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[Abstract] Objective To explore the intrinsic relationship between NOD-like receptor protein 3 (NLRP3)
inflammasome activation and neutrophil extracellular traps (NETs) formation, as well as their mechanism of action in
the pathological process of sepsis. Methods Wild-type (WT) and NLRP3 knockout (NLRP3™") mice were randomly
divided into sham operation (Sham) group and cecal ligation and puncture (CLP) group, namely WT-Sham group,
NLRP3”"-Sham group, WT-CLP group and NLRP3”"~CLP group, with 6 mice in each group. At 24 hours after operation,
hematoxylin-eosin (HE) staining was used to observe histopathological changes in the liver and lung tissues; enzyme
linked immunosorbent assay (ELISA) was performed to detect the levels of blood cytokines, citrullinated histone H3
(Cit-H3), and myeloperoxidase-DNA (MPO-DNA) complexes; Western blotting was used to measure the protein
expressions of peptidylarginine deiminase 4 (PAD4) and Cit-H3 in lung tissue. Meanwhile, colony counts in peripheral
blood and peritoneal lavage fluid (PLF) were determined in each group. The 7-day survival of mice in each group was
observed postoperatively. Results Compared with the corresponding Sham group, the survival rate of WT and
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NLRP3™ mice was decreased after CLP, while the serum levels of interleukin-18 (IL-1), interleukin-6 (IL-6), tumor
necrosis factor-a (TNF-a), and interleukin-10 (IL-10) were increased, pathological injury in the liver and lung tissues
was aggravated, bacterial burden in peripheral blood and PLF was elevated, protein expressions of PAD4 and Cit-H3
in lung tissue were up-regulated, and serum levels of Cit-H3 and MPO-DNA complexes were increased (all P<0.05).
Compared with the WT-CLP group, the NLRP3""-CLP group showed a lower 7-day survival rate (16.7% vs. 55.6%,
Log-rank test: y °=4.35, P<0.05), the pro-inflammatory cytokines IL-1B, IL-6, and TNF-« were decreased [IL-1B (ng/L):
136.30 £56.16 vs. 243.50+55.29, IL-6 (ng/L): 411.30+114.50 vs. 669.70 +222.60, TNF-o (ng/L): 672.80+16.43
vs. 717.30430.16], whereas the anti-inflammatory cytokine IL-10 was increased (ng/L: 1 111.00£223.20 vs.
833.70 £ 154.90), pathological injury in the liver and lung tissues was alleviated (liver injury score: 2.5040.55 vs.
3.67+0.52, lung injury score: 2.33+0.52 vs. 3.67 £0.52), bacterial clearance was markedly improved [peripheral
blood colony count (X 10° CFU/L): 12.16 +7.31 vs. 36.00 = 13.80, PLF colony count (X 10" CFU/L): 113.33 £ 79.69 vs.
277.00 +77.23], protein expressions of PAD4 and Cit-H3 in lung tissue were reduced (PAD4/B-actin: 0.17 +0.05 vs.
0.29 £0.05, Cit-H3/ B-actin: 1.36 £0.23 vs. 1.96 £0.26), and serum levels of Cit-H3 and MPO-DNA complexes were
also decreased [Cit-H3 (ng/L): 132.80 4 20.68 vs. 182.70 4 13.43, MPO-DNA (ng/L): 47.67 2234.96 vs. 177.20 £43.95],
all differences were statistically significant (all P<0.05). Conclusions The NLRP3 inflammasome may participate in
inflammatory amplification and organ injury by positively regulating NET formation, thereby influencing the course and
outcome of sepsis. NLRP3 deficiency can suppress aberrant NET formation, alleviate inflammatory responses and organ

damage, enhance bacterial clearance, and thus improve the prognosis of septic mice, suggesting that the NLRP3-NET

axis may serve as a potential intervention target for sepsis:
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1 ( B-actin) FUARIE B FISEEE R F AR
1.2 Zh¥y o 20 SAb 3 . 4B E 7 33253 0K WT
/NEUR NLRP3™ /N B3 R (B T AR 4 (Sham) K H
2t $, ZF fL R (cecal ligation and puncture, CLP) 21,
BJ WT-Sham £, NLRP3"-Sham 41, WT-CLP 41 fil
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2.2 NLRP3 mBRIBE M ERIE S0E RN : 3R 1 UK,
55 Sham 4AH L, CLP 411 iE H 1L-18 . IL-6 . TNF-a
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AH L, NLRP37-CLP 4 IL-1B . IL-6 Fil TNF-a 7K°F
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WT-CLP A e, NLRP3™ -CLP £H/) UM [ SRK Jgiaes , 980 4 Iy A s/ 5 P4 A/ IR 2 A1, I IR > IR 2 - frer

