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1 MERERIE

MR RGN . Y AT EH A
VTG PR ) AT, ot e P ) e s R, B
ke U RE ey vt Vi R S Ut Vi O FANG Y IR LS
4. BHJETRAX 9 RS0 (central nervous system,
CNS)  HY R 25 2 0 20 /) o 200 R B2 T JEE T 44 e
PGS, BRI SAEN BT (AN A FE A
T) BRI SRAE M N Y SR 2R R
A REEMARIIIRE, AR THEITmBEEIE
AeFFNIREERRE s I B B O fy P2 %
SIS P EIAES B BRI, S ot nods i
Bk, IR B AERGYIR D IT4E
He, REARNZHY L KRR R S5 RE, il
WHIZSAE S Z R 2 MR ZR AT A /R
WHEFERSE (Alzheimer’ s disease, AD). PAZ:ZRSA
PD) . Z & i 1k
(multiple sclerosis, MS) Hl = & i [C 4
(Huntington’ s disease, HD) 55019 % 4 Flk J@ %
PIAROG o, T M2 S RE A A AL A B TR R A
HIARTEAN 2 R GEPIR I A= U AL, [R) s mT A
TANERIE T T2 i i

/NI 5 440 LR R T J B AR A S NS E 21
SRR S AN, BAPNGRAE S . 7R

(Parkinson’ s disease,
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FEAIT . THBRTEEY EDIRE, FE4ERF CNS RS
PRI P 28 RN R HE R SR R A AR E R 0
1.1 /MERZERR

AN T A A IR RGN B BEAH A,
M BB 5%~15%, & CNS YR T4 Y, 7EIE
WARLRET, A TEEURAS 0/ o 4 it e dF
SR N OA S B A, B U e W T
ge 1 PR, NI AN I S 5 RN A — B
S FEMRIER L, B ACEIIN P S (5 i
i RIAESFMAEE . BT R, /DR
YN EA A ETE BRAE T AR . BEEE DTN
PR AR AR SR T RE,, X 4ERE CNS s
R EAEH

PO A/ NS T A MEAR S LT R R RS R AR 2
Yy FE 4y M1 BRI M2 B 1S MR ) 41 i 3%
b5 il & 225 CD14. CDI16. CD32. CD40.
CD68 #11 CD86, “A:[14r % (interleukin, IL) 4N
IL-1B. IL-6, IL-8 . M9 IR FE A ¥ o (tumor
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necrosis factor alpha, TNF-o) a1k K 5540 iy
K BRI BRBUED AR RVER i B
B A gk s M2 BRI A i bR i] &
BAT CD206 M1 CD163,  H ™ Ak 1Y 40 fifg A 7 IL-10,
IL-4, IL-13 #1 % 4k 2k &K B 5 B (transforming
growth factor beta, TGF-B) &5 He il 48 5 5 i If:
B AL, S phas . EAL/ NI A i i
MR TE AR Z M B S84, (HZ2H M2
R M1 P HE 2 SR R 28 s SO, npesh 28
RGP
1.2 BB

SR 5 40 i 2 NS FR & b = & A AR 22 e
FTARAE, MGZHZ . PREE TR A A1 23 18] KR53
2SI g R S =¥ i i) ] P P 2
TCEE TSIV E AL, TEAEE S il E oAy
WA BT S M . B B S A4 i i e s 25y T, 4
BVER, RYEFREGARE B OCHEAN L 2 4 CNS
IR BT, R B AR At s A LRSS A R
DIReryek Ay, FEANAEIEGE . RAE ST ARl 2805 55
ER s /S N | 5 W @A & ot 3 DA 1 N

R S 0 R T 4 B g R R 2 ik 22 S Pl
Hoor g AT A2 PIRhRAY . WS, RETIETESS
fleZ M (lipopolysaccharide, LPS) F=A:flfig 4
SE P 5 T AL AU N PR R B B4 i, oK ik gl
ok BEL 2 5 A i ke 1ML 375 S A2 B s i B P I T 4
JL 2 AT Y O AR BT A T H-2 . D X A7
ST, RMA C3 45 e i AR OCKE I Rk 1M, B
PRI AT R . bl 2885 K 15 L on b 58
WAL T, RICAMEEMAER . A28 W
PRI BT A A T2 4l 2275 3R R - I At
A R A, ML EFRREFEABAE T 1
(cardiotrophin-like cytokine factor 1, Clefl) . S100
B 2k & 5 H A10 (S100 calcium binding protein
A10, S100al10). TGF-p%, {22 ICHITEIG,
HERE M EIARE ), HAMAEH: >l

2 FEMERENESERE

2.1 TLR4/NF-kBi5SiE%

Toll #:5Z{A& (Toll-like receptors, TLRs) &%
5598 R A FNARAE SO, 1) — i e B2 {55 e R
1, TLR4 & CNS /BRI 72 8 7 G 2e
M) OCEE T 001, FEMN N AR /N B 4 i rh 3R
ik, HEME LPSHRSFPES] 2

