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Research progress on pyroptosis in sepsis-associated encephalopathy
YIN Yue ,DUAN Yushan .WAN Xiaohong”“
(Department of Critical Care Medicine ,Second Affiliated Hospital of Kunming
Medical University s Kunming »Yunnan 650000,China)

[Abstract] Sepsis is life-threatening organ dysfunction caused by a dysregulated host response to infec-
tion. Sepsis-associated encephalopathy (SAE) is one of the common complications of sepsis patients,which can
be seen in 70% of sepsis patients,mainly manifested by sepsis-related cognitive dysfunction,and its pathogen-
esis is complex, mainly including mitochondrial dysfunction, oxidative stress, neuroinflammation, autophagy,
etc. Pyroptosis is a special type of programmed cell death that is involved in the regulation of inflammation and
immune responses. Neuronal pyroptosis plays an important role in the pathogenesis of SAE. This paper re-
views the pathologic mechanism,physiological mechanism,related signaling pathways and potential molecular
regulatory mechanisms of neurons pyroptosis in SAE in order to provide the new ideas for the prevention and
treatment of SAE.
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25 MLIE % R R DL B SRRE MR R T IR 45 6 5
BALZE MR Z K 2 pyrin G5 H 3 (nucleotide-
binding oligomerization domain-like receptor family,
pyrin domain-containing 3, NLRP3)""", 40l NL-
RP3 4% Fh sk Y A1 5 2 2 73 1 (pathogen-associated
model pattern, PAMP) F 4 473 #H 3¢ 4 X, 43 F (dam-
age-associated model pattern, DAMP) 4 7%, # 15 19
NLRP3 5§ T-AH CHE s FE A 1 45 6 R S5 3 2F b A 2
R A& G BT -1 (caspase-1) B & TE i NLRP3 %4 5
INE . caspase-1 HIf {4 8% U HIJE BTG 4 caspase-1 &
M. G & VALK D(gasdermin D, GSDMD) N ¥
HC By 3 43 43 DL B C i X N I 08 40 0 46 .
GSDMD # N i 5 40 M J% 1 % 8% A5 Bt LB (phos-
phatidylinositol, PD) # 5 , 7 4= £ B &L, I A gas-
dermin #IE”, [FF, %P caspase-1 YJHI AT 41 A
4 % (interleukin, IL)-18 #1 IL-18, JE Bk #4 iy 1L-18
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TEAR & B 40 i 5 T2 3R 42 1, caspase-4/5/11 i {4k
B AR B 40 M 5 ig £ B (lipopolysaccharide, LPS)
O = AN | A5 e A N 7 NI S QS N R T i
caspase-4/5/11 Y] #| GSDMD 5| &4l 1=, 5
caspase-1 /A [A], caspase-4/5/11 A Rg H 4 Y # 5i 1k
TL-1B A1 TL-18 , T2 i 3% NLRP3/ & A K &
il 2 A8 4485 g ) 240 B O T AH OC B SRR 2R 1 (Apopto-
sis-associated speck-like protein containing a caspase
recruitment domain, ASC) /caspase-1 il % [8] #1555
IL-18 Al IL-18 B9 s R RS
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B G R AN AL RN B ST T A L ok R B
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K A 5 2 (dexpramipexole s DPX) Jf& —Fi
LRARPR R, B e 4y 38 3 Il s 5 e | AT v £k
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B ) FE A BB BT S, E A DPX AR B af
PR 98 D LRI B 2 5247 fR 15 DRP1 Al OPAT B
ISP A7 30/ B S b NLRP3-caspase-1 #fi #:
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. ROS #IA R & NLRP3 & /N A #03% f 36 7]
5% o K Z 40 NLRP3 fll 39 v DL 5 ROS 7=
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M35 A% 27 3 S 25 H 2 E A NADPH 4R AL, 75 /) B
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5 R . NADPH A AL 2 1% 62wk 2> 1 8 45 M il
BB NLRP3 ()3 35, T4 1 Bt il 24 b XS 7
BRI i B 5t v NLRP3-fi 40 45 1 A B A JH L AH 7E i
i Ik P B A UL B 2 B 4 L X R W 4R LA i ROS
FE NLRP3 4 /MA B0 o HAT LU S 1R
A NADPH %A AGHG 4 7T LUJR 1 1R 55 B b el B 5 7%
B 1A(carnitine palmitoyltransferase 1A, CPT1A) #
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T — 2 T R 2 A AR 1) 235 ¥4 R Ty BE 8405 . N T T i
TEER, TR RAR B ROS & — Fl 5 35 405 40 5 Y
TR RE I TS NLRP3, NLRP3 RGE/MAE A LLE
T B AR 6 4 A PR T (i TL-1R) O B4 9 48 0E I .
ROS ¥#7% NLRP3 4 E /A 1 5 VI AL 1% A 2, vl
A 8 1k B B B A2 5 S NLRP3 %4k, Bl ROS
i Toll #£3Z 1A (toll-like receptors, TLR) iH 5. # 7i&
55 I F-kB (nuclear factor-kB, NF-«B), ¥ 1 I 4
NLRP3 F1 IL-18 Wy ik . 810, A W 5 it 5 ROS
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NLRP3,caspase-1,GSDMD,1L-18 I 11.-18 it 3¢ ik 1%
I A T NLRP3 # i 3] MCC950 fil caspase-1 411
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K& %E H Bl (high mobility group protein Bl,
HMGBD i@ 84 50 {H 330 28 4 56 15 T % Mafl
Wik, Mafl & RNA REH I fRsF il i, &5
iR RNA R 25 W46, 538 RNA
RAm I (RNA S BT 750 i 5 . Mafl £ 1
g B [ B ML) RT BE 2 Mafl i3 R ik F H %454 NL-
RP3, il NLRP3 4 fit /N (1 T2 1 Fi A 5 A ot iy B
Jis Mafl 38 i B #2454 3 NLRP3 (1 )3 8+ X 8Ok 40
il NF-xB/NLRP3 4 it i 4% » DA 0 5 4 i s -
5 HEHRETS5RR

