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1 MERERIE

WP RGN . R AN A
TS DR AR, I A e B E S Mg, AR
paysead )i g e sRiecy v i aR ST B 1d 1 i b /NG el R EZE
i, KIS A R 40 (central nervous system,
CNS)  H A A 2 240 /e S 240 L A 2 2 i i 4
PR, BRI AIEAN T (AN A 1 Fna b A
T) BRMAERAE " Wl T SO 4 R AE
AR P YI6e, AR THE TR It
AEF NI RRE s R Bl B O R 2 R
E 23 BN T BRI, 1 U 2T R £
Bk, I B RGN D T
K, KRN sLm: KGR SRR, ik
R RIE S Z A 1B P 2B A T M A R
WIEER SN (Alzheimer’s disease, AD) . WA FRJA
(Parkinson’s disease, PD). £ &MA#ft (multiple
sclerosis, MS) HI % 4L il [X %% (Huntington’ s
disease, HD) “50Y %A FIA RS DIFHOC 4o, #EaT
P28 9 AE A USRI Bl T SR A MRS 8 R Ge
SR R A FUR JEAIL (RIS AT R 28 90 0E T T 2
Yk
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/N T 240 M A 5T VI B B AL A, o ik 4
JL B 5%~15%, J& CNS Ay H SE40HE . 78 1E
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SIS N TR B N2, B BURY S WL T
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Yy EE 4y ML RVRIM2 B DY M1 R AL 40 i 2
I br i £ 2 A CD14, CDI16, CD32, CD40,
CD68 H1 CD86, rF=H:H /% (interleukin, IL) N
IL-18. IL-6, IL-8. JifJ& 3K %t I ¥ o (tumor
necrosis factor alpha, TNF-a) FI#a1k 72540 Kl
FRIFEAR KGRI FGE RAE, Tk B B Ry
FEAER TR Y M2 KA AR AR iE R
A CD206 HICD163, Hy"AERZHfIPH 1~ IL-10, IL-4,
IL-13 Fil ¥ 4k 4= K A F B (transforming growth
factor beta, TGF-B) 5 REH il 4 iF S v 18 & 41
41, EMPORI RS T TE AN B T 2 R R sk
I AE R R Z (0] 2 54, HZ2 i M25%h
M1 P72 A 2 R R BEPE SO, IR AR 2 R 52
PRI A
1.2 ERKEREE

I o 4 0 2 CNS m 3 i o oF 7 Y AR 2 e
FTAip, MZHZL . PRaeoe e S a3 R ER 73
IV B Ia 7E >, BRIC I B4t M fR 1 %R 22
T E TR E AL, PRI S M T
WEAE By 5 ik . TR B A A4 A e s 55y TR R 7
BER, RYEREIfR e 09 CHR AN M 2, 24 CNS
IR AR, ER R TN M 2 R A A A
DIRenyek Ay, RN GE . RAES BRI 2805 5%
ERH /S S | 1 ) @ IA i ot 3 DA 1) R

R 5 0 B B T 4 ) R R 3Rk 22 S Pl
Hor Rl AT A2 PRRRAY . BFSR B, RGEPE I
fle Z B (lipopolysaccharide, LPS) j=4: iy 45 48
neCIR7 AN RN A =913 i i TN L R
bk BEL 2 5 A9 A ke 1l 375 T A2 B s i B P R o 4
JL 2 ALY SO TR B A L N B SRR 2%
PP JE (histocompatibility antigen-2, H-2) . D [X.
B8 1, FMA C3 45 G i i AR OC B PR R Gk
REFTRI AR . b 4B R 5 S LT R
R TTAMIA T, RIAAMETEHAEH . A28
Doy P BT I ST A L IR 22 b 2 B R R - R 4
O DR R R 3Rk, anO WS R R A M+ 1
(cardiotrophin-like cytokine factor 1, Clefl) . S100
B 2% & 5 H A10 (S100 calcium binding protein
A10, S100a10) . TGF-p&5, {2 InHyf7im
HR IRy, FAME: >l

2 FEMERENESER

2.1 TLR4/NF-kBf5 S &%

Toll #£ 524K (Toll-like receptors, TLRs) J&2Z
55 RAPE AT S (1) — i E 22 i (55 e
1, TLR4 & CNS /B A 1 e vl 35 S S i
(OS50 1, TERN N 35 00/ I ot 40 i vh &
ik, BEWELPSHEMERS] 2,