TLR4 T2 AT ISR TH B4 . BEFE 01 H 5~ 88

(myeloid differentiation factor 88, MyD88) 12 Al
MyD88 JEMK i 2. 7E MyD88 i t2h, MsMe
%36 2 LN )5 5 MyDS88 1 ¥ L 45 &, TR i
MyD88 5 IL-1 3% & A3 56 1% B 4 (interleukin-1
receptor-associated kinase 4, IRAK4) Z54, i
IRAKs, Rk 1 IRAKS 5 M A S8 R 32 1A 5¢
F 6 (TNF receptor - associated factor 6,
TRAF6) M EH AT, #E e  N 7 H 7 «B
(nuclear factor kappa-B, NF-«xB) ', 75—,
MyD88 JE & Hi i& 12 B & £ ¢ Bk B E A
(translocation  associated membrane protein,
TRAM) J& 85, TIR 4549 15 4% & 1 (TIR-
domain-containing adaptor inducing interferon,
TRIF) #5557 5 Z KA EAEHE M 1 (receptor-
interacting protein 1, RIP1) AH &/ FH o ifi 34 7%
MyD88 A Ay NF-«xB &% 2,

2.2 MAPKZEKE SiE B

27 47 3% A | P ¥ (mitogen-activated
protein kinase, MAPK) J&FZ I A 5 B AR ST
B A, U CONS P 28 8 5 AR Sl
P{Z— . MAPK RIS 5 3 % BE 8 i 1 4 20 i P
F . TNF-a. {GMESZE (reactive oxygen species,
ROS) . M4 N B A4 K A+ (vascular endothelial
growth factor, VEGF) %, FZZS 5K
VAN 2R SR ]

WF R B, 0 TS AL BB (stress-
activated protein kinase, SAPK) /c-Jun 2 & A uiifd
fif (c-Jun N-terminal kinase, JNK). p38 FI4ififi4h
VW E H M (extracellular regulated protein
kinases, ERK) 7E P 1) MAPK 7£ 4 £ iR 17 %
BHE P IAEAE B, 3 v R A AR T AR
(amyloid precursor protein, APP) AJ®EmR b =
HBUEMIEEE H (amyloid B-protein, AB) ', [A]
IFPEVE S AP1-42 (/N BB RL v, p38 HI ERK Y B
R Ak AR T 10/ N BRURR 28 2 RE R AT 0 ) B B
TR UIAR G P, MAPK A 53 % 1 1% PR3 5 LA K&
HARH: FABIEAE EXERA BrE i, il
HSCA B BRI 7 R R A
2.3 PI3K/AKT{=Si# R

JINJE 5 20 1 A2 35S T WA TR UL 3- DRl
(phosphatidylinositol-3-kinase, PI3K) /& FH i B
(protein kinase B, AKT) i #% ', PI3K/AKT i&
BZ5UMARAE RN . A0S AT . PI3K A&
H1 = AN SR I O A AR R B A . AKT L
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THe, & MERERHEIMEER -3

G 2 N iE— RN ME S5 500 PBK ™4
5 ARl PIP3 S54E AKT 5, AKT & fu i/ 8 1
it 1) 20 e ST RN 40 M A% RS B, FEARMAZ R R R
T BT, [ AKT 0 i 5L 3 ) 78 i 4 22 A
(mammalian target of rapamycin, mTOR), & &
NF-«B B PRI ik S AE A 75 & 2 — S AL R il
(inducible nitric oxide sythase, iNOS) FIFA LG
(cyclooxygenase 2, COX-2) B R 4iE 4> i 1Y
ik,

2.4 NLRP3{ESi&E#%

MR G5E R Z KRN 3
(nucleotide-binding  oligomerization ~ domain-like
receptor protein 3, NLRP3) J&AE/IMAJE—Fh7E
WA R B h K Rk n) WA 2 A B A
Y, R RGP R E R N — P

i W14 NLRP3 & ﬁ/%%&@ LI

o: o ISR T

LI SN B S A A SR 5 A 3
PR32 (pattern recognition receptor, PRR)
40 TLR 53006 JA sh By BeJs . 1755 NF-xB {5 18 i
(LTS, E I NLRP3 . prolL-1p Fl pro-IL-18 25 fij
IREE SRR IR B PRE YA B,
NLRP3. ¥4 12 A & BE & #F & H
associated speck-like protein containing a CARD,
ASC) Fl2f: it K 4T i 1 (Pro-cysteinyl aspartate
specific proteinase-1, Pro-caspase-1) %% & I 52 i
PRAE/MAERZHZE . [RlISF Pro-caspase-1 Bl Ak ) A%,
“hy ELAT il 36 P /) caspase-1, caspase-1 ¥ pro-IL-1p
il pro-IL-18 2L if# Sy it 2 ELAT A 4 16 1'E B IL-1B F11
IL-18, MR E %5 S o T caspase-1 i 2 V)|
HZZED (gasdermin D, GSDMD), MIMi7E4H
B IE AL, g BT

(apoptosis-
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Fig. 1 Neuroinflammation related signaling pathway

E1 #HEREHEXESERE

P50: B FxBIH1 (nuclear factor kappa-B subunit 1) ;

RelA: V-rel 1R Py Bz 338 £ 9 57 98 25 R[] PRI A (V-rel reticuloendotheliosis viral

oncogene homolog A) ; sMaf: Small maff% 5% [K-F (small Maf transcription factor) ; serd73: ik fk 22 & R/ & TR i B# 47317 5. (Serin

473); Thr308: 2 fh 22 2 1R/75 24 IR W 308 47 A5,
factor2); Cul3: KM3HEH (Cullin3) .