(HE) Ze@ ek

x1 FANRMFBFREEFKELE (x+5)

251 SEC(H)  1L-1B (ng/L) IL-6 (ng/L)
WT-Sham 21 6 25.50+26.35 33.48+11.13
WT-CLP £ 6 2435045529 669.70£222.60 "
NLRP3™"-Sham #H 6 24.04+16.64  20.57+5.73

NLRP3™"-CLP #H 6 136.30+56.16"  411.30+114.50*°

25 () TNF-a (ng/L) 1L-10 (ng/L)
WT-Sham 28 6 143.50+6.03 486.50+51.39
WT-CLP #H 6 717.30+30.16%  833.70+154.90"

NLRP3™"-Sham 4 6 134.60+3.29 488.80+20.16
NLRP3™-CLP #H 6 672.80+ 16.43"° 1 111.00+223.20 "¢
T WT WEFA 5 NLRP3™ 2 NOD FEAZ IR 1 3 L - pliRosl,
Sham MEFA, CLP N HBHEFLEGLA, IL-18 R HAIMAZE-18,
IL-6 AN 25 -6, TNF-a NERSEHEF -, 1L-10 Sy 41T
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CLP A J5 ¥ 3230k BH S () il e 1L 2R 400 e 32 11
Tt 0 BE S T 5 440 e BB S B e, JRk SRS
JE 778, 8 U i 5 B e A8 5 it 4 2R 2R
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2.5 NLRP3 @l & Xt NETs 2E A% i 52 W . Western
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415 L G E T O T S
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NLRP3"-CLP 41 6 2.33+0.52"° 2.50+0.55"°
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P<0.05
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BRI T NETs 2372, 382> T NETs #9525 A
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M IL-18 FIL-18 BB 5 531, FHE#E GSDMD
AT MR AE P, NLRP3 245 /)
AP 3k B G L UE I 4 B R SN 27 A A 2R
B RERE IR F B IR S AR 0 A
PERGE A | 2t B0 e 24 B DI RE R L5 A Ak
BeHEREEAE L I PRECHE TR, e R ER 2 L35
ASC FITL-1B 7K 34 48 3 T, HA5 05 2 1E A
S0 ARERSY S B R, NLRP3™ Wil CLP AR
J&i TL-18 . TNF- o il 1L-6 254t 4 K F Ay B, IF I
P IL-10 B35 , el L 2R L 251005 , 2 e ik
BEAE /N BUAAE TS 2R JIESE NLRP3 75 MRERAE & WL ]
AL 5 [RIISE, NLRP3™ #1141 T NETs AYS 3
A g, e PR AN E I MPO-DNA 5 &9 Cit-H3 7K
R [, il 223 b PAD4 Al Cit-H3 35 i, $2R
NLRP3 ZAE/AIMAR LG 5 NETs 22 [AIFFFE TR ) 1E
R

NETs J& H A4 067 41 Jifd 32 210 955 J5 44 5 3805 R ik
B 1L DNA A B 28 5 AR 254, B &% DNA L 4 .
MPO FT 720 i 53 R 1 il 5 1, A B ol Ja
P BRSNS . SR, 2
A Y NETs HAf &35 10 A0 s vk, T 5] & P9 iz 4
13 BT ST Ik S R IR AR T A R
O AT E 2 E A S IReRIR L Jf
H , NETs i o] 38 525 1F SUmp L 02 i 5 B B i 4 i
B, FEIAE N RAE IR LU 5 . A FE 25 5%
7R, CLP AJ5 NLRP3™ /MR F B R R S A3
B AR  AEAA R UCE R R, NETs 7KK,
$E7R NLRP3 JEPH @ biaty K i E AF 3R 25 B BRI
IL-18 S5 2 I F/KF-4h, ] BE5 % NETs f#0 il
A5, E T NETs BR3h 895 1F SRR, AT
IR B A A5 LAGE .