TLR4 24 W 200G A2 BERE LN T 88
(myeloid differentiation factor 88, MyDS88) &L Fl
MyD88 A:{f#i iz 1% . £ MyD88 it H, MusHMES
& 36 2 N 5 5 MyDS88 119 ¥5 3t b 45 &, [ i
MyD88 5 IL-1 5z & # 3¢ #% B 4 (interleukin-1
receptor-associated kinase 4, IRAK4) Z54&, PG
IRAKs. BFERILI IRAKS 5 iR RS0 T 32 AR HH 5
F 6 (TNF receptor-associated factor 6, TRAF6)
MHEAEH, BG4+ «B (nuclear factor
kB, NF-kB) *". J5—7J7 M, MyD88EHMiikAe
Yy L Ok B B E H
membrane protein, TRAM) Jaal/5, TIR 53
¥ % 1 (TIR-domain-containing adaptor inducing
interferon, TRIF) #{FA55:IF 52 M BEAEHE 1
(receptor-interacting protein 1, RIP1) AH & 1E H it
% MyD88 AEHSHI) NF-xB 142 2
2.2 MAPKZEX= SR

22 24 )7 7% A | P4 B8 (mitogen-activated
protein kinase, MAPK) & A% 41 g g B LR 51 1)

o A, R CONS 0 N 2 MR E (5 i
22— o MAPK G A 51 1 AE % i 7 40 240 i [
F . TNF-o. iM% 2 (reactive oxygen species,
ROS) . 1% N K+ (vascular endothelial
growth factor, VEGF) %, £EZ 505X
VAN 28 SR O

WESEUERT B35 O A 2 S (stress-
activated protein kinase, SAPK) /c-Jun 2 FE K v i
[ (c-Jun N-terminal kinase, JNK) . p38 F14i fig #h
P H P B (extracellular regulated protein
kinases, ERK) 7£ N # MAPK 7£ #ft £8 iR 174 9 A%
BE T BAETE B, R TE M AR R T IA R A
(amyloid precursor protein, APP) [A#R {k 7t 1 7=
H BIEMIEEE  (amyloid B-protein, AP) . [H]HT

(translocation associated
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TECEST AB1-42 HY/INUBE RS Hf, p38 Rl ERK YR
165 AB 5T 1 /)N B 48 A B i RN R 2 B e 1
FYIAOC BV MAPK 5538 #1416 PR 3G 58 DL S =
FERE SEBIIEACE LA RA BTA B e, fiid
BRI AR TR VTR RE A

2.3 PI3K/AKT{= Sif 8%

/N 2 T 240 LT A 275 S U0 B R UL 3- YA g
(phosphatidylinositol-3-kinase, PI3K) /#E H i B
(protein kinase B, AKT) i % ', PI3K/AKT i&
BZ5RRAE RN . IS FIH T, PI3BK &
H =S G0 1 D 2 SR i T X, AKT BT
W5 8 il — R IG5 55 1516 PBK ™4
55 A5 PIP3 5545 AKT i, AKT 8 S i/F ek (i
it [ 41 JL S AN AR MO AZAS B, AR AR AR R K T
TR 5T [R) IS AKT 00 W L 3 ) B i s 3R B A
(mammalian target of rapamycin, mTOR) , #% &
NF-«B (3% PEI AR #E 5 RE A BTids 0 — S AL AL G
(inducible nitric oxide sythase, iNOS) I 4& {1k i
(cyclooxygenase 2, COX-2) M) & AiE 4 it 1
ik >,

2.4 NLRP3{5SiE#%

BHBRE A E RS W EZIEKEAS3
(nucleotide-binding
receptor protein 3, NLRP3) #hE /MA & —Fh7E H
WX P22 i o 4 i b R e RA R P A i 2 R i S
Yy, B RGER I E TS — Y

AT 2 B NLRP3 45 /MA 1 30 5 2400
RJa SN 1 B S WA A B F 5 A =
Wi IR A AZ K (pattern recognition receptor, PRR),
AN TLR 7RG R Sh B BOUR . 1755 NF-«B {5 538 i
B #41%, V8 NLRP3, pro-IL-1p Al pro-IL-18 55 fij
TRER G SRR IR B ERAE 4R p B,
NLRP3, i 17 #H X B & & & 11 (apoptosis-
associated speck-like protein containing a CARD,
ASC) Fl2¥ e K A< i it 1 (pro-cysteinyl aspartate
specific proteinase-1, Pro-caspase-1) Z5&IF5E MR
SE/MAFZHES . [R]H Pro-caspase-1 # A AL U1 Y Ry
HLA B G P B9 caspase-1, caspase-1 4 pro-IL-1p Fll
pro-1L-18 24 ik Bl 24 H. A A= W 1% v 1 TL-1B A
IL-18, MR HE RAE SN o 1 caspase-1 ik 23 1))
K ED (gasdermin D, GSDMD), M i 7€ 4l ity
FEE IR AL, 5 AE T 27

HCWISER, 7EAD. PD S MZHRITHSR

oligomerization  domain-like

H1, AB. a®fili#% & 1 (alpha synuclein, a-syn)
A A O NF-xB {5 53 #% ik — 5805 NLRP3
SE/IMATE AR IS SR B, 6 AT DAGE R i SRR AR |
TR M S T 9 i /IMA ) 28 25 R3S . NLRP3
ST/ INMATET J5 175 2 PR 2 AR AE S SUMTEE NG P AB
o-syn ESRIT S FMERL, TR TSR T & &
FURINLRP3 S AE/MA T b Z ] R B EE 2R Y