(Threonine 308) ;

Nrf2: #HFL R 2452 F2 (nuclear factor erythroid 2-related
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HHRMFTRFR, £ AD, PD SR THERH
i, AB. aZfii#% & (alpha synuclein, a-syn)
A H A PO NF-«B {5 5 18 #% 1 — 25 P06 NLRP3 %8
SE/IMATEAL B IR BB B, 80T DL I MR ok A4
PRI P SR 1 9 AE /IMA (9 28 256 FHHS . NLRP3
SAE /AT J5 175 & A0 2 RAE SN XN EE i N AB
o-syn U ESRIT S MHERL, B TR ITE & A
FUFINLRP3 RAE/IMATE AL 2 18] G PETRER
2.5 Nrf2HO-1=SiE8%

W s 40 R 2 HH G -2 (nuclear factor-
erythroid 2-related factor 2, Nrf2) JEZHfEH#5%&
AR P8R I R 9 RE R I DGR DR - Y R IE R AR
FRAAMET, Nrf2i@id 5 Kelch HE3 4 SN b A G 2R
H 1 (Kelch-like ECH-associated protein 1, Keapl)
S5 6IE U G NN B 1 o AR A BT R
R AR S m b FARTE RS . FERDIRAA T,
Keapl 7515 P21 e 2 PR TR FE AL 9 SE AL TR 1, Nrf2
W AW i 25 95 2 r B A A% b 0, Nef2 il 5
Nrf2/ARE {5538 F& 30 5o Kbt A g OpL g, -
Pa T U AR T R, A 213 0 AEU - 1
HO-1) . # % fk ¥ b 1k
(superoxide dismutase, SOD) %%, 7EZEH¢4H g
AL AR S A DCHEE Y HO-1 S AR ™
PIrT LIAI ] INOS . COX-2 DL Je— R RAE H 11
77 A NI A AT E AT AR AE R 2

WF5ERET, Nrf2/HO-1 55 NF-«xB i [ 2 [H] 77 7%
L. HO-1/EN Nrf2 RUFBIL N 2 —, Pl L Vi R
ROS FHII ] NF-kB 1% PA R BRI/ IS 57 40 e MLl
M5 M2 ARAL 0 SR BTTEAE H, Nrf2 i@ it 5 NF-
kB ZE PGS AP, il T NF-«xB 755
M RAE N, TE S —FA BRI AR . RZ,
NF-«B 3 i 33 F 32 40 1 235 45t BB 470 1) Nrf2 f1% 4 5%
IR, M E Nrf2 5 NF-«B i % 22 [ A HE T 0Lk
(TR R 2 1

TESAERAET , WIS AP 28 1 o 20 A A B e
Z G 7 0 A B O, R R A R
MAPK/NF-«B 3% A 8 K |, 51 5 9 IE Gk
R, FFRETBOR i ARAE K FTROS . 3% 46 48 i
FFIROS — 7 M M 4B E it 20T, fefii s
WA R oT i —m, A
A RAE RS2 AR BT BE R L, ROR R AE
Ko FIUL, 28 9 0E Wi S CNS H 45 e Al
ML, TE— A EACHE . B2k a3 &
4, mAFECAT A .

(heme oxygenase 1,

3 fERAE AR

3.1 LPSt&3E

LPS XFRINHEZR, J& 82 [RFIPERAMNE B A
SR G IR 1) — BB 4544 o LPS 0N BRI e ot
Y FR BV2 FI/IN B AR/ 5 4 A A5E 280 8 4 FH T
P2 RAEIAEST ' LPSYER Tl ) e &k
TLR4 1 & B & g £ W 45 & ® A
(lipopolysaccharide binding protein, LBP) 3k,
W5 0 TLR4 S S AR 56 S, 30T NE-«B Al
MAPK 15 5 18 4 i 8l 2 5E Ik K i 7 /NI o
IS S, B AES JBINOS . COX-2, TNF-
o, TL-1B S5ERAIR il i B B, RISV T B R I o 4
ML, iUk R RAE N, BT kK — RN
PRI

