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Research Progress on Sepsis-Associated Encephalopathy and Macrophages:
from Pathological Mechanisms to Precision Therapy

DU Deren, HUANG Qian*
(Department of General Surgery, Jinling Hospital, Affiliated Hospital of Medical School, Nanjing University, Nanjing 210000, China)

Abstract SAE (sepsis-associated encephalopathy) is the most common and severe neurological com-
plication of sepsis, with high incidence and long-term cognitive impairment frequently observed in survivors. Its
pathogenesis involves complex mechanisms including systemic inflammatory response, blood-brain barrier disruption,
neuroinflammatory cascade amplification, oxidative stress, and gut-brain axis dysregulation. Macrophages/microglia
serve as the core node connecting peripheral immunity with the central nervous system and play a pivotal role in
SAE pathogenesis. This review systematically summarizes the pathophysiological mechanisms of SAE, highlight-
ing the central role of microglia in neuroinflammation initiation, blood-brain barrier disruption, synaptic plasticity
impairment, and gut-brain axis regulation. This study also reviews precise therapeutic strategies targeting microg-
lia, including microglial depletion, suppression of microglial activation and pyroptosis, and modulation of cGAS-
STING, EZH2-AKT2, RasGRP1, and PDK4/NLRP3 signaling pathways. Furthermore, this review analyzes the
current status of clinical biomarkers for SAE diagnosis and the challenges in clinical translation of targeted thera-
pies, such as blood-brain barrier permeability, therapeutic time window, cell specificity, and patient heterogene-

ity. Future research should leverage single-cell multi-omics to elucidate microglial heterogeneity, develop specific
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targeted delivery systems, and conduct rigorous randomized controlled trials to provide novel strategies for precise

diagnosis and treatment of SAE.
Keywords
barrier; targeted therapy

JH B AE (sepsis) T2 ELE BB GL M 5] K 3 e
RN AR, AT 5 B2 4% B Th BE B AG 25 5 R 1Y)
KA, ABRAERR BT 4 9007561, HILE S
15 20%~30%, #&FAE W 4799 55 (intensive care unit,
ICU) B F LTI B E R R 2 — U IREEREAH Ik
(sepsis-associated encephalopathy, SAE) & fi¢ 5 WL H.
I RGO OE, KA T0%MIICU Bk #AE
BFBTEY . SAER)IRARI A A Rk, v
MR R E IR . SRR R B RRE,
I H 5 MR S H R AR B F L. ke
i SEAE IR R 2 BB R 8 B K A D e
BRRG, EEERBUNICZ 0GR . RN R ST
LI 32 400 S AR FE AR S A 2R ARREAR , 7™ B R ) A6
FR TG BT,

SAERJi BLAE BRAE LR BON R 2%, E2W M4
B RFEN I B (blood-brain barrier, BBB)if
BEPERIIN . WA RAERITBOR . BRI . 2
RLAR D REREAT . A2 ot 25 L S T B 1 — i el 2k
WEEZ AT, E R T /M o 5 A p
2R G RI R IEAE , #4 B SAES B 2% ) % 0 Y
Koo BUAREFURET, 1240 M HF A 0 57 8 Ak e v
DI 5240 0] 3025 0 ) 1 28 9RE SR B S I, 3 1T HE 2))
SAEJ PR ) AN AT 387 [ JE 2

5 20 i 0 4 5 S T KR 2 R G R [
H G2 20 0 BN B J5E 40 B (microglia), DA - fifiidk I
T4 M AR 1) A% /B RAE FEAEFDIRES R, )
JR S A L DA SR T R 4 I M OA S S . fEK
B BEORAT T, X Le otk B, TSR AN
PR A, JF BB R A T A W R A 25 4 S
THIABBB 78 B 11 45 22 R 422 5 i 40 £ 1 R0 1,

S N SAEIE B /& 3 A FTliR, (H
FARHLETIANER G, H. 5 FT A R N5 20 P
BT AN S5 A T R BT B, 1) i A e A T T 2K
Phlk. G, AL B 7E 1 IR SAE )5 3 A L 2A]
i SN T AR S SAERT AR R R &R . BhAh,
PATIE LG 7 IR T ] /) i ot 24 L v e B
W FLE AL 5 7 A R R TR 42 A SAE S W N

sepsis-associated encephalopathy; macrophage; microglia; neuroinflammation; blood-brain