2.5 Nrf2/HO-15Si&8%

i S F4L R 2 #H G2 (nuclear factor-
erythroid 2-related factor 2, Nrf2) 22 fifd #5748
L ANR AR B R FA A S 74 R e 1 o
AT, Nrf2 15 Kelch FEFR R SR bt AH 5 2K
1 (Kelch-like ECH-associated protein 1, Keapl)
S5 TE R G YIRS e A T RS
AL FEE AL TR MRS . TEN AR,
Keap 761 P12 Db 20 W2 5% SL A g A8 Ak T 2R 36, Nrf2
WG Wb i 25 31 5 o0 B0 i AZ 0, Nrf2 38 i
Nrf2/ARE {55 18 B0 Se R BT At ai b, -
PA T W A A LI BRI, il 21 2 AU 1
(heme oxygenase 1, HO-1) . #i % 1k ¥y k7 1k i
(superoxide dismutase, SOD) 4§, 74 +5 4 i 1)
AR FRR S AR CEPE T Y. HO-1 B HAR ™
Yrar LA iNOS . COX-2 LA J— R B RAE K1 1Y
AR NI R AT E A SRR AE T 2

WFFERM], Nrf2/HO-1 5 NF-«B i ##% 2 [ £7 15
. HO-THER N2 RN 22—, Wl i i B
ROS FIH ] NF-1B i1 1A AR /I VB BT 4 A M1 Al
Whng M2 fE . AR, N2 S
NF-kB 5e FriE 4 & A 157, i 17 NF-xBi%
FHRAE RN, B —FH BRI 29 R Y
Z, NF-«B i iX F 5 4R 45 5 RE A ) Nrf2 7Y
B S KT, DT AE Nrf2 15 NF-«B 38 [ 2 [ A4 2 1
XL AR R 5 14

FERIEIRAST, TS B 2 e B 4 B P o S
ZAE SRR TS (1), 0 s 2Ol 4R
#| MAPK/NF-kB X I B 1 1, 515 RAEH
BRI, IR A A AE N 7 FIROS., JX 28R AE
K F-F1 ROS — J7 Tl HAZ VG AR 2200, ARl
SR A BB ITET S —JrH, 541
JE 1 ) 9T RS2 AR S5 B I MUE Ut Il i, R 46
FESCN o FTOL, 28 RE R % e CNS H & Fh 2
RURIARAE, JER— AT ARG . B AR PE I E 2R
RE, mAFHAN WG
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Fig.1 Neuroinflammation related signaling pathway

Bl HEREEXESER

P50: #%HFxBW %1 (nuclear factor kappa-B subunit 1) ;

RelA: V-rel R Py Bz 38 A8 9 3 0 S R IR A (V-rel reticuloendotheliosis viral

oncogene homolog A); sMaf: small maf% s [KF (small Maf transcription factor); Serd73: iR 22 & R/ RFRILHEF4730 &4 (serine 473) ;

Thr308: W R Th 22 % R/ I3 2 IR 1 1 308 /37 »5. (threonine 308) ;
Cul3: RM3EM (Cullin3),

3 ERIEMEEE

3.1 LPStRE!

LPS XFRINTER, J&5 2 [REIPERAME B A
SR B I8 SR Y — OB RE 28548 o LPS HI/ I B/
20 1 22 BV2 AN BRI I o 240 L ASE B T
P22 JRE ST o LPS VR F 4 )5 1 e & 8%
TLR4 1 & e & g £ W 45 & & B
(lipopolysaccharide binding protein, LBP) fi 3K ,
Wt B TLRA J3 S5 55 5, 3l NF-«B 1l
MAPK {5538 % 3 3l R AE GER S0 7, /NI B
AT, BEAAEST FINOS, COX-2, TNF-q,
IL-IB%ﬁEﬂmﬂmﬁﬁ+, [ T LR I L At A

VPR A NERAE L, 51 e — ZR RN o
W25 PR T RERY 8 — DAL = AEAT LPS

75T I 4 R AE ff;ﬁ“ﬁiﬂz& T, ARPEAS AL AT
,ﬂ;ﬁﬁﬁﬁﬂiﬂ, BV2 40 }ifd 25 LPS 4t P 30 min Ji5 7] K

Nrf2: I FL R 2M KK F2 (nuclear factor erythroid 2-related factor 2) ;

D2 Z2 B S A BT B A B IR A T,
$5 P65, P38, JNK 1 AKT., 4 LPS 4t 3 )5 8 h,
BV2 40 Jifd " % 5iE A 5 IL-18. TNF-a 1 IL-18 fiY
mRNA /K F 3, 12 LPS 4 FH 24 h 54 1 BV2