WS I TR T BE 1Y 25— P AEAE T A LPS
V53 B A S RE AR A TR0 . AR AR i
W5 &I, BV2 20 i 28 LPS b3 30 min J5 AJ
WZ Z2 b S AE A Joi i A B RR A K- Ty, £
§% P65, P38, JNK Fll AKT. £t LPS 4h#J5 8 h,
BV2 41 g 1 4% it A 5T IL-1B. TNF-a 1 IL-18 fY
mRNA 7K L, 28 LPS 4b 3 24 h J5 £l BV2
MM b AAEH Tk, ATERE] INOS Fl1 COX-2 4
AR B0 A, NI/ (human
microglia clone 3, HMC3) WL HFH ML R
JEARAY  XSEEERPIR ) LPS Al LGl i s Z F s
S EEAE R TR, 5T/ N B A A 5
RERCN, MR HEL R 22 S8 0E 1Y) & A i i 15
3.2 ABIEE

AR 2 APP S it = A i — RIS R R 11 ' AB
R BE AT LA BN, Horb AB40 FT AB42 2 K
firh AR EEIE I, AB42 IR AEMI I T A%, A
R GIRTTIESR , JUHIE AD A R 7 K %
AHIE 53

AR REWE 5 /)N e T 4 A 3R 11 A2 AR R SR
I FEVEIE R3Z K (scavenger receptor, SRs). GZ#E
M Bk 3Z 1K (G protein-coupled receptor, GPCR)
FUTLRs 55, /N J5T 4 M A EDIRAS 3 Ts Ak 1)
M1 RY, 5 BT /DN S o 200 i DY B3 45 p38 Al ERK
Ca™ I H 1) &5 7 il 20 R 1Y) 1% 2 R i 2 (Proline-
rich tyrosine kinase 2, Pyk2) o & H ¥ B C
(protein kinase C, PKC) fi'7iHfbikass, W)
TRIEM RGN o AR IS I/ T 4 i i 7
2R R F, WIL-1B, TNF-a, TGF., Mt
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T, &: MERERBEERIMRIE -5-

giffe itk 1 (monocyte chemotactic protein-1,
MCP-1) ., #MAZE, S-SR LR
33 SHERIFEE

A B #| ZF (oxygen-glucose deprivation,
OGD) 3 1 Xof 21 i 15 75 S5 AR R el 28, HEAR SN 20
TRV AU i A R AU O SRR Y T e 3z ]
TSR et 45

i B8 1 V%) o 28 9 S I AR B 47 /D T3 4 e
IV T IS 4 6 A 0 48 1 /AR B 3 I 4%
G 001 355 BRI SR 2 M ) AR AN S B A 4
THRRR A, K — ZR I AR F s o7 an A e
WK AME . LRk i4; . ROS FIZHMI PN Ca T 15
A 0 e R B VR T /0N I 4 R T
AL, o3 R e R N 5 W IL-1B, iNOS F
COX-2 45, {ifift NF-«B {5 7 i % Jf-J#7% NLRP3 &
PE/AMA [RGB IR, FEARSCREAR T 2B
G T 240 o i i S, R M T A e R B e
R A2 VAL MR R ALY, P24 IL-6, TNF-a.
IL-1o., IL-1B fly 3% (interferon-y, IFN-y),
INEE G
34 BMmmER

H & P Wk ™ BT Bt il (subarachnoid
hemorrhage, SAH) J&—FpfipN I, =23
kIR 245 e o SAH Jg /N 5 4 B 4 380 I A
U MIELM23RA . WS RV ) A5 LD
FI A AL 5 BV-2 4 i 5- R | G g (5-
lipoxygenase, 5-LOX) ik, M1k i
i, AR KRB R KT, B THIMY 24 hs,
OX42"/INB ot 4 i i &8t | 2 14, GFAP BB Ji
JoT 240 L 240 AR RS R, 35 554 v £ 4% 240 i IR -
IL-6 F1IL-1p mRNA FikFH o,

3.5 MPP+1&3!

1- H 3 -4- O 5L ik iE A5 F (1-methyl-4-
phenylpyridinium, MPP") & 1-H 5428381, 2,
3, 6-DUE Nk BE (1-methyl-4-phenyl-1, 2, 3, 6-
tetrahydropyridin, MPTP) FiEHEACH =Y, HA
1o BENG VPR 0 MPTP & a5 2o 1l fiki 5, 1E ARG S5 7]
TE B 28 J 5T 44 fL B A4 5 i % fk i (monoamine
oxidase type B, MAO-B) H1EH T4k R HA %L
B4 MPP™ ‘', H F MPP 4545 Z LR 26 L,
bt 22 B Re i ot i 22 TR R i, 513k
SRR T b =W IR v BE R T %, AT
HUPR T 2 MR RE R 22T I TR T DA S SOIR AR
W2 I i KT B BEAIR S, R O T M 2 PD