AR B A2, R NETs 76 5T i B 48 b 9 v
& HE T A, (D AR50 B8 NLRP3 itk 558
NETs 7K T [ B[R] B, 240 56 775 B3 i 5 1 44 31 el
Mo X— “PEIR” BG T RE R NETs 7E 458 5E 5%
TET R XT8N % —J5 T, NLRP3 9K g fif i
J& NETs 2 S8R 4n ke , i HACR: 5 5 —
J5 i, NETs fi56 5 F b 40 i o s, ml g il



. 422 -

FRAEAG TG S B BE S 2026 4F 5 H 45 38 345 51 Chin Crit Care Med, May 2026, Vol.38, No.5

SR A AR B PE L T NLRP3 52k 4 4 1
SR NETs, A Bk P 41 i 0 B0 Fn A7 v
T34 TSR AR B BRALAE . LAk, NETs Hfy
213 (A MPO %5 HAg Aesim bk, AR R inE 4
SUG 7, BELRS R 0 S 28 20 M B4 5 ShBE & 4% 5 T
NLRP3 Bl B I 1 K S35 20 3 RT3 4 41
VTR R RO, R T T AN RTE PR AE ST,
TAWIIE R A4 B NLRP3 JE PR pf 5 S, PRI AN
AEHERR NLRP3 X oAt G2 40 . (4 5 Wi 20 i | B 58
R AN AE) T fE A4 b Ia] 0 35 00 , 3 [l 1t 4 i sk
SRR T P, T B NETs AU 234
ST R LY, SO T eI I Z AL B P, S
35 ELARAR 5 O B B 350

g Lrd AR5 KM, NLRP3 A FH{55 5%
SN} NETs i3 R A7 1522 A AE ) 8 72 15 1 BELU
NLRP3 4 i /IMA 1) 36 Ak 1] 5 25 5] NETs B2 B,
FTWT NETs /519 9E 1IE SRS, I e 2 B 045
FEA BT 0 A0 A T R AR T, DT A e B AE TS -
AHFFEAARIL ) NLRP3-NETs %H 75 e 75 g BRAE BRAL
il A%, AR SHe B E— A TR it NLRP3 ¥
T NETs (955 FHLI, LA AP 20 it A S 05
JHEEEAREAR T TR IS IR R HES 28 AR
FIZMI AR AL R G %
RS BRI R S0 F B S A
YEERMAR T . BRI IS8 | SOHERF ST R
TR SRR R IR | TR WA« R 4
BT/ SR | 8 S0 | BTN 5 0 « PSRRI 9, %3
AL P A VAP A ), SRITIE 28 9, 48 £ R bR
14K, SR TR
SE Tk

[ 1] Singer M, Deutschman CS, Seymour CW, et al. The third
international consensus definitions for sepsis and septic shock
(Sepsis—3)[J]. JAMA, 2016, 315(8): 801-810. DOI: 10.1001/jama.
2016.0287.

[ 2] Mihlan M, Wissmann S, Gavrilov A, et al. Neutrophil trapping and
nexocytosis, mast cell-mediated processes for inflammatory signal
relay[J]. Cell, 2024, 187(19): 5316-5335. €28. DOIL: 10.1016/
j.cell.2024.07.014.

[3] Xie XY, Wang P, Jin M, et al. IL-1 —induced epithelial cell and
fibroblast transdifferentiation promotes neutrophil recruitment in
chronic rhinosinusitis with nasal polyps[J]. Nat Commun, 2024,
15(1): 9101. DOL: 10.1038/s41467-024-53307-0.

[4] Guo WJ, Gong Q, Zong XF, et al. GPR109A controls neutrophil
extracellular traps formation and improve early sepsis by regulating
ROS/PADA4/Cit-H3 signal axis[J]. Exp Hematol Oncol, 2023, 12(1):
15. DOI: 10.1186/s40164-023-00376-4.

[5] Fei YX, Huang X, Ning FY, et al. NETs induce ferroptosis of
endothelial cells in LPS=ALI through SDC—1/HS and downstream
pathways[J]. Biomed Pharmacother, 2024, 175: 116621. DOI:
10.1016/j.biopha.2024.116621.

[6] BIETS, BRIb, 2548, 45 . UM 7 a5 s MR 2 i i M7

[7]

[8]