20 e — e BE LR ST Y A0 A A iR AR L
Rof i AN DA 2 1Y) AN 5 2 1% B 1) e R R Y 4 B R 4,
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B WA A RS, G B v, B S Bk 2 AR AT
Feff . HAT, C &I H M 5 ERGe R  f 2B 1T
9o o LA e 950 9 9 55 4% ol 2 %) g B X A B o R
JIZ A OG . H WA R FE 8 23 9 caspase-1 BY I
6 AR TL-18 A0 1L-18 F43- 0 » LA K2 41 Jid Hh o) BE b 1
2RI A BRI LRI R DNA 40k 25 v, k]
U, W T e i AT e A —E AR PR T Al A
W J52. 1717 2 144 5k 9 i 20 it DR 7 KO I 42 5 ik A E AE T
B NN R E U Y S B RUR IS o TR NS L S
T NLRP3 MO PR R4 . Ny 1 ik — D IR IR B AE
o | 2 A DA N T A B A5 o 40 A TR R T OG R
LET %Y i 5 CLP #57 SAE /N RUBEAY L % PR N i &7
(probenecid, PRB) 4k B J5 (19 /)y B oG 1z 5t 21 20 6 A
K 4t B HE 50 25 L . 20 B A 4 2 PR A T A6 AR R 2%
fift s BET-HH I HE [ caspase-1.caspase-11,ASC., 2 X
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Il /%55 3- 1 9 LAE Tt ML L mT g J& A PRB T
P04 pannexin-1 & [ 235 , i — 25 J00E SR 05 R AR 17
PO B R AR B IR A R T, R e S A
W ARSI RIRYS SAE /N BUE BT B W ) 3-H
HERRIE IS (3-methyladenine, 3-MA) J5 23 7% 4 58 45 4
KW ES. DB REBHAMMARET IS5 T
/NERCSAE 8k A IF B W AT R0 A0 AR T R
AL PE AT AN [ W AT BE Sl SAE B9IA YT SR A L
6 HWMEWMmETS%ET