Y

R PD Hh £ [ RE M 2 JC AL T A 43 F LTI 41
THANERE, (M R AER AN TE PD 1) & Jéid
T bl G B T o A B AR /N S 0T 4 R 8 3R
MPP' 0] UL #2355 S/ I 4l e 36 1k, R
CD11b filiNOS ik i, fi£ R4 i TNF-a, IL-1B
IR, R EFEARKIEF 1 (insulin-
like growth factor 1, IGF-1) & ik il 43 W ik 2>
41 AN, MPTP/MPP' A 5 NF-«B 4% 5 i
1 p38 MAPK M iRtk , iERENS N T 22 5 h ROS
() KA, 1 — 25 0TS I J5T 40 Bt T NLRP3 48 JiE /)N
A lesssl o ST, MPPZbE/IN I 40 i nT
D)4 i PI3K/AKt 25 [ 1% TR fb LA B2 A% Nrf2 (19 3%
Ik 10, B INBE AN AR M2 B A
3.6 fREFRAREY

1B (Rotenone, ROT) & M ff e 55 18
T IR IR ESAL A, e
W, E /N AN SR 2 oTse T 5 &
A AR B . A e TR 5 | e S A 1A 1) BB B 1 4
AR 3R 34 ROS - 385077 /N 8¢ 550 440 Jf 38 2o 7= 1= K
AR MY N E Z BRI 2T Y, BRI,
0 JHE 75 5 1 NF-xB 05 1081 T p38 MAPK., 431l
KEAEAR FF TNF-o. IL-1p. iNOS I COX-2 %515
SR RAE . MAh, fmEER % S GSDMD
B RIS UL B NLRP3/Caspase-1 (935 M, M
RAMAET, IR MR N
3.7 IFN-vyixZ

W — S i PN PR T Al i s LAt fig
PSSR RAE IS . RO b R, ShEM
TFN-y o 6 7= A48 TFN-y 940 AE (U T 3bk 4 40 it A
RN B AP RGN, WA SRR
MM IEAL, 51& — RIS G i Faf 7,
BRIMF , IFN-y 1915 L3S T Ui Janus 3
(Janus kinase, JAK) IS H1E 555 T Kb S0
# M (signal
transcription, STAT) F9 @2 fb, 38 o 54 Akt
ERK1/2 5B AR, i IR REE I RINFET
PEM M MAPK . NF-kB 255 5@ 5, i Sa R
E T HEAR 22 5 /N B B A0 T B AT S
IFN-y 38 & % FES L & T 247N i 4 i A2 211
Y. NTRPERCER (INLPS BY AB) B MEERREE Y
T, TFN-y 23 51 & 50 20 /N i 53 40 i 4R e
R T

transducer and activator of
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3.8 CPG-DNA#EZE!

41 B B A A% 17 R (deoxyribonucleic acid,
DNA) Hr R F RS Ak 1 s g - 1 M — A H Rl Bt
(DNA containing CpG dinucleotide motifs, CpG-
DNA) J&—Fh7Erh X o 28 2 40 h BT o KA R AE
MBI DFFER], CpG-DNA TEMR N FI{A
S e AR N B A A A T g . TER A SE R
H1, CpG-DNA BTG/ BT40M, 755" 4 TNF-a.,
IL-12 p40 A IL-12 p70 SFE 2 5, I35l 2
HIIHE 7. CpG-DNA 75 21/ BRI T HH ol
/0N GG 5T 240 B 7 A A A S B B 48 1 7 A
[F]ERF, 7 R BRUAN Ak 25 73 55 CpG-DNA ] WL 4¢3 i
JiE B A o 240 L 35 A R A E B By

TE/NE R A R, TLRO #% 8 IA h & H K fk
CpG-DNA RSP 24 . 75 MyD88 - T ik
I FU#HE 545 IRAK-1, TRAF6 A fbA: K -
B I 1% P4 M  (transforming growth factor-B activated
kinase 1, TAK1), MG NF-kB #l MAPK {5 5
MR, X RO A TNF-o, IL-12 FINO %54
RFATFIRIE, REFFHERIENLE 5,
3.9 mEHEXER

H 2019 478 A 5w R s 7 )&% 44 (Corona virus
disease 2019, COVID-19) KL, HokMBZ K
IEHERA], COVID-19-55 ik 28 R e Z A7
ERYIRFR, KA1 EBE DM OFELEE . A,
B35 AT . DR BREA SRR . FF RN,
PRI EE Y ST AR B 42 0 381 DK R i f v
S H5PUR BB, RIS & S5 /IMA(E
TR FRIE Y AR R, STAE Lk B
B 3D AL ] fig g B e B R e e, IR kMR AR
FRE o ST 70N o 4 R S A A 4 A 1A
¥, UWITNF-a. IL-6 F1IL-1B *°', [ NF-xB. p38.
TLR4 " ¥ S AZ 550 A o WA ST Fridk A]
DAIE 5 06 NLRP3 ARAE/IMASE I 4 25007 "