[9

[—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

38 190 7 ) SR B R B R B A R LA WS ()], T2 55
2025, 36(6): 655-660. DOI: 10.6039/}.issn.1001-0408.2025.06.03.
Zhang H, Wang YHZ, Qu M, et al. Neutrophil, neutrophil
extracellular traps and endothelial cell dysfunction in sepsis[J]. Clin
Transl Med, 2023, 13(1): e1170. DOI: 10.1002/ctm2.1170.
Qiao J, Tan Y, Liu HC, et al. Histone H3K18 and ezrin lactylation
promote renal dysfunction in sepsis—associated acute kidney
injury[J]. Adv Sci (Weinh), 2024, 11(28): €2307216. DOI: 10.1002/
advs.202307216.
Zhang L, Zheng B, Bai Y, et al. Exosomes—transferred LINCO0668
contributes to thrombosis by promoting NETs formation in
inflammatory bowel disease[J]. Adv Sci (Weinh), 2023, 10(28):
€2300560. DOL: 10.1002/advs.202300560.
Sha HX, Liu YB, Qiu YL, et al. Neutrophil extracellular traps
trigger alveolar epithelial cell necroptosis through the cGAS-STING
pathway during acute lung injury in mice[J]. Int J Biol Sci, 2024,
20(12): 4713-4730. DOI: 10.7150/ijbs.99456.
Chen Y, Ye XY, Escames G, et al. The NLRP3 inflammasome:
coniributions to inflammation-related diseases[J]. Cell Mol Biol
Lett, 2023, 28(1): 51. DOI: 10.1186/s11658-023-00462-9.
X5 Ak, L 45 L RNS = BE i ] NLRP3 4
S/ IMAS O B B AR S AE (7], AR R |, 2025, 41(2):
31-39. DOI: 10.13982/j.mfst.1673-9078.2025.2.0176.
Vigneron G, Py BF, Monneret G, et al. The double sides of NLRP3
inflammasome activation in sepsis[J]. Clin Sci (Lond), 2023, 137(5):
333-351. DOI: 10.1042/CS20220556.
Su X, Bai CX, Hong QY, et al. Effect of continuous hemofiltration
on hemodynamics, lung inflammation and pulmonary edema in a
canine model of acute lung injury[J]. Intensive Care Med, 2003,
29(11): 2034-2042. DOI: 10.1007/s00134-003-2017-3.
Liew PX, Kubes P. The neutrophil's role during health and
disease[J]. Physiol Rev, 2019, 99(2): 1223-1248. DOI: 10.1152/
physrev.00012.2018.
Zhang J, Shao YW, Wu JY, et al. Dysregulation of neutrophil in
sepsis: recent insights and advances|J]. Cell Commun Signal, 2025,
23(1): 87..DOL: 10.1186/512964-025-02098-y.
Menon K, McNally D, Choong K, et al. A systematic review and
meta—analysis on the effect of steroids in pediatric shock[J].
Pediatr Crit Care Med, 2013, 14(5): 474-480. DOI: 10.1097/PCC.
0b013e31828a8125.
CORTICUS - Study Group. Hydrocortisone therapy for patients
with septic shock[J]. N Engl J Med, 2008, 358(2): 111-124. DOI:
10.1056/NEJMoa071366.
Rao TW, Yang W, Ma XM, et al. Bergapten attenuates hemorrhagic
shock induced multi—organ injury by inhibiting NLRP3
inflammasome activation and pyroptosis[J]. Int Immunopharmacol,
2024, 140: 112839. DOI: 10.1016/j.intimp.2024.112839.
Martinez—Garcia JJ, Martinez—Banaclocha H, Angosto—Bazarra D,
et al. P2X7 receptor induces mitochondrial failure in monocytes and
compromises NLRP3 inflammasome activation during sepsis[J]. Nat
Commun, 2019, 10(1): 2711. DOL 10.1038/s41467-019-10626—x.
Branzk N, Lubojemska A, Hardison SE, et al. Neutrophils sense
microbe size and selectively release neutrophil extracellular traps in
response to large pathogens[J]. Nat Immunol, 2014, 15(11): 1017-
1025. DOI: 10.1038/ni.2987.
Jin LL, Batra S, Jeyaseelan S. Deletion of Nlrp3 augments survival
during polymicrobial sepsis by decreasing autophagy and enhancing
phagocytosis[J]. ] Immunol, 2017, 198(3): 1253-1262. DOI: 10.4049/
Jimmunol.1601745.
TEOR XU | CABAE | 45 | 1 S Bt NETs 5 60
AN AAN LA [0, AErh B R 23R (B3R , 2025, 54(1):
129-136. DOI: 10.3870/j.issn.1672-0741.24.09.001.
Cornelius DC, Travis OK, Tramel RW, et al. NLRP3 inflammasome
inhibition attenuates sepsis—induced platelet activation and
prevents multi—organ injury in cecal-ligation puncture[J]. PLoS
One, 2020, 15(6): €0234039. DOI: 10.1371/journal.pone.0234039.
Stanojcic M, Vinaik R, Abdullahi A, et al. NLRP3 knockout
enhances immune infiliration and inflammatory responses and
improves survival in a burn sepsis model[J]. Immunology, 2022,
165(2): 195-205. DOI: 10.1111/imm.13427.
(ki H A - 2025-06-26)
(Ao - DR skAs3E)



