBEAT RS . BARZ ZmE WO, KPR IEARR Rt K Sk, AR TR
agets, fH OREBK G —HAIEN], B IE e B T .
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3.3. SpAEMINSE Scry BUN 7K 450

JE T R FE SR Iy S 45 2L/ SO IR AR, T 4°C 26 4F N H AR BRI )5, LA 3000 r/min F %58 25 0
15min, 7338 LIZME . KA RARF & U0 H BEAERFE, 78 96 FLIR T o Al BREA L. brifEFL A
AL, RN LI bR IR R 26 087K o S FLAEAT IMNBATR A, 7R4RAEME 10 min,
T 546 nm P KAL I E WG EEAE ; B FEINNBEVATR B, FHIEE 10 20505, THERK I ERO6E .
R BT e G AR, 42 R SR AT B 743 SR B Sery BUN K, AR P4 /N BB ThARIR A
3.4. B4R NETs &8 MPO X Ly6G &

THHEE G 24 h I (A) SRRV AR A, [E MK G4 A AR 5, 550 F L)
S RE N 3~4 um (AL . VI IRIREG R B il SR E . 4iiRiliE . B 5, i
JGTE4CHEMTE—PimE k. RH, ¥ EEG 7 00s, HS5HN PiE=RE T E & HK
Vet . YHAZZ DAPT HE4T 4%, WINPUo e K A A s 385 BHE . f)n, 850 B Mgt
Pl MPO 5 Ly6G 17 645 5 5mE .

3.5. ZEAGREENTRN GPX4, ACSL4, FTH1 EHKE

R B4 (51 60 Hz, TS 30's, 1% 10 )RR AL, NS AR, vk -2 30 min. f#
FHAR IR =3 2001 P 12,000 rpm &0 10 min BU_EiE. # ] BCA & A 5 il ifl & 5 IR 3 T 52 .
EH 12%FI AT ok (B 10 pl)fE#eiE. R S%RIB AR Yk #E4T7 81 2 he TIARBTR GPX4.
ACSL4. FTHI iff, 4 CUKFEM BT .. Yo m MmN WL EPR —H0(1:10,000), FEIEKR LHE 1h. Y5k
JEIN R SR AT B3
3.6. Gt

K GraphPad Prism 9.4.1 FEATHHE I M. HHEGERILL X +5 %08, ZHPHECRH BHRRTT %
3HT, BE—R A LSD-t kg BEAT I ELE . BL P <0.05 NZEFAH G52 L.

4. SCIGHER
4.1. HHPMRBHARBFTHENR

Sham 2/ BB IEZLZA G5 K35 0T /R 41/ BRUE AL BB 25 R BB, B0 B NVEYTIKR, BANVE
AR A . R AL IR A % B S UR + DNase I 4LE ERG GRS . R 40 MR > . WK

Figure 1. Illustrates the histopathological changes in renal tissue observed across the different mouse groups
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4.2. RLH/PRSMNEMSE Sery BUN 7KEBLIFR
5 Sham ZH#HLE, TR 2 Scr. BUN & &FHE(P < 0.01); {# ] NETs #ill##5 DNase I A¥/NR 5, fE
B2 PRI Sery BUN ZKF(P<0.01). WLEE 1,

Table 1. Presents the variations in peripheral blood serum levels of Scr and BUN among the groups of mice (X £5)

1. BENRINFME Scre BUN KEBUIER(X£5)

2H 51 n Ser BUN
Sham 1 6 29.95 +0.9455 23.25+3.87
/R 41 6 3141+13.95a 137.7 + 6.44a
I/R + DNase I #1 6 3048 £2.360 b 23.81 £2.42b
P <0.001 <0.001
F 400.9 209.4

7: 5 sham AL, °P<0.05, 5 /R AALL, *P<0.05.

4.3. HBHE/NRIEELRH MPO 5 Ly6G EAFRIEHR

5 Sham Z41AHEL, TR 40 NETs <88 A MPO. Ly6G %% G5RERA NP < 0.01); 1fi /R + DNase I 41
MPO. Ly6G %GBk (P < 0.05). WL 2.

sham /R |/R+DNase |

DAPI

o
]

%* %k

-2}
1

MPO

N
1

LY6G

Relative fluorescence
intensity (fold of Sham)
S
1

o
1

Merge

V. 5 sham HAMLL, "P<0.01; 5 IR HML, #P<0.05.

Figure 2. The expression of MPO and Ly6G proteins in the renal tissues of mice across the different groups
B 2. &0 RBHELE MPO 5 LyeG ZEAFRIKIER

4.4. ZHIINRIZLHLE ACSL4. GPX4, FTH1 ZEHKEELE:

5 Sham AL, IR T A ACSL4 KX BETHE, FTHI Ml GPX4 EHAXETERILP <
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S

0.05); I/R + DNase I ZHEAET 2R 1 ACSL4 Rk B EF#MK, FTH1 1 GPX4 R R R E I = (P < 0.05).
WK 3, %2,

A B
M Sham E3 I/R B3 I/R+DNase |
sham I/R [|/R+DNase | I
(<]
ACSLA | e 79 kD @
@ 1.0
Qo
GPX4 | — | 20kD X
(]
> 054
FTH1 =T —— 21 kD w®
E
(4
B-actin — — — 42 kD 0.0-
ACSL4 GPX4 FTH1

7F: 5 sham 4AHE, “P<0.05; 5 IR AAHEL, *P<0.05.