R 7 S1 AR REVE i 2941, Bl
IR F W, FL 0 B a0 A IS f e k5 e B 1 A
(human immunodeficiency virus-1, HIV-1) YL}
25 ST 28 2R 50 T B/ N AN RS R
KR RE A, XL R T HIREE, nahE
Wi (glycoprotrin 120, gpl20) . 55 e 2k
A (trans-activator of transcription, Tat) ZFffiZs
PR A 1 AL [FE AR 5 1R HIV AH DGR 28 D 0 B A
(HIV-associated neurocognitive disorder, HAND)
W R 2R RAE T Tl TR P22 FR I (brain-

derived neurotrophic factor, BDNF) 14 54 fifd
M RIMCHEE S0, MURBESEAZ &
7, WhigEdZMsRFEMERAE, S 5N
SR GPIN I KR S Y, HIV-1 gp120 Fll Tat /E
A2 BEPE AR AR B ] A S g T 2 A
gp120 7] il i Wnt/B-catenin {5 5 i 1% ] 3 7F BDNF
FEBV2 4l rh R i 35K ¥, 1 Tat AJ 38 & NF-«B i
i EVRIE IR 45 A48 H  (fatty acid-binding protein
4, Fabpd) Fik. BfiJ5, Fabp4 fit #F Tat L35 1)
NF-«xB {5 518 %, 5 NF-«B {5 58 K il —1~1F
S5 I % T ) A S R

[}, — 24T HIV g 825 Yo g™ Ak th i sl 22
REMRIEN . —ZBi LR 259 251 AElh
IR, DL SO i A TS AT 3 0 BV2 248 i i) 5ok
LRLRIT - R SE i Sk 245 ) 2 50N B 24
A5 ) 0 AR 1T 2 ) /0 T A AT 2 T R
fiE O ANUREUH AT Y R, A2 AR 2R
B SR I G 55 IR YT 51N H B9 C5TBL/6 /MR
A P9 NF-xkB 3 B0 | b B R AR R = 1 2 20
i PRI = 25 3 380N BRURH 28 5 i D i e A2 T B
g 7
3.10 BPA#EZH!

XEy A (bisphenol A, BPA) .45 2, 2- .
(4-FRHOREL) ke, B—Rh A SRR EN
IPRBEN W TR, Tz thBRAE AT H B A
w81 BPA [ 21 BRI (5 S AT LA Aok ot i e e A
KM= A 2w, Kk BPA W 8 T4 dpp
ZERAE AN IBLRY 7

KIEMFRFR, BPA REEL 15 /N 20 i 3% 1
() 3% f& 41 TLRs Fil GPCRs 4% &, 5] & NF-«B,
MAPK S5 5538 B B 0es . BPAIRHLELATIE A
BEES T, SRS E TR, ST
NF-kB FUHAMAF S0 B, IR S s s [RlRs,
BPA A DL S AL N, B85 0 4 A N 4 A Rl 2R AR
W, HE— LG ERAER N 1 A, BPA ZREE
HIl55 T AR A A W D RE A S e E AR, AR T
X 4 A1 2 5 A A R T B g 01 2 BUE SR
SRV IR AR B ok SE AR FH AL R [ 42 i BPA 5
SN AR SE , N TR R
3.11 PM2.5t%5!

PM2.5 J& 4825 8 115 HAR<2.5 pum 1Y 240 0kE
Y, REENSIIGYE . PM2.5 ZIFIHE A SC
SE RS, a2 S a5 B A S I A
U BRI R, PM2.5 B TRER 4
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PR, 738 S5 B R — 2D S ol i o B A A K
G, PIRE RSP RGN R & A, 4
5 AD, PD% 10,

IR AMIFFE 43, PM2.5 2585 i i S6 /s
JRE T 20 M35 A R SE o Aok REVT 1/ S 4 L
M1 BEUNE LA SS , FREe W KR R A+
WIIL-1B., IL-6 Fl TNF-0 5515 & RAE S 17, 5
BRIy, PM2.5 REREREARHT R ARG IL-10 FIAS =
PR | 1) mRNA ik, PRELGE A, IEse s R
SEMERE N BEAh, PM2.5 B EE S AL I AR
/K- ROS fiE#IE NF-xB, TRL4, NRLP3 (5%
s E %, I TNF-o, IL-1p Fi1 COX-2 i 261k 7K
e, A INE AR R AE RN O Rl EAIFAY
W, BRIP4l 2S5 PM2.5 288 J5 A OCH
o PM2.5 % #5 F BUR T B 4l MG AL pn s A
GFAP Y&, I3 o 405 NF-xB 15 530 #% LR R
G 9 i FHE PR R IR 5 P 2R SE 10
312 GoREIRAER

AR, ORI & T2 TRk
B AWES N H®E AN D, 99K PR
(nanoparticles, NPs) i # J&48 ki 12 7E 1~100 nm
ZIRI R~ P R T R ABORE R 1 4 R
FT, Sk, WFNGE . BB YRS S 2R
AN, AT 38 27 1 1A B sl 2 iR
I 5 s, DA R G e JReni - ot - A 4 i i 5
B4 AHEA ONS, 5 & EAL I . RAE S
DNA fiifiy= e e mg b 100 Rk, 4Rtz
W TR B2 MR N SN