B3 BRI TR, o p ) DL, L T 9 ) PR B 4
TR SAEIRTT SR [ B 25 1A

1 SAERRIEE IR HIEEA
1.1 £BRERNSHERENBE

SAEMI KA UG T 40 G 51 04 B 50E IR
M ZEAAIE (systemic inflammatory response syndrome,
SIRS). 77 J A& HH 2% 73 115 20 (pathogen-associated
molecular patterns, PAMPs), 4155 >4 [ R4 B 41 it B
%57 B % B (lipopolysaccharide, LPS), DA A4 45
3 J R T 543 A 9% 43 715 3K (damage-associated
molecular patterns, DAMPs), #% [&] 4 4 % 41 il 2 1H
HIHE 20 IR 71 52 4 (pattern recognition receptors, PRRs)
W, AITEGE T#E 5 I N M. Toll#: 3244
4(Toll-like receptor 4, TLR4) & iR 7] LPSH 3= £ 52
A, FBE I 8 I BE R 4 AL R - 88(myeloid differ-
entiation factor 88, MyD88)IK i 14 i& 1% , IG L A%
“F -«kB(nuclear factor-xB, NF-xB) 1222 5 iHtk &5 A
P4 (mitogen-activated protein kinase, MAPK)if 4,
7T KBS R0 A 7 AR 7 1 7= A B FE
JRE YR BE R - -a(tumor necrosis factor-a, TNF-a).
4H a2 - 1B(interleukin-1p, IL-1B). IL-6 2 BA%4H
fui&ft % A -1(monocyte chemoattractant protein-1,
MCP-1/CCL2)% 3, 3 5% i A JiR AW i T 71 &
M, EA R T R 2 KRG G . B
FH, k2% M (choroid plexus) & 4h & 2 FEAS 5 NHK H
HET . ShimadafF "R B, /N RIEIEES LPS)S,
AFAE Tk 28 L 1 5 e 2 g D 2 25 3R IR TL-1B, 2%
JRAHML R #KIECCL2. CXCL1, CXCL2XIL-6, I
HL iz I\ Rz 40 it R R X e A R 1 e HL Az AR
X —RIHE TR T Ik IAE 9 N d5e 5 mie) J87 4 B 98 R
HIEAT, fESABS R HL S FEH B oC H 2L,
1.2 [MAXFREINRERERS

BBB /& Hi figi 13 ML & P B 40 i 3 o 5% I
(tight junctions)FH FLIEHE, HME BT 5t 4H i 2% 2 Fi
Je 20 BT TR R ) BT v BE S SR (R Bh A B e ), 7
PRFFRERA T, PEH () 208 B 1 R0 B 7 ) B4
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VBT o B L5 PN R 40 P, AT 1 SR % i 4 B
[ occludin. claudin-5. ZO-1(zonula occludens-1)]
21K, T EBBBSS M4 AR I AL E 7 14 3 el

25 R A4 Th RE B A5 7E BBB 47 R 45 G BEAE
H . Haileselassie®s V78 & B, B 250 2 W00 I
W Bl 18 A9 2K 1 1 (dynamin-related protein
1, Drpl), fif H 3k N 28k 44 3 5 280044 7 24+
1(fission 1, Fis\)&56, 51 & E AL, 35 10 A5 R i
I e b i e A . mAEH PT10Z5 %) BT Drpl 5
Fisl 1454, WIReH e 21X —4i4, Y= i i b
BEDifE. LAh, P2RXTSAR(E 58K IR S 522 i
B RAE I . Wang®E UHIESE ) JHREEHE /S B A
T 5% LB I/ Do 40 M SR AR I G, ML
PN R 4 P2RX 7305 J§ CXCL1ERIEKFHE hn, i
i Mac-1(CD11b/CD18)FH 4 [ 40 i 5 1A Bz 48 it 386 B
(ICAM-14+5), Bk - CX3CL1ERIX, fil R /NIR
1 {0 ) 45347 5 A I A
1.3 TR SR AT B M AR IR

FHEE T ) B A4 R0 5 ik o] B4 (1) B IR 22 SAE
FEFF AN F T REFERG A B R . PR RAE. A
ORI, Derr PR X e 2 ARG 55 2 R ZR 3L (A
ER, Bl RERRDIRERERG . 5 A2 25 SR 1 A0 40 il 07
ol M, A& FEMEATTIT I, IRt 5T
R, TR fbohs A 25 ) 45477 A 2 JT AE T B Dy i
K FEH 55 (long-term potentiation, LTP) /& 5% > Flid
R BER, T AESAEH S 2 R FLTPAZ 1 54
HIIhRE RS B AR, Huang®5 "% I, LPSi% S
() SAE/IN it At Fk 5t B, A e 4 P ] o s o . 1fm 7
RAE, It H BRI R A O, [R5 0] ok R bk
EVER R A IR EVE B A o X M e IR R i i IS 47 9% 44
ORI CE R 8 T SAEA £ 2 1 47 1 B LA 1) 2
it LiSECOE— D4R H ol BB il — 0 ok 15— i (skull
bone marrow-dura mater-brain, SBM-DM-B )% ] Hk
&, KIS0 mWELAN A v i e ik B R A
Mttt EIE R /N AN . ok o b TR A
i SRR o B [ M A4 i 8 P RT3, A 3G SAE /)
S IZ S AN RN D RE -

2 ERELRR/ N BT SRR A L

2.1 EREARR/ N FRARBRRORE SR
SABI P4 () LA MU 7 5 A PR SR IR - /)

T £ R B ) Y BTN /R 4

RTINS R LR A M, fEM IR R B R R E A
TR RS, 205 % A 4R A 10%~15%
HAFr AR B HE B S 45 A IS L #8731 1(ion-
ized calcium-binding adapter molecule 1, Ibal). i fix
85 119(transmembrane protein 119, TMEM119) 2%
IKF-RIE ) CDA5 . HM A Bk /B 40 M ok U5 T &
Bl T4, £ CCL25 b R+ 51 5 F it ig ik
() BBBRE NI S, 8 5 7K1 3215 CD45. Ly6G-
F4/80 &t CD68% b5 541