LR T S 2 (aldehyde dehydrogenase 2,
ALDH2) AF 2 — i Ae fifi | O JIE | fiki 70 H At 20 21X rh 3538
B . AT DL il & EAR BT Y 498 B -2- T 4% I (4-hy-
droxy-2-nonenal ,4-HNE) , B&AIK £ 1 K 2 AT ¥ 18 4
A 1. Bl 2D A8 Ak R B, 40 NLRP3 1Y i3 2 A i
T R R A 51 Y A i R o 4R Ak
25| K ARAE TS O 35 RR A A0 45 2ok A Ui 40 | R 2%
SIS RS Y TR N WA N R = I 1B 1) S N PU)
ALY Bl 4 B 2 (prostaglandin endoperoxidase syn-
thase 2, PTGS2) & — i &AL Yyl . v] FHAVEERFE T 1Y
RS . S BEH OBK it Ak B 4 (glutathione
peroxidase 4, GPX4) EERIL T 1Y B A 755 I+, AT LU
B4 T RN A A8 )5k TG B ) B A L O I
Ml B sE T, BE B AL R (N R 4-
HNE) AT i f A0 45 Wi 76 P9 A9 41 20 8% 5 ™ =050 .
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DH2 HE 1 =2 88 hn, /N UL 8V 0 il 7 9 1
ROS 7K F ¢ 4-HNE 4 1 £ ik FE AL, 41 818k & & A
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ALDH2 B9 IE I 78815 i NLRP3 ., caspase-1.
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DH2 & A] # il 40 M £2 7=, SR MCC950 # il NL-
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T T 5 | AR A0 20 20 B 0005 P R A B A
7 INEERZE
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B ROS J& — Fl 5 451405 #5619 4> T 455 2, BB
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5% s g B — BT R H R B AT S RE 2
[E1] f 2 DI 2R L R I 75 L O 22 A F 9 R R0 4 e R
T B AE SAE T AEVE L T HRE A B 2R
J7 7 % ikt SAE B G R TS .

S % ik

[1] SINGER M,DEUTSCHMAN C S,SEYMOUR
C W, et al. The third international consensus
definitions for sepsis and septic shock (sepsis-
3[J].JAMA,2016,315(8) :801-810.

[2] ANDONEGUI G,ZELINSKI E L,SCHUBERT
C L, et al. Targeting inflammatory monocytes
in sepsis-associated encephalopathy and long-
term cognitive impairment [ J ]. JCI Insight,
2018,3(9):€99364.

[3] ROBBA C,CRIPPA T A,TACCONE F S. Sep-
tic encephalopathy [ J ]. Curr Neurol Neurosci
Rep,2018,18(12) :82.

[4] CALSAVARA A J C,NOBRE V,BARICHEL-
LO T, et al. Post-sepsis cognitive impairment
and associated risk factors:a systematic review
[J]. Aust Crit Care,2018,31(4).242-253.

[5] BARICHELLO T, SAYANA P, GIRIDHAR-
AN V V,et al. Long-term cognitive outcomes
after sepsis: a translational systematic review
[J7. Mol Neurobiol ,2019,56(1) : 186-251.

[6] CATARINA A V,BRANCHINI G,BETTONI
L,et al. Sepsis-associated encephalopathy: from
pathophysiology to progress in experimental
studies[ ] ]. Mol Neurobiol, 2021, 58 (6):2770-
2779.

[7] HE X,FAN X,BAI B,et al. Pyroptosis is a crit-
ical immune-inflammatory response involved in
atherosclerosis[ J ]. Pharmacol Res, 2021, 165
105447,

[8] HSUSK,LICY,LINIL,et al. Inflammation-
related pyroptosis, a novel programmed cell
death pathway, and its crosstalk with immune
therapy in cancer treatment[J]. Theranostics,
2021,11(18) :8813-8835.

[9] GALLUZZI L,VITALE I, AARONSON S A,
et al. Molecular mechanisms of cell death:rec-
ommendations of the nomenclature committee
on cell death 2018[J]. Cell Death Differ, 2018,



3494

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

25(3):486-541.

ZHAO C,ZHAO W. NLRP3 inflammasome:a
key player in antiviral responses[J]. Front Im-
munol,2020,11:211.

RUAN J,XIA S,LIU X,et al. Cryo-EM struc-
ture of the gasdermin A3 membrane pore[]].
Nature,2018,557(7703) :62-67.

XIA S,ZHANG Z,MAGUPALLI V G, et al.
Gasdermin D pore structure reveals preferential
release of mature interleukin-1[J ]. Nature,
2021,593(7860) :607-611.

AGLIETTI R A,ESTEVEZ A,GUPTA A,et
al. GsdmD p30 elicited by caspase-11 during
pyroptosis forms pores in membranes[ ]J]. Proc
Natl Acad Sci USA,2016,113(28):7858-7863.
DING J,SHAO F. Snapshot: the noncanonical
inflammasome[J]. Cell,2017,168(3) :544.
ANGAJALA A,LIM S,PHILLIPS J B,et al.
Diverse roles of mitochondria in immune re-
sponses: novel insights into immuno-metabo-
lism[J]. Front Immunol,2018,9:1605.