QEHH@EPN” RF/KF, AL E]iINOS Fl COX-2 3
RS B0 AN, AR/ (human

mlcrogha clone 3, HMC3) N FAgEM L5
SERAL X SEEERELIR, LPS W] LU s 2R e
SPEAERA BRI, 75T/ N B AR A R
FEFCIE , DTSSR 28 S0 1Y e At i Y
32 APIREY

ABJE APP S = A i) —FRES IR R 1 2. AP
A B BE AT LA AR, b AB1-40 F1 AB1-42
SR AR 1) FEEIE . AP1-42 11 5 A i ) T
R, PO GRS, JUHIE AD e B
PR EEAHOC Y,

AR RENS 55 /NI 5 40 i 3R T 32 RS SR 2
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A $5 7 8 R 2R (scavenger receptor, SRs). Gk
B¢ 32 & (G protein-coupled receptor, GPCR)
FUTLRs 5, /)N 5t 4 i A S IR A5 R is A i
M1 BY, B S B0 /DN B3 20 1 PN 60456 p38 R ERK
Ca™ HCt 1) w75 Il 220 R 1Y) 1 202 U I8t 2 (proline-
rich tyrosine kinase 2, Pyk2) @ & H # f§ C
(protein kinase C, PKC) {55 {Hibiseas, W1
RIEMFRINEN o ARSI/ B 20 M e~ AE
ZMERHFF, WIL-1B. TNF-a, TGF. HiZ4l
it #1k & 1 1 (monocyte chemotactic protein-1,
MCP-1) . #MASE, A2 50 P 2351
3.3 |HERFRE

FBEFZF (oxygen-glucose deprivation, OGD)
XA SR AR, RSN KT 1A
UL 110 R R AU 0 ) ST R T ) T TR
171G

ik S8 1 V8 o 28 9 S I AR AL 975 /DS T3 4 e
PP BT I IO 240 B TG A RN 9 P /AR 38 in 55
I . 37 DA i AR A P AR A T 5 P 4
TR EERRANIRAT, Sz — R 40 I B2 o7 An 240
WK AME . ZeRiiR i . ROS FIZHH A Ca™ TT
A B A R PR TS /0N J5T 200 B T
M AL, 23 W K fe A & R 4n IL-1B. iNOS Fil
COX-24F, itk NF-xB {553 % I #% NLRP3 %
PE/AMA RIS P, FEAR GRS T 2B
G T 240 Mt i Y, R M T A el L e
R A2 B AR R AL, 724 1L-6, TNF-a,
IL-la, IL-1B fily 4L 2 (interferon-y, IFN-y),
P e
34 RMmM#EE

H & P ok ™ BT B il (subarachnoid
hemorrhage, SAH) J&—Fffip i, 23k
AW . SAH Ji/INEE 5T 200 B e ot Ak
MIERM2 R (FFERMT, WY . AaaEH
nTLIA S BV-2 41 -5 &1 (5-lipoxygenase,
5-LOX) MyabsRik, MI1ARfbfmsEm, r=4: Ka
R, BREETEHIMY 24 h)5, OX427/Mig
J 2 A A RN, GFAP' B % e o 440 M A R
AR, BRI b AR 4% 40 i - IL-6 AT IL-1B
mRNA FRikFiE o
3.5 MPP'##E!

1- H 3 4- O BE ik g FH 25+ (1-methyl-4-
phenylpyridinium, MPP" ) J2& 1- B 3 4- 7% S -
1,2,3,6- MU & Atk BE  (1-methyl-4-phenyl-1, 2, 3, 6-

tetrahydropyridin, MPTP) FiE A=Y, HA
1o BENG VS PR 0 MPTP & a5 1o 1l Jii 5, E AU I 7]
TE P22 0 5T 4N Bt B AU B e 43 fE ¥ (monoamine
oxidase type B, MAO-B) MIEH T Abh HAT 3K
LS MPP™ 21 T MPP 45 # 5 & 26 0L, 4%
Syt M EReph 2ot 2 M s R, 5l
SUIRMAFI R BT b =W IR R B T %, AT
OB 2 B RE M 2 TT I A TSR T DL R BCIR A
W2 0 i K R B, OR B T 2 PD
BT