FERR BRI AE T, # ERAS T /NI BT 48
WARH BT, TS 57 SOIRFE AR A RTK R, 41
ARG R SRR, REIGTE T B X,
BOm i 2 H1 2 A PRRs AT, BRZE LK) TLR4/NF-xB
AL, NODFE A2 f& (NOD-like receptors, NLRs)+
RIG-IF 5248 (RIG-I-like receptors, RLRs) N I R &
H - & R — P2 E R - (cyclic GMP-
AMP synthase-stimulator of interferon genes, cGAS-
STING)i# 2% /R 2 5 %00,

2o MIT/M2 AR AL AR AR (1 1) ) 2 B A
W ERAME TR E R . MIA (ZMEER)E
M6 2011 Ff E Th1 2 40 i DR 7 TR N-y Al 42 40 7= ) LPS
7T, mREE T —H A S5 (inducible nitric
oxide synthase, iNOS)FIIL-12, P24 K& — A LA
(nitric oxide, NO). & %A (reactive oxygen species,
ROS) S A &K 40 LA 7 (TNF-a. IL-1B. IL-6), /™5
SR 98 R REEY . M2 B (B ARIEE B B R 4 A R
Th2BY 4 IR T IL-4 R TL- 1315 5, EZ A4l
A 7~ IL-10F1 5% 46 A4 K [K] 7~ -B(transforming growth
factor-B, TGF-B), 1= IA KSR ML -1 (arginase-1, Arg-
DFIH #&2 B8 244 (CD206), 1TEAR N KIESTR IR
M v S gk 4 2ME 2 R DR

FE SAE R B, M1 S W40 B / /)N e Jog 4 i
AT, O BEE AL T B AE R T B A
JCAR A BBBREIA 1) = EE R K . BEE R, Bl
e NARAZ BT 98 e B 25 B AiE (compensatory anti-
inflammatory response syndrome, CARS) B¢, i
M2 BY 24 g bl A7) b - DT 0 1) 580 IR B s 1)
SR, IXFP B P AT 7E SAEH 4 ™ ATk . M1
T BT R 2451477, M2 D R SR 3 B AE
T B AP
22 WERESMIEETFRE”

T M1 S R AL /)N 5 40 e ik NF-B
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Microglia in
the brain

M1 microglia
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Functions
Pro-inflammatory
Antigen presentation

Tissue injury
Neurotoxicity
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TNF-a, IL-1B, IL-6, IL-12, IL-23,
IFN-y, CCL2/MCP-1...

Functions

Anti-inflammatory
Phagocytosis
Tissue repair

Neuroprotection
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IL-10, TGF-f, IL-4, IL-13, BDNF, NGF,
GDNF, IGF-1...

LPSHIIFN-yi7 5 /N I 52 40 i )M B A Ak, B 28 P (TNF-0 IL-1B+ 1L-6%%), RIFMR K. PR L /EH, A SAELUER Kb & d ik,
IL-3. IL-4. IL-10. IL-13RITGF-Bi%5 5 H MR Ak, BT 4 K F-(IL-10. TGF-B&) R4l 28 37 K F-(BDNF. NGF%%), KIFHL K. FWE.

ALEE KA RN .

LPS and IFN-y induce microglial polarization toward the M1 phenotype, resulting in the release of pro-inflammatory cytokines (TNF-o, IL-1p, IL-6,

etc.) and exerting pro-inflammatory, antigen presentation, tissue injury, and neurotoxic effects. In contrast, IL-3, IL-4, IL-10, IL-13, and TGF-p drive

M2 polarization, leading to the release of anti-inflammatory mediators (IL-10, TGF-, etc.) and neurotrophic factors (BDNF, NGF, etc.), thereby exert-

ing anti-inflammatory, phagocytic, tissue repair, and neuroprotective functions.

E NERFREAREMI/M2AR AL R B K B T REFHIE (AN El i Figdraw#2 1)

Fig.1 M1/M2 polarization phenotypes and functional characteristics of microglia (this image is drawn by Figdraw)

MAPKFI Janus# /(5 5 ¥ 315 5 10 B K2R
TNF-o. IL-1BATIL-6%54 %/ i . TNF-on] B
LU T 18N BBBIE & 1 I ) b i
JoR A MR A SE A R 5 TL-1 B2 2 52 m N e fi — A4
—'5% [ % (hypothalamic-pituitary-adrenal, HPA)4H, 5
Bk # IL-6Mii I [ 25 5% F (trrans-signaling)i&
BRIEAERAER 2, JiangE P50 R BL, i FEPEHD
il IL-6 S 3045 5 5 5 11 sgp 1308 1 B 98 [K] 77K
-, 22/ BBBIFREIA AL RIS, I3 B A% / Bk
SR M A A M I A, R AR T IR ERIE /D
AR AN A EN DR . Bk gE AR s A 1
CCL2 ] 45 4 Jo] S 24 ) o S B A%, ) Jlpi 2
RNE BB IE R B2 YuSr U 2 g B4 S
RO T/ A0 M AE SAEH A% O I A HL AT