FRYNKHRL T (silver nanoparticles, AgNPs) 4E
R —FP L R PR GO BTZ A, FE AgNPs
FEFAL PR BV2 Al T, AgNPS RIfE#E M1 A4 ]
FM Ak, [EIATHEANIL-18. NF-xBRYFERIA, HEELS
T AWE RS BHAFOCHE AR, SEAA L,
IR RAE " AW KB, AgNPs # &
J&, W5 APP BERIFRik,  BRAR 28 41 A P i Mk
KB (neprilysin, NEP) FI1K % J¥ i & H &
(low density lipoprotein receptor, LDLR) FJZ&ik,
FEHH AgNPs 1] BEAE AR TR L PR RN 2R 1 i 3838
M AEHS S AD TER A b ke e,

O Ak ik gl K R (silica nanoparticles,
SiNPs) AT DLZEat iR B, X #1282 3R e i AN
AL T BRSR AR, /N IO 4 R A R
Mo ST A R BT SINPs, ZEfIR % 4 NPs/ul  (7.28x
10*mg/L) AY¥ EE T RIAT R 2 ROS 1 5 2538,

Bfi% SINPs R EE WK B A FH sy, COX2 MERIA T L
Hm L SINPs XN A AT B S B B E
SiNPs 2 #% T BV2 4ififl)5, BV2 404 i i 4s
FIRAE , FEIT AR AR . [RI SiNPs AT LA BV2 44
il NLRP3, ASC Fll caspase-1 25 1Ak, FE#H
SiNPs ¥ FE B34 hm, 48 5E Nl TNF-a, IL-1B 1 IL-
18 7Kttt 2 v, 3R W] SINPs AT RE 38 o i
NLRP3 2ME/MAIE T /NG B L 5 5 S,
313 &RETHEER

b SR TRAE Tl . Ak DK H B A3 550
[P AN D O PNE S E S 28 R L RZ 3% (1 Ll | B/
1M, oty A Jd 1A P9 A e TR AN R 75 4w it 2
BT A R HE s R EALNI . P RAE. B
Wi 55— R0 L N5 A i 4

i (Cu) ENNESTFILEZ —, WE—Fh
AR ), W R R AT RS T3
PR A ARG U2 ZE CNS 4 25 R ik &
AT NF-xB 114 /)N ¢ 5 4 3006 AR I 7 i 42 53
P, AR 53 kB FR A . NF-xB p65 #ifR 1L Al
HERE, B NLRP3 . IL-1B I TL-18 f 33k 1,
SR A B, T LTS MBS B 41t 4306 NO
TNF-a., IL-65584E™), S LIERERI 40T
T [RIEF /NG A B s v RE -5 4 5 R A SR A
P NF-xB 38 B JF — 25 06 A 06 . Bl 4 7F 4 i
IR B, O T 350/ i 5T 4 b 2o A4 1 s 25 6L
NLRP3/Caspase-1/GSDMD %l (4 1 BE ik, 51&
RAEMIFFLRRERL 112,

A (Mn) )2 2R A BRI RE A — Pl T Tl
JUER, MK R TR S BT
o AW B, MRS 2 TR A
FRMPARZEH, FEAE AR B Py i 15 253
Ok LR UL AR IRy (1] Al [P 0 S
B, 4] DL 2 5 0 LPS YT 14 /N e 5T 4 g vp
TNF-a, IL-1B., IL-6 FINO ARk, ¥ 7% NF-«B
{5718 S A oT A . BeAh, R
b HH BV 41 it GE L 7E NF-xB . NLRP3-Caspase-1
EGE K, JEIEIL-1B, TNF-o 2842 48 B T Bk .
[F] S 4 340 B 38 3 fioh & 1 W 3 6 AR ) T I A O
NLRP3-Caspase-1 4 PEAARHE G0 SSRE SN 7
3.14 REEYRRE

KRN AN & B, S0 0B ARG
Mol PR IR T A e M ) T R S T p 2
RAE 20

WFFER T, T BE L% 1 I 100 B e 2R A i
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W, AENECAR S /N A 4n i TLRA 456 . 34
1% NLRP 4 A /MA S5 25 4 5K BT AE AR A5 538
B% U ELTRG R EEREE N KRR RE SR
iy, T PR RO EE AR G v DL I R A JORE R T
FERRPAE IR 2 A, S8 AT R4 NI T 4
PR EE . WG4 . WAk A5 AR 3R ) BE R IR 4 M 4 R
iE 2 [RESRESEUE R, M RERRAS 25 A TLRA 1 iE
H 434 #5 F1-2 (myeloid differentiation protein-2,
MD-2) Kif55 TLR4FZER AL, D54 TLR FL{k
ARARLEY 7 PTG TLRA {5 5 I o RAE LB 1,
WS- 040/ NS I 4 3840 T3 AR 28 9 A A A Ay S e e
i A2 0 PR 28 i FE 2R T I BT 4 Sl ok TLR4 A
Sigma-1 52 1A ] 422 55 B HE2 B0 /NI 5T 240 N LT
JEANM, fl& T eSSl AL 4G NF-xB . PI3K/Akt
FIMAPK 38 #6455, fEdF 25 FhA0E - 3R35 12, I
Gb, DR RAERE T T R Z B, KR
JeT T & FEORN AL, 0% NF-«B 5|51 %
SEM L RAE
RERI, GnLPS. AR, CpG-DNA. Ji#