Figure 3. Illustrates the protein expression levels of ACSL4, GPX4 and FTH1 in the renal tissues
of mice from different experimental groups
B 3. FHENRBHELR ACSL4. GPX4, FTHI EERIEER

Table 2. Protein expression levels of ACSL4, GPX4 and FTHI in mice of each experimental group (X 5 )
2. £4A/NF ACSL4. GPX4, FTHI BEAFIEBR(X £5)

H) n ACSL4 GPX4 FTHI
Sham 21 6 0.38 £0.12 1.29 +0.01 1.19+0.11
IR 41 6 1.01+£0.12a 0.67 +0.09a 0.29 +0.08a
I/R + DNase I 41 6 0.47+0.13b 1.12£0.03b 0.97 £ 0.05b
P <0.05 <0.01 <0.01
F 8.007 68.09 31.66

VE: 5 sham 4UMHEL, *P<0.05, 5 IR 4AMitk, P <0.05.
5. iig

BRI B AT e A AR 0 B B e R BT T TS . 25 RS AR I AR ok DLk S R AR IRT, K
PRV RE MR IR . SR OB R AR IS . AP FUsEI 45 R EoR, 5 Sham LML, TR 4/
B B ANEY 5K, B/ANE D A MRIRIERLTE, I R R AT,  RWABRATTEE S IR
JIE TR ABEAY o TRT Ik i o 7 AR R34 4 O 43 A5 3 Tod 5 v Mok 20 B 3R T (A R ) 2 Ak g 4, IR B L )
B WEIE A IR NETs .

T R I NETs 8 (20 SORE RS emafl g an . InEgufaits, = 580w RA K [18].
BWFTUESE NETs 1 2 M E 5% IRI R AR EYIAIK[19]. Nakazawa 55 A[17] K90 BE IRI F
B2 NETs 2880, {8 F DNase I #1] NETs fI4E K, 1l LLZEMAR ST IRT i S 10 B . A0 7045
SER VR A/ REHZH MPO. LY6G & R fZ 9 iR EN N, {4 DNase I TiALER, W] FE{K MPO.
LY6G HERICIREE, FEEIHY, 5 LR Gk R —5.

AL PG BRAE T A B BRI 2 () B A . BRAE T Y e B A B IE LR Fe? UiAR LA
T e 3 Ak %§E@%JI[L%)%%MTE%'—?@UJ‘ﬁ'%éﬂ,/\qj{ﬁﬁ%u_iﬁiﬁi i il S A RTE B RE T,
M 51K AR B 484201 ACSL 4 AT DA AR B 84k, ISR 4k sE T2 [21]. 1T GPX4 {EAHUEAEE,
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AL e B A, IR BE T I R 2E[22]. FTHL AR ARKE A B, BASErEEE, Homid 4
Fram i P i ek R, HIZSUR N, BRIEBRIET IR 23], 7B AE IRT A7 rfr, Mkt T (0 R A
AIE RS WEA4%5[24]. Wang S8[25 10 E R B, ARG F#EE S, DNREHLAF ACSL 4 EHKF
ThiE, M GPX4. FTHI SR HEEZMH], FECERES. FE, AFRg R8s, VR 4H ACSL4 EH
FikKPTHE, GPX4. FTHI Fik/AK AL, 4 DNasel T-1iJ5 iX S35 br 975 28] B34, $2R DNase I
AR IE I MR IE TS, SRR ER S TS E ThRERR G . X SRR — 2, RITERRERAE 5 5 00 St i
R A, DNase I 1] NETs RE05 042 40 U2k I8 1-[26]

Zx PR, NETs 25 ME IR &%, HA0iEH al e S0 pE T 5¢, #If] NETs, #] RAAH]|
BRIUT:, SRAERGR NGRS S D BEREAS . (HAWF 7L R R IM B NETs it 42 . MPO. H R4
SVE B SR DGR AL o) KBRS Sl B A TR T AL, BARIE R S S B R s A
Ry JE SRt Tt — PR

= A
AR ST CLE e HR TR B A 1 i
S5
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