TG A JORE . FAbAL IS . I BE R e e L Tl
MRARAS SRR T e S i — ol 55 OGS BRI
R UL/IN R 5T 40 B A B AR SAE YR TT SRR S i 1 EE L
FIFIR AR -
2.3 MAXFREREIR

L A I /70N B 5 4 L 2 BBBABEIAR v 4 0 B
TEF . —J7H, OB TNF-of IL- 1P E E4E T
IR N 2 4B, MR EIEEREARIE, 5
J7 T, B ERA A A E RS, S5 BOE R
ZIN R T 24 e R RE 5 I 4 J 2 11 B (matrix metal-
loproteinases, MMPs), WIMMP-2HIMMP-9, B [%fi%
BBBZE A K B R R
24 RMEKRSFEEMERS

AT DI BE A T o 448 19 245 v 0G Aff 110) % fih 32 2
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FNTE by SB % . SAEHT B WA M/ /1N I J57 48 M A = 1)
SR A3 473 32 B I P AL S - o B R A A B A
FLRR AT BEFEAT .

FEAEFDIRAS T, /N B 40 i o 44 & 4t (dn
Clq)bRic B bR 2 R I S, S0 48 (3] 2% kG 4 4k
BREE, LuZk "R, STING-C1qilil i/ F 1157+
RS S EE SRR R Z K, NTF
BN RERERS . AL, XuZERIE T K I, caspase-1
7 VX765 T ] GSDMD K& H V) # X GSD-
MD-NTHJEEIE , P/ ik A AR T, B A1 I 375 0 s Y TL-
1B+ MCP-1ARITNF-ou/K 1, F0i] /55 4 i A e 2%
fit BBBEAIAR , J4ERR T A v B34 [ LTP. Mein%s Y
(IR T 2 B, (R PLX5622(300 mg/kg)4b B A] i
IUL /AN 5 200 L 0 70 FE 2 (£ 40%), S 35 41 /NI i
RIS Tl 5 SR B AR S R, RN 2 S
P S00T 2 TR M5 240 B 8 A 40 11 02 1 390 /0 2 i 4 i
SEiE A, AT RABH L BREE AT iz A 2 A RN T e
IR . RIS S A 25 4 AR W B 5 0%, SRAE SR IR T
PSS D RE . TSR R A A/ /0 i 5T A R
TR 2 PR 5~ FH ROS AT -4 R fis iy it Jo P T8 45
H R e AR D Rel
2.5 -SSR IEE

B bR A7 AE T I AL 23 e /N 5T 4 L AE R E
Fm EURS A S LB 5, I8 B B
W5 7 RREIEAR S0 R B A . XG55 P
KIN, SAEK B T R A% 1 5 5 b B 41 i (imtes-
tinal epithelial cell, IEC)/MMAREIN, J5 & @it 175
Jii R BB B g B R i M AR AL, 5 B0 34 TIL-1 B3
JERRER, BEiM LA B AR T A5 S sc. 38
[ # 1 (fecal microbiota transplantation, FMT) A i i
PO 2 IE R F 0. IBA-13RIE. #HE 3 X6l
ST A TR R IR SAE K R 45455 . Pinite-
hun®s PRI 7L R A, D-2FFL0E AT 5/ B 16
BEZEL, RINEEEE ] (Firmicutes ) F1 AR AT 5 17
(Desulfobacterota) =& F#MK . AT B [ 1 (Bacteroidota)
FPEIE 1] (Verrucomicrobiota)=F & FF &y . 1% 1 #F
SRR A ] 2 IR CLP R BEAE (R B0 A7 o 3k —
TN, A B R 2R FLT I GG(Lactobacillus
rhamnosus GG)J-3E 18 1L H $2 7] HH X I8 156 A V015 P
7T RIEM AR ER, T2 i Y g 1 TR A -
T HAEM S IS BRI e R AL, (AR
SAEAA K47 -

3 $BEERRBa/ /T BRABARA T SAE

53R £ /70 I 4 PR A A A A ik B AH 5%
i H A% R T , RT R BRI AR TR T R AU
Z T T B, BELOT /0N i Joi 24 e 1 A B L
EE SR — RANVE B R B, v fE—E 2 b
U A RGUREIR S KA RN Th R R fig 2720, LT
XM, FRATTR G T B /N R AN i AE 2 W AR
I FH T A B9 BT SO 0 B i o PR T TR AN
3.1 NRRRYHREIERR IR AR