YAN W T,YANG Y D,HU X M,et al. Do py-
roptosis,apoptosis,and necroptosis (PANopto-
sis) exist in cerebral ischemia? Evidence from
cell and rodent studies[J]. Neural Regen Res,
2022,17(8):1761-1768.

ZUO Y,YIN L,CHENG X,et al. Elamipretide
attenuates pyroptosis and perioperative neuro-
cognitive disorders in aged mice[ J]. Front Cell
Neurosci,2020,14:251.

ZHANG Y, FU Q, RUAN ], et al. Dexpram-
ipexole ameliorates cognitive deficits in sepsis-
associated encephalopathy through suppressing
mitochondria-mediated pyroptosis and apopto-
sis[J]. Neuroreport,2023,34(4) ;:220-231.

YU R,LENDAHL U,NISTER M,et al. Regu-
lation of mammalian mitochondrial dynamics:
opportunities and challenges[ ] ]. Front Endo-
crinol (Lausanne),2020,11.374,

NEEL D V,BASU H,GUNNER G,et al. Gas-
dermin-E mediates mitochondrial damage in ax-
ons and neurodegeneration[ ] ]. Neuron, 2023, 111
(8):1222-1240.

MA M W, WANG J,DHANDAPANI K M, et
al. NADPH oxidase 2 regulates NLRP3 inflam-
masome activation in the brain after traumatic
brain injury[ J]. Oxid Med Cell Longev, 2017,
2017 :60576009.

MOON ] S,NAKAHIRA K,CHUNG K P,et al.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

FTREF 2024511 A% 53 6% 224

NOX4-dependent fatty acid oxidation promotes
NLRP3 inflammasome activation in macrophages
[J]. Nat Med,2016,22(9):1002-1012.
HOWRYLAK ] A,NAKAHIRA K. Inflamma-
somes: key mediators of lung immunity [ ] ].
Annu Rev Physiol ,2017,79:471-494,

REN C,YAO R Q.ZHANG H,et al. Sepsis-as-
sociated encephalopathy:a vicious cycle of im-
munosuppression [ J ]. J Neuroinflammation,
2020,17(1) ; 14.

FU Q,WU J,ZHOU X Y, et al. NLRP3/ca-
spase-1 pathway-induced pyroptosis mediated
cognitive deficits in a mouse model of sepsis-
associated encephalopathy [ J]. Inflammation,
2019,42(1):306-318.

JING G,ZUO J,FANG Q,et al. Erbin protects
against sepsis-associated encephalopathy by at-
tenuating microglia pyroptosis via IRElalpha/
Xbpls-Ca”
2022,19(1) .237.

MACHTENS D A,BRESCH 1 P,EBERHAGE
J.et al. The inflammasome activity of NLRP3
is independent of NEK7 in HEK293 cells co-ex-
pressing ASC[]]. Int J Mol Sci,2022,23(18):
10269.

ZHAO Z,WANG Y,ZHOU R, et al. A novel
role of NLRP3-generated IL.-1beta in the acute-

chronic transition of peripheral lipopolysaccha-

axis [ J]. ] Neuroinflammation

ride-elicited neuroinflammation; implications
for sepsis-associated neurodegeneration [ ]J]. ]
Neuroinflammation,2020,17(1) :64.
DUMBUYA ] S,CHEN X,DU J,et al. Hydro-
gen-rich saline regulates NLRP3 inflammasome
activation in sepsis-associated encephalopathy
rat model [ J]. Int Immunopharmacol, 2023,
123.:110758.

SULHAN S,LYON K A,SHAPIRO L A,et
al. Neuroinflammation and blood-brain barrier
disruption following traumatic brain injury:
pathophysiology and potential therapeutic tar-
gets[J]. ] Neurosci Res,2020,98(1):19-28.
ISLAM M T,BARDAWEEL S K,MUBARAK
M S,et al. Immunomodulatory effects of diter-
penes and their derivatives through NLRP3 in-
flammasome pathway: a review[]]. Front Im-
munol,2020,11:572136.

CHEN S, TANG C,DING H,et al. Mafl amel-
sepsis-associated
suppressing the NF-kB/NLRP3 (T #%5 3500 71)

iorates encephalopathy by