J4E PD 2 B R 22T AE T 19 - ML 41
AR, (H R SE A TE PD Y K g i
PR OCHEAE H o 7R AR/ B T 4 B 85 SR
MPP /I DL B 15 5 /N B B 4 B 16 4k, SR K
CD11b FliINOS ik L, f£ KA i TNF-a, IL-1B
SEFIR RN, RS R KT 1 (insulin-
like growth factor 1, IGF-1) 3£ ik Fl73 Wb ik /b>
a4 sk, MPTP/MPP Al 53 NF-xB 84% 5 fif
F1p38 MAPK MMz fk., L HEHS N T f& 5 b ROS
(K, 3 — 20 0T T J5T 48 it A1 NLRP3 48 4iE /)N
fA toseo) S F ST SR, MPP A BN f5 41 i T
DL i PI3K/AKt £ [ %) 8 2 1k L B A% Nrf2 (19 3R
Ik T SRR N A M2 B A
3.6 GERENEE

faENR (rotenone, ROT) Ji M\ FL YRR+
SRR SRR I A ERZE A 51, fa R — Fh PRI
BER, /DB S A Z TR TS R A
TR RE £ 5 | i 2ok A 1) BE R A A S8 AL 1
WORIE TN ROS, i /1N e o 4 A 3 2o 7 AF K i
PR U 2 B RE M 2ot Y, SR, gk
i i75- 1) NF-xB JUE O T p38 MAPK., 73 WA K
2R HF TNF-a., IL-1B, iNOS Fl COX-2 45 T4
ZE . BLAh, FUBERR T % GSDMD [ 1)
BN FIE DA X NLRP3/caspase-1 FYTEPE, M T
MM, R MR T
3.7 IFN—vy{&H

W — SO i PR A T A M s LA fig
AR R RAE NS . Lt R, AMEYE
IFN-y 5 BB 7 AE IFN-y I 20 (4n T 9k & 40 it Fn A
SRAMIANI) B AT RG], 7S/ M5
R f, 51Kk — RINM & e i S 1F
BARTW S, IFN-y B9 SAE AL HE T Ui Janus 3 i
(Janus kinase, JAK) 4\SH{5 55 S S5 58006
g OH activator of

(signal  transducer and
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transcription, STAT) FJ#Ei2fk, i 84 0 Akt
ERKI1/2 5B MRALRES , 175 TR RILH R IKFE T,
PRSI MAPK . NF-xB 255 S %, 5 FeaR
FiE T FEAR 22 06 T /N B 0T AN M TR PRI S
IFN-y 38 5 9T R R0 Y/ I 4 i A2 211
AWy NIEPEER (ANLPS B AB) B R 1)
PP, TFN-v 23 5] & 58 Z0 0 /N e Jot 48 il 4% i
SR T
3.8 CPG-DNA#H!

g1 w B S B 1T R (deoxyribonucleic acid,
DNA) Hof LAk i b i g - 15 R4 — R R e Bt
(DNA containing CpG dinucleotide motifs, CpG-
DNA) & —Fh7E H A p 25 22 40 v B A i KA R A
FHERNE o W98 RW], CpG-DNA TEI& N Ak
AN RE EL AR NI R A A T RE . AER AN SE IR
H1, CpG-DNA RGN BT 40, 755 4 TNF-a.,
IL-12 p40 A IL-12 p70 SE2 2 K 5-, I35 I 2
HINAE . B CpG-DNA TE 5T /)N BRI 7 3
/NS T 4 B ™ A R B S B0 6 1 7 A T
[T, E R BRI A 25 73 4 CpG-DNA ] W& 21165
Ji TR o s o 240 L ) 3 A A A E S I

FE/NE R AN M, TLRO B 8 A by ok H 34k
CpG-DNA R N AZ K . 7 MyD88 i/ T i
i RS 5045 IRAK-1, TRAF6 flfEfb A KA+
B I 1% P4 (transforming growth factor-B activated
kinase 1, TAK1), MIfi# % NF-xB Fll MAPK {55
W, X R FEOR R TNF-o, IL-12 FINO %542
RFAFIRE, REFFHERIENLELE B,
39 fREHEXEE

F 2019 47 37 78 56 R s 5 /% ¢ (corona virus
disease 2019, COVID-19) Z &Lk, HORHZHY
WEHERI, COVID-19 5 Hix il 28 R Ge e Z Al 17
TEEYIRFR, KA1 EBHE D HAFEEE . IR .
B REFREAS . DRI BE SRR ) PR R,
W SR BE 19 ST 8 1A L2 3 S5 38 K A o T
HZ H5PUFEEBA AR, e 5] & SR IMALS
SRR R M AT s, SR LA 5
B 3D AT rpra] fiE E B B SRR M e O, IER I kA R
SN T ST /N S5 240 B R R A R 4 i A
¥, UWITNF-a. IL-6 F1IL-1B *', [ NF-xB. p38.
TLR4 ' %) S5 5530 A 5o tAh ST AR AT
LI 3 3076 NLRP3 A /IMASE IR R 5007 "