Mein%5 U0 A48 7~ T /N B 40 i 37 B 1
TGN o 77 PLX5622(1 200 mg/kg) 35
70%~80% /1N i J51 40 i 480 5 ke /D>, H PR 7 45 5 A
JA A% /B R A (T N, 2B CLPAR
JE B LPS5 5 980 /N SR T2 3 | . MR R &
PLX5622(300 mg/kg) R {5 /)N I J57 4 i i 5 A% 0 o b
29 40%, REAE R 1 5 fil 7 W R K H /0N e Joft 441 i 384 A=
NARZEHEREEP G, X— RN, 848
TEBR/NR R A0 T AE AR AR SRR, TS FE I TR
YA B T B T B A A AL
3.2 HDHIEELRpE//N R BRAABERY TR

R 28 /I8 iz T 200 L 3 A o 00 o) ol 28 4 RE (1) % i
M o K Z (minocycline), — VU KPR,
BRI K P R MR &R HE R, HALH 2
— B RSN R AN TS A . 7E— TG ICU
BHEMIBENL. WE R RRIE R+, 352K
W RIAIT (100 mg, B H PO EF A, 28 dN1E%
(1R A 23 B AG T2 ERI2H.(20% vs 35%, P=0.043)%,
bR TR E AL, B E AR ERR T HAL RS AT
NI RN BT BERI 25 . 514N, KRR (gastrodin) #f
UE B BEA% 38 1 #11 NF-xB/NLRP31{E 5@ 1%, fiEiE
Ji2 JoR 4 M ) 7 8 ) M2 R AR A, AT 9 4 28 9 E
kAT Y, A] 78 57T 48 il (mesenchymal stem
cells, MSCs) S H s A5 F7 Bt o R ITIE 7), '&
ATVaE e 55 23 WA R TBCHT 28 IR, U5 /0N I 4
FAY | T RIER AR RS e Ah, I AN i
5 4T A P s 20 BT I A AT R B, P B %R
/N JS2 5 400 P ) B B B AR N R AT A e
Jiod IfIL %5 PN 52 40 B (cerebrovascular endothelial cells,
CECs) /™ A 1) 98 ik A Jo Friglif o Rk, 52 HA R 0 9
BEL T CEC's (1) 355 A0 78 W] 0 1) /I Jz Joit 4 A P v B0
STINGIH % 7E B 4 900 5 T b 404 o R 4 0
MFRAVE R . LuZSEUWE 0 & B, LPSi% S ISAE/N U
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LIX E MR AR /7N e S 4 M o STING R A 23 Hif .
STING T ik v] i FE W0 /N 1R 5 4 P I 38 i kA
Claffmig 2 T B0 5 R Ad Kb, 20 LTP
Je Theta W1, 25 RINA DI RERENG . STINGH: 7
PEAHIFH C-176HE % i 35 Pk 52 5 fid £ & A LTP, FFk
FINFIIRE. X —KIHER T STINGHY SAEIN K1)
REFRAG (A 28 J1 6 TT #E A
3.3 HNHIEREZmAR/ N RV R T

FET: (pyroptosis) &2 7 M4 M AL T2 1) — Fi %
3\, H caspase-11]#] GSDMD(gasdermin D) N-iij$i,
17 o Huang®5 PR ST R I, TR B R Mot S G i 4 (py -
ruvate dehydrogenase kinase 4, PDK4)7t SAEH &
HEEEVER, & 4 (dichloroacetate, DCA){E N
PDK 441 751 PJ e i 1 4% ROS AR BRI 2 L s JiEE v £
I NLRP3/ T (1) /Nl 4B AR T, I8/ D #0228 oAt
T H OGS R ERIE /D BRI I BE . Gao % BHN & I A
i 22 T 6 5 4 M R M i 225 97 IR T (mesencephalic
astrocyte-derived neurotrophic factor, MANF)Z & 7K
SV e E R AR I NG 2R SR A 40 i R B T
# 4 A MANF(recombinant human MANF, rhMANF)
A] 38 i #1 ] ROS-GSDMDAK #t 1] /I 5 J53 40 g A2 T
M SAEM RIE AT N, Ak, Zeng%E P3I7E CLP
75 S SAE/N AR AL FRESL, NI FET S
cGAS-STINGH B I #OE B VI % . B cGASH)
siRNAEL STINGHI#I 71 C-176, REWEA RANH /N
AR EE T, PRARIE 5 X AR 28 0 DA 7K1, ATTT
HFINFIIIRE IR m AR AR R . ARSI 2 Fp A A 4y
MELFIZAAMIIL G, cGAS-STINGIE #4 1)BE (2 it /1N
JB T 24 e 1) MO A, , T A cGAS U 3 L ) M2
BUEAL | WM JRORE B, FIREE A MANIF 2 3
[FESE, cGAS-STING/E 5l B /& IR BN H 28 RAE ) R
. XU FILFEIE IS 7R B A/ /N R 5 4 A
FETAESAEIRYT I B EAME
3.4 ZREEMAA/NRRMEMMABERESHH
RER N

JH ERE AH AN 95 (SAE) s 38 AL 2 27 55 58 it A
TR R TBCE VIR G . {ESABEHH, &5 K
iE RN IE TSR A /N B A i MLV AL, AT
W FECT R RN REIG N, 45 0 R0E
DREE . DRI, A g AR /8 e S5t 4 Ao i 3 2
IR 2 S By 7 H RITRIFFE R H R

WFFEE ], IL- 152 AR FE 550 2 2 4] 1 Mg %

i PR 7K BN 5 4 B PR D e P g ), X 36 B BH
W7 TL- 145 = % T PTR 8  RE JROBK S N, AT 92> 7
AL Re 8 . AEfEE AT, A RIKER
WP VERE RN, E S REAE B AT /)N I 5T 40 B o
BRI 28 7K1 ek /N o 200 L 1 e 28 0 e
w36,

R IBAE i #5 [ T- EZH2(enhancer of zeste
homolog 2){E N PRC2E GV IV, i3 {4k
AR H3 5 270 2 B = W AL (H3K 27 me3)
FEPR e 3 . WangZE B7UR ) LR 20 O R 5 1k Ezh 27
BN R AR, R B Ok EZH2 RES . 25 4R e il RiE /s
BAETER, FERRARINTE TNF-a/kF, ek IL-105RE,
IR o A Bl AL Sl R R ROR , RIS
¥ Sigmoidin BHYIIE S N EZH2 & B BT . %5
TR R AR EZH2 T TEZH2-AK T25 5 4K,
YERp /N R MIARES , KA AR E . AN
540 P2 B R EILAT EZH240 ) 7 MS 177, S SAE AL [T
TR ft 7R RIE A A . MuSE PR TR,
20 B RE S SR Ezh 200 /N B, #E CLP A J5 R 30
W AT 2 7™ B (1) i /K i DL J BBBI T VZ B4R
FLHLHITE T N B2 EZH2 I B R B3R T 4 48 18 B
EsH), SRR EREAREERD . HEE
sk N M B A2 2B A . X
PTG T LR, EZH27E SAEH B M E HE £
HAEIER , AR 4 M 28 8 (1) Dy RE nT g A
IRAR S, $R&IR AR IRIVE I M 75 S0 v 1) B 1) A S
PE.

Ras & 1 B B iU & 1 1(Ras guanyl nucleotide-
releasing protein 1, RasGRP1)/& i RasZ % /)» GTP
B S F IR A K 7o Li%e PR IC R B, BREE A&
ALY S CLP/N RS B\ M2 217 RasGRP1
FIARE L. MUK E VR0 RasGRP1 AT & 25 Jk 2
LPS#5-F HIE R [ MAEAL N . RIRMEEY) LR
% /K& ¥)(catechin hydrate, CH)BE# 11| RasGRP 175
PE, TEAR A 4 RF BN IRFRAS, I IR #EE T 80
M2 s o X — RN A BE ] B 40 L 3
& BT A R A R R AL T B B s 2.
1 Jg BA5 R [ -1(stanniocalcin-1, STC-1)E N—Fhf#
L, WIS S AR RIS E (uncoupling pro-
teins, UCPs) KIEHL R FPLEAAER . FHEAN
STC-1(recombinant human stanniocalcin-1, thSTC1)

AT AN B S AR A AR A T, I B AR B fE
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PERGE, eAh, NOS2EER B 2R DL L P A NMDA
AR VE A, 35 mT e ) /0 i ot 4 B 98 0
97 R 5L I B i AH S I R A N I e R A 4
WO Z R 141 5 240 95 A - 2(nuclear factor erythroid
2-related factor 2, Nrf2) [Fl £ B A SRR 1EH .
3.5 ¥EIAEESEELE

MR DL BB AT, 3 1900 1 I A R R I B
Iri) 5 IR 4 PR /70N JE o A B ¥ T SAE ) SGBRHE 5 d %
S AT

4 IIGRFHCIRS Bk
4.1 SAEMIGRIZETINIR 5% 498549

SAE H Ak = RE 32 Wibr it , iR R
FE SR, R FRRLEIPE AP JORE S L I 57 P A

IR K& et 55 2 AT s A A, SRR IR
Y R R A R AL T N7 AV A E T ORa 8 /L Ak /bt
UL SAE S HATIE . B Ml K T f 0 i O B, %
T FIGRR TR & PPN IE T RO Kk R i
WA Gl Jey A E B AL = ME . U2 HA
W T TR IE (1 — Lo bR EAD (3R 2) o

S100BA [ & —Fh 3 ZAZAE T 2 T o 41 g A
it 73 A R A A A 1, 2 I R 2 A B 4
SUR AT, ST00B 2 M4 Ff HH R 5 H SR 2k N IfiL
TR, DRI A DA R A2 e e i 452 45 F1 BB Bl
M BUBERED . 2 TRGN AN ZE 50 M — BOIESE,
SAE R I IMLIE S100B7K V- i 3 15 1 Jo it 5 1 i 25
hiE B, I HH IR KPR B s
AR R,

&1 $BEERELARE// R BRARRIE T SAERY X5 S BB K T sk A%

Table 1 Key signaling pathways and therapeutic strategies targeting macrophages/microglia for SAE treatment

T T

Intervention molecules

F BN
Main effects

(ERcRiil L

Signaling pathway Core mechanism

cGAS-STING STING overexpression activates
microglia, leading to excessive syn-
aptic pruning through the comple-
ment Clg-dependent pathway

EZH2-AKT2 EZH2 serves as the catalytic subunit
of the PRC2 complex, suppressing
gene transcription via H3K27me3

RasGRP1 Ras guanyl nucleotide-releasing
protein 1 activates Ras family small
GTPases

PDK4/NLRP3 PDK4 regulates ROS and mito-

chondrial membrane potential

C-176""); siRNA targeting
cGAS™H!