BRI S1 AR FIRB IS K p e 5 e 4, Hl
F 7% 22 0, Ho A s 75 a0 A 2 G0 8 Bl e o 7 1 A

(human immunodeficiency virus-1, HIV-1) Jg&4 s}
SURESS G R O LHEZE 2 e el PN g bkl 8 R TP A 29
KiEfERHAF . XL R HF 5w, miME
W (glycoprotrin 120, gp120) . %% 5 s 4%
¥ (trans-activator of transcription, Tat) %51 £%
B PR 1 L [FE K 5 1R HIV AH DGR 28 D B A
(HIV-associated neurocognitive disorder, HAND)
W R 2R S . IR PE R 2B FR I F (brain-
derived neurotrophic factor, BDNF) 1 A i 5t 41 fifd
SWMAITTZMMOCHE S0, AMUBBIESEpZ &
H, WEEEL Z IR SRS ARAE, 25 p
2 RGP AR o HIV-1 gp120 Fl Tat
Ry pf 2 BEPE R A B AT A SRl 2 on Bt 24
gp120 7] i i Wnt/B-catenin {5 5 i 1% ) # 7F BDNF
FEBV2 4 rh R s ik Y, 1M Tat Al f NF-«B i#
% AR RS A # 1 (fatty acid-binding protein 4,
Fabp4) ik, K5, Fabp4 {2k Tati#i% i NF-xB
RS, 5 NF-«B {5 5l B a—1E S 15 7] %
TR A $E SN 2

[, —2E4T HIV e BE 25 Pt g™ Ak i ikl 22
REMRIWEN .. —&Bi SRR 24 2801 FUELh
MEEER A, DA SO i A 5 AT 3 in BV2 248 i i) 5 K
LRRRT . R S i Sk 259 2 500 N B 2
LA 5 ) 0 R T S ) 0 B A AT 2 T R
it O ARUREH AT R, B2 AR IR
e SR AR R 123677 51 H 9 C5TBL/6 /) B
AP NF-xB 3l B30 . o B Rk RO i 4 2
Ji PRl 25 T B0 I BRI 28 5 ik T BB B i 4 17 B AN
Bpg 7
3.10 BPA#EZ!

WA A (bisphenol A, BPA) 2£442,2-— (4-
BRI ke, R EAA ISR TETE ER
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¥y 5 & 40 TLRs Fl GPCRs %5 &5, 5| & NF-xB.
MAPK S5 538 B 30E 7' BPA 4R EL A0 A
PP, SEUESE T RENIN, DT
NF-kB FUHAMAF S0 B, IR S s s [AlRs,
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XoT 4 AT 55 R AR B R e ) S UK S AR
SR B AR B o ik SE A R AL 3 [ £2 £ BPA 75
SN AL ARAE , N TSR TR
3.11 PMR2.5#E%

PM2.5 24825 8l 1 2% HAR<2.5 pm A 4 FUk:
Y, REZENSIEA S . PM2.5S ZIFIHEA
SCREFIIGIELS , 37 il o <5 tE A S M I AT
RO HATHFE R, PM2.5 BA AR M 4 7
PR, AT 3E LS5 B R — AU S ol i o R A A K
G, PIRE BRI PRS RGUEM R R AN, 1
5 AD. PD% 193]

IRAMIFFE T, PM2.5 2285 A] 38 1 s
JE S A0 M35 A R AE o Ao VT 1 /N I A L A
M1 BUNE RS, FEe b KR R AT
WIIL-1B. TL-6 Fll TNF-o 5575 & RAE R b 117, 5
WA, PM2.5 BEAE REARDT R A5 i ) IL-10 FIAE 2
PR 1| 1 mRNA ik, PRELGRE A, IRIpRs R
JEDERE 17 BEAl, PM2.5 B8R S R AL R I A
7K ROS BE#LIE NF-xB. TRL4, NRLP3 %{5%5
{3 m %, I TNF-a, IL-1p F1 COX-2 i k7K
e, A INE AR RAE RN O Rl ERIFAY
W, BRI S5 PM2.5 28 5 AH i
o PM2.5 % 5 BUR T B 4l LG AL i ds i a1
GFAP I, I3 1< 435 NF-xB {5 S % i K
G 9 i PR R IR 5 P 2 SE 10
312 GukEREE

AR, YR ARG K JEIF) 2 W T4 8k
Bleg L AW EE K H®E WSS, 9Ok E R
(nanoparticles, NPs) i J2F8HRAETE 1~100 nm 2
(] FR A~ ) p T R SORE AR R 1) 5 R
B, SRk, PFIGE . E IE M2 2 Ry
KIEANMG, o738 e o AN B el 4 iR
IG5 5, DA R 3 e J i — Ao 2 — i 5 ot 1
B A CNS, R SRR JE Y
DNA {3 =L e dg bk ' Hit, gkpiRidis
R G R RO EZ I INA IS 5t il

FRAKKI T (silver nanoparticles, AgNPs) 1E
R —FP L R BT GO AR A, 7E AgNPs
TR BV2 4Tt , AgNPS rlfig it M1 A4 fiEg
At Ak, [N IL-1B. NF-xB AL, B AEIA
T AWE RS BHAFOCHE A, SEAA R,
SIM g RgE M SRR KW, AgNPs k2
J&, Al APPSR 336, KK 5 20 b o i e
K (neprilysin, NEP) FI1 % £ g 25 M 32 1K