Sigmoidin B¥”; MS17787

Catechin hydrate”

DCAPY; thMANFS?

Restoration of synaptic density and LTP,
improvement of cognitive function; inhibi-
tion of microglial pyroptosis, reduction

of inflammatory cytokines, and increased

survival ratel!**3-34

Correction of microglial polarization disor-

der, exertion of neuroprotective effects®’*!

Inhibition of RasGRP1 activity, mainte-
nance of macrophage homeostasis, and
attenuation of sepsis-induced multi-organ
injury®®”

Inhibition of microglial pyroptosis, al-
leviation of SAE-associated delirium-like

behavioral changes'?

%2 BHISAEIRKIZEEXEMIRSMR EZRIE, ImREX RS

Table 2 Main sources, clinical significance, advantages, and limitations of current biomarkers for SAE clinical diagnosis

bR E FERIR [i173-9' PesT Jri B

Biomarker Main source Clinical significance Advantages Limitations

S100B Astrocytes, Schwann Reflects brain injury and BBB  Early release, easy to Relatively low specificity; affected
cells disruption detect by other tissue injuries

NSE Neurons, neuroendo- Reflects neuronal injury Good correlation with Susceptible to in vitro hemolysis;
crine cells neuronal injury specificity needs improvement

GFAP Astrocytes Reflects astrocyte activation/ More specific for astro- Also expressed in peripheral tis-

injury cyte injury sues such as kidney
NfL Neuronal axons Reflects axonal injury/degen- Highly specific for axo- Relatively late elevation; expensive

eration

nal injury
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8 TC R 7 PRI AL I (neuron-specific enolase,
NSE)/& Wi B il i 4% IR S B g, 247 T4 T
HIBRZE N 73 AR, S A A AR 4E Te 47 1) 48
br&EW . WETFRIFER I, SAEEH L5 NSE/KF
T, S I B R RS RS A O,

Ji2 R 4T 2fE IR P 4 1 (glial fibrillary acidic protein,
GFAP)=Z B U B4 i) h a2 2 ), 4 2 TR R
I B RO B N, GFAPS R TR A1 e 4F o
I, 5 GFAPZKT AN N 2 S A48 12 J5 e L AT
T )R S P bR A

PHEE 22 32%% (neurofilament light chain, NfL) 214
A 22 22 (neurofilament) () F EV 5L, |2 A7 AE T4
ZICHHIR T . MR T Z I EUR A TR, NfL 2
o8 X THURE TS i A VRORH I, BRI LA A R S
A R 2R AT 1 AR ) 1 AR e 1 B AR bR
Y. FESAERFH 1, Joild MiE I 2 B i INTL
KPR E T, JF T m RS B KA
SN T e PG 2 DA K491,

4.2 $E/NEERBRIATT IR (LR

JE R & I PR AR FEAE S 1 B 1a) /) 2 J53 41 g
1697 SAEITE /7, 15 B A BT SRS 540 T I R FT B
B, 1A NARSAR I ol AT S TG 22K Pk . i Hu s
Fr4s 0, tour /N R 5T 40 L (196 97 18 A T 5 I R
BB B, XTI AR aSe H AT R b .

KA 2R 72 H AiTME—7E SAEAH G NHE T i
1 PR PR 1] /N RS SR 4B O 24540 - BR T IR ICU R 2%
WIS, KGR L P& RGP0
FIm AR oy HAE SAEHF N AR T 2% . AR
1M, KGR AR oA 21 B o] #5328
R TR RIS 24 P ) = A, LG X6 /)N e )i 240 o 440
PR S PR AT PR, 3K 2 Jry R A PR HE DR A i PR
H.

Foh AE SEIR AR A oh BORIT M Y, AFE
STINGH#7C-176. EZH2[%f#7Sigmoidin B+ )L
WERIKEWME, HATHIF B SLEH B. XL
I3 1 1) e R A AT Il DA 2 2205 AG . (1) I fix B e
HENE: 28Ny T 2 LA 25 i BBBRIA H
FXHE i, 75 BT R 2 A BBBE I e /1 AT A V) E g
KIBIERG . (2) WGITI A G . SAEN R A B
iffy 00 S TR AR, AN [ BB B i AN 7] 3 - AL | 3
Bl)o WA E I R S B HORS 1 i 2 B A va T I TR) 2 5
SETAMAA T, A2 I AR A T 1) EE R HERR . (3)

SIS : 0 EZHOBT SRR 1, F— 5 TAER
0 K5 e TR R IR AR S B . 4 5 sty
2T A SRR AT , 75 BTF R AT R
PERUREFIEI% RGE. (4) BRI IHRSAER %
£ T N 4 0 £ AR, X K
SRR TR SR T RS, B T IR %
PR et

5 RESERE

JHe T E A S 0975 (SAE) A& Bk 7 B 3 L ) 4
RGIINE , FTHEAR 52 DA WA /708 5 5 448 e
NGO IR A TR R N 28 e i o AL RGLER T
SAER A e it 2 rp 4% B SO0E ISE I 57 B A8 |
P2 JERESRIDETBOR I A mT 98 1 453473 K Jy — o el 2
WS 2 TR BEAL, B AR T /N T 4l AR
R ANE T S R A R G AZ O A, A
R A B LA BE B O R R . R AME BT 7
T — i A8 BRI SRAEE o ARSI MDA T SRS T T
NS TR A ML B TR AR R TIBH BT & cGAS-
STING. EZH2-AKT2. RasGRP1. PDK4/NLRP3%:
5 5 M RS e 1, /RSB b R B i s
INHITHRERRAS (1038 770 SR, bR S mg ¥ b F I PR
RO FCI B, L 1 PR % A ATY T W o P 57 B 3 325 1
BITI AN . AR AR e S R RS 2 &
Pk o

KK TG ST LUF 7. (1) RN
Y S R AIF AT . A 48 MIL/M2 43 A% 7Y 3k DL E
SR/ IN 3 I3 20 B A SAEAN [R5 BRI B 1) 3 45 Th R4
fE . {8 Bh s LM P . 25 ) s e e %
HEERE S ITHAR,, RAEENT SAEAMER. T2k
R BN TR AN B W RE 2L R o T & %
DIRe R A, BIRAAS [F) WP A AE 40 22 SORE T4 . Rfifz
BY KA GBS P R S EE R, B R R AR T
AT PR A AR . (2) [ BN R R AN
FRZE I B 2 A R ELAE AL . /IR R4l i
FR IO P R AR SR Am PR R TR S A S i
JOHL AR A 28 1ML A B o, JOAH ELVE A 7E BBBSE %
PEAEFF AR S s P E R E B . RRTFRNRA
NI AR S 3R g R S B[R] (1Y) 55 43 WAE 5 X 4
AR TP S F WAL T F AL, R o)A T P s 4
L SR YR P 2 RE A7 5 0 T 30 /0N Jise I 40 3 A £ TG
SN, AR /N 5 40 R P DR 7 s i R A R
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IEEFEVE R, AT A A0 B A J2 1 T 7 SAE$2
BUBEE . (3) K /NI 0T A0 R S M A v % R
Gro EPXTIUE T IF BA MR R AN 2 B AR
B S 000 ) 8L, 5 T R T /0 B o 4 PR T A S PR 2
(AT P2RY 12 TMEM119) 17 FE AR A 355 1 7 14 (4
TSR pHIE )R BEGIKIEIE RS, L2
TR AL XS RS e B AR ST 48 Bl . RIRT, SRR 5
I 57 B 3 16 SRS, AnAMIMA N T R FRIEE A
1B 2 SR AR 75 T It i B B S R, 3 e X 2
VIRFER . (4) @S SAE/NR G 40 IS4k 1T 615
BMA R HATERZ e 08 CEAR VAN /N R 5T 4H i 7%
PRZS BRI PR T, SX 2 7 ¥6 77 I ) T BRRG v A
SERNST R . G Iy 48 5 (I TSPO-PET/R I
FR ) 2RS0B3 2L AR b 25 (o Ak
JEL I 470 A 5 7 ) 70 5T £ LR 5 1 mi RN A
FB, M R W/ R 40 S AR B AR AS K
TREDIREII BN A VALK R, 9 SAERH RS HE ST =
ARG TT SR BRI « (5) HENHE 7] /)N R 5
Y MR IT BIG IR FL . T IR IS PR AT IEYE
IR T 5 T R P 1) Bl LG RN PR ARG, 3 AP A
KV R O NEEER 25 € SAERT 18 H A
Mt vt FR, @ AFEIRIREEE R 2 B &%
SAEZNPIAER (Ui & FE SRR I SAER ),
i van I PR AT FE A SRR . A, 75 SRV /N IR B
2 0 A1 A (314G G 5 240 RLE T = 977 40 H 0 X A
0 1) 9 L i 4D T i e 3 F8E S 2 o1 BT s R
IR XU

S, DL E R AL/ /N R 5 A0 Ay v R AR 58
S 7 9 265 4 SAE BEHLI 1A% O 3R o Bl B0
M2 41 5 TS A BOG R HE ) 3 3k SRR R PR K e
RSB /N 40 i A SAEH (I 25 B A8 4510 5 70
TN, TF R B A & R 40 A S P (R T T T
TN, H T REABUE LR 7 J2 1 B I PRAGAIE, H02 AR
SAERF 7t A3 1) 5 5 [, A5 B Ry ol e EEORE A
2 R G TS SR AT I Ee 5187 ¥
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