(low density lipoprotein receptor, LDLR) HJ3& ik,
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S Ak i 9N oK kL (silica nanoparticles,
SiNPs) o] DLZE Lo il f o B, X 48 R e il o
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10* mg/L) VT BV Al 60 2] ROS 114 5 25 14 i,
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SiNPs Z 5% T BV2 4l f5 , BV2 4l iejE A FE il
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{55 B, EPEIL-1p, TNF-a 2542 % N 7B .
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Table 1 Common neuroinflammatory cell models

K1 ERMERERMER

Y gl i} Jab 3 51) 2 AN [R] Kl bn ZH IR

LPS BV2 1mg/L; 0.5~24h P65. P38, INK. AKT. IL-1B. TNF-a. IL-18, iNOS. [50]
COX-2
LPS HMC3 1mg/L; 24h p-IKK. IKK. IkBa. p-P65. P65. NO. TNF-a. IL-1B [51]
AB1-42  BV2, /MRERERE 5 umol/L; 24 h TLR4. MyD88. TRAF6. TNF-a. IL-1B. IL-6 [136]
iz J5R 440
AB1-40 BV2 5umol/L; 24 h TNF-0.. IL-6. IL-1pB [137]
AP25-35  /NERJEAR/N B BT 4L 20 pmol/L; 24 h TNFa. iNOS. IL-18. Argl [138]
TRRE. R4 BV2. HT-22 5% CO,~ 95% N, 37°C; 6h TLR4. p65. IL1-B. caspase-1 [57]
a1kl BV2 I mg/L; 0.5h LTB-4. IL1-p. TNF-a. IL-10. TGF-B [139]
MPP* BV2 1mg/L; 12h TNF-a. IL-1f. IL-6. iNOS. COX-2 [140]
ROT BV2 1 umol/L; 24h IL1-B+ TNF-0. IkB. iNOS. COX-2. p65. p38 [69]
IFN-y BV2 50 units/ml; 2~48 h iNOS. TNF-a. ERK. p38. JNK [141]
CpG-DNA  BV2. /MRIEMR/MER 1 pmol/L. 3 pmol/Ls 5h TNF-a. IL12-p35. IL12-p40 [78]
gl i}
IR EE ST BV2 10 pg/L 50 pg/L. 100 pg/L; IL-1B. TNF-a. iNOS. Iba-1. p65. IxBa [86]
24h

HIV-1 THP-1/PMA. HMC3. 100 ug/L p24; 48 h IL-6. HLA-B. CFB. OLRI [92]

MT-4
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Y il b3 T S A R] B4 b Z2 R
HIV-1 gpl120 BV2 10 pg/L; 1~6h proBDNF. mBDNF. CDI1lb. Wnt5a. Wnt3a [94]
LV-flag-Tat BV2, HT-22 24h IL-1B» TNF-0. CCL2. Fabp4. P-NF-kBp65. NF-kBp65  [95]

BPA BV2, HT-22 2.5, 5. 10 umol/L; 24h TNF-a. IL-1B. IL-6. iNOS. COX-2 [142]

PM2.5 /N BRJFAR N S 41 50 mg/L; 4h IL-1p. ROS. caspase-1 [109]

AgNPs BV2 5 mg/L AgNPs; 24 h Iba-1. TNF-a. iNOS. IL-1B. NF-kB. MCP-1 [115]

SiNPs BV2 50 mg/L; 6h IL-18. IL-1B. TNF-a. COX2. HO-1 [119]

Cu BV2. MN9D 15+ 30, 60 umol/L; 48h  COX2. NF-kB. p-p65. IkB-a. caspase-1. NLRP3. ASC. [124]
IL-1B. IL-18
Mn BV2 100 pmol/L; 24 h IL1-B+ TNF-0. iNOS. IL-6+ [126]

kG /IR AR s I 4t 10~ 50 mmol/L; 24 h IL-18. IL-33. IFN-c. IL-1b [143]

Ny g BV2 200 umol/L; 6 h TNF-a. IL-6. IL-1p. iNOS. COX-2 [144]

METH AR BRATAE NRR 100 umol/L; 4~72h IL-18+ TNF-a. IL-10. Iba-1 [145]

A (ESdMD

LPS: Jls Z B (lipopolysaccharide) ; AB: PBIE M #£ & (1 (amyloid B-protein) ; MPP+: 1- B 3 -4- 2% JL it ¢ fH 2 7 (1-methyl-4-
phenylpyridinium); ROT: faEfi (rotenone); IFN-y: y T3 (interferon-y); CpG-DNA: 74 H HAL Ay Mamsne - 1205 — TR Y DNA
(DNA containing CpG dinucleotide motifs) ; HIV-1: A G FA 3 1% (human immunodeficiency virus-1) ; gp120: 4k B4 & B
(glycoprotrin 120) ; LV-flag-Tat: 7 flag-Tat!% K & # & (lentiviruses with flag-Tat) ; BPA: X{EA (bisphenol A); AgNPs: 4R 444K
(silver nanoparticles); SiNPs: 48 fbAEAKIRL (silica nanoparticles); METH: HIJEAAIE (methamphetamine) .

4 REHRE

P2 RAE LR 2 R GEPR I R, Fif
B XPRZEIAE BB WIR A, P 827 U] 3
B FINEYT I ST W N . AR 28 R IE A AR 1
VEPERARYERI S (R B, DS 1 2 R
KA TAU o 7 B A ARG MEE AL TE 1 58 2 I AR I
A 2, LA RS [R] 4 22 S0k mT e B0 SR
AN RE o ok AR TR ] DL A8 O 1 S 56 45 8
It HAEAR R RIS T2 JORE AN TR AT . 38
T IR | R G M PR AR S SAE TR R
PITER, ASKRIGIT Rt 5%

TEM A RAE (S Sl AT R, AT R AE
KRR, 0 BN ZFh oy a2 5 02 2
M4, METIAES B 2R T —L R[5 5l
#, W NF-«xB, MAPK, PI3K/AKT. Nrf2/HO-1,
NLRP3 % e8] - 330 o 3 B il 28 90 0 1) 1 9 v
FEE CHMEN . B2 ZRR i, B
SR AR M, a4
T PR A A 28 RAE S Sk o A, B RREE 15
5 BN T R AT TR YT RS, AN
P28 IR AH DCHIR IR TT PR AHT ) SEL

LERTS , M IREAN MR S A5 38 5T
R 28 GNE TR A BRI AR )T FBE T K 24t S

%, Rl AR IS A R EAR B 1) R A
s
s % x W
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Abstract Neuroinflammation is a complex process triggered by various factors such as injury, infection,
oxidative stress, and other activators. In central immune system, microglia and astrocytes release a wide range of
inflammatory mediators like cytokines and chemokines in response. Initially, acute neuroinflammation can have
protective effects by promoting neuronal repair and maintaining homeostasis. However, chronic activation of
neuroinflammation leads to excessive production of inflammatory mediators, resulting in neuronal dysfunction
and degeneration. This can contribute to various neurological disorders, including Alzheimer’s disease (AD),
Parkinson’s disease (PD), multiple sclerosis (MS), and Huntington’s disease (HD)./n vitro cellular models are
crucial for elucidating the underlying mechanisms of neuroinflammation. Investigating neuroinflammatory
signaling pathways is essential for understanding the intricate network of molecules and cells involved. Key
signaling pathways such as NF-«B, MAPK, PI3K/AKT, Nrf2/HO-1, and NLRP3 play critical roles in regulating
neuroinflammation. During inflammation, activation of glial cells involves multiple signaling pathways
simultaneously, primarily orchestrated by two key factors: MAPK and NF-kB. These pathways guide the

inflammatory cascade, leading to the release of numerous inflammatory factors and reactive oxygen
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species (ROS). These inflammatory factors and ROS have dual effects. Firstly, they can directly harm neighboring
neurons, promoting the accumulation of abnormal proteins and triggering neuronal apoptosis. Secondly,
inflammatory factor receptors on cell membranes can initiate positive feedback loops that exacerbate the
inflammatory response. Neuroinflammation encompasses various cell types within the central nervous system,
forming a complex and interconnected malignant cycle. This ultimately culminates in irreversible brain damage.
Moreover, innovative therapeutic approaches targeting specific signaling pathways and molecular targets show
promise in treating diseases related to neuroinflammation. Various cellular models are commonly employed to
investigate neuroinflammation, each focusing on different aspects: pathogen-related models involve substances
like lipopolysaccharide(LPS), amyloid p-protein(Af), CpG-DNA, and viruses; cytokine models utilize
interferon-y(IFN-y); metabolic stress models include oxygen-glucose deprivation(OGD), 1-methyl-4-
phenylpyridinium (MPP"), rotenone, and oxyhemoglobin; environmental toxin models encompass substances such
as bisphenol A (BPA), particulate matter (PM2.5), various metals, and nanoparticles; additive substance models
involve alcohol, morphine, and methamphetamine (METH). Each model offers distinct advantages and drawbacks
for studying neuroinflammation. In conclusion, research on these cellular models and their associated signaling
pathways provides crucial insights into the mechanisms underlying neuroinflammation-related diseases. These
insights are essential for developing effective therapeutic strategies and advancing clinical practice to address the

complexities of neuroinflammatory diseases.

Key words neuroinflammation, cell model, signaling pathway
DOI: 10.16476/j.pibb.2024.0134