A DA TR S5 JEURH AR L BB A5 A A5 FL R i SR |
KM G RAE SRR, BB I RA G [
¥, M IFN-y, TNF-of5 8145 GE 08 R ABFSE
R A PR R SE RN R VR R, B AT
PR 2 BRI . (ERBR TS SR — AR PN T
A YNl EATSE (TS i v i
W BPA., PM2.5. &JBITE . YOKIREIRISE, 7F
BFREE V5 Ye X2 R G852 i A Hp AR B T S b
BIHBE . TR TAERERNE A, FEOLRSS
TAFREAL LRI G AB E R AT BRI . it
G, AR AR 40 OGD . MPP* . AR . A5
METHE A, BEME T b g g mL A AL R 3
SIERM A REE, HA R HE .
SR, 3K BEABTIRY AV PR Bk Jir PR 2 1 A (AR 1 At
ZRIES RN M N RIER, fE&TPRffR
E A IRHLI I AAE— o PR e . BT, AR
PR AT AR I AR BRI . FERERAH G
SRR AP OLRIER B A2 Wy e A A (] B3
PRI L LA ZE S

Table 1 Common neuroinflammatory cell models

®1 ERMEIEMERE

, . —— 5%
H il Seb 3 7 2 AN ] oAU ER AN ,
SCHR
P65, P38, JNK. AKT. IL-1B. TNF-a. IL-18, INOS. COX- -
LPS BV2 Img/L; 0.5~24h 5 30
LPS HMC3 I mg/L; 24h p-IKK. IKK. IkBa. p-P65. P65, NO. TNF-a. IL-1pB Lstl
ABl-42  BV2, /MRIFERER 5umol/L; 24h TLR4. MyD88. TRAF6. TNF-o. IL-1p. IL-6 L1361
AB1 - 40 BV2 5umol/L; 24h TNF-a. IL-6. IL-1p L1371
AP25 - 35 ANEREAR AN 20 umol/L; 24 h TNFa. iNOS. IL-1B. Argl [138]
(5N . ¢ . -
“ BV2. HT-22 5% CO,+ 95% N,. 37°C; 6h TLR4. p65. IL1-B. caspase-1
L5 BV2 Img/L; 0.5h LTB-4. IL1-B. TNF-a. IL-10. TGF-B L1391
MPP+ BV2 Img/L; 12h TNF-a. IL-1B. IL-6. iNOS. COX-2 L0l
ROT BV2 1 pmol/L; 24 h IL1-B. TNF-a. IkB. iNOS. COX-2. p65. p38 6]
IFN-y BV2 50 units/ml; 2~48 h iNOS. TNF-a. ERK. p38. JNK L]
CpG-DNA  BV2. /MRIFEACINEE 1 pmol/L. 3 pmol/L; 5h TNF-a. IL12-p35. IL12-p40 L8]
HIREH 10 ug/L,+ 50 pg/L 100 pg/L;
BV2 He He He IL-1B+ TNF-0. iNOS. Iba-1. p65 . IkBa Lso]
S1 24h
THP-1/PMA. HMC3.
HIV-1 100 ug/L p24; 48 h IL-6. HLA-B. CFB. OLRI 1921
MT-4
HIV-1
120 BV2 10 ug/L; 1~6h proBDNF. mBDNF. CDIlb. Wnt5a. Wnt3a Lo4]
gp
LV-flag- [95]
N BV2, HT-22 24h IL-18. TNF-o.. CCL2. Fabp4. P-NF-kB p65. NF-kB p65 9
at
BPA BV2, HT-22 2.5, 5. 10 umol/L; 24 h TNF-a. IL-1B. IL-6. iNOS . COX-2 L142]
PM2.5 AR/ 50 mg/L; 4h IL-1B. ROS. caspase-1 Li09]
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. . . N 5%
A gt} Aab 2R 751 £ A i) oRlIE L e
SCHR
AgNPs BV2 5 mg/L AgNPs; 24 h Iba-1. TNF-a. iNOS. IL-1. NF-kB. MCP-1 tisl
SiNPs BV2 50 mg/L; 6h IL-18. IL-1p. TNF-a. COX2. HO-1 Lol
COX2. NF -«B. p-p65. IkB-o. Caspasel. NLRP3. ASC. . .

Cu BV2. MN9D 15, 30, 60 umol/L; 48 h

IL-18. IL-18

Mn BV2 100 pmol/L; 24 h IL1-B+ TNF-0.. iNOS. IL-6+ L1261
K AN RN 10 . 50 mmol/L; 24 h IL-18. IL-33. IFN-c. IL-1b [43]
A i BV2 200 pmol/L; 6 h TNF-a. IL-6. IL-1B iNOS. COX-2 L1441
J R 20 AT AR /N R Clas]
METH CESAMD 100 pmol/L; 4~72 h IL-1. TNF-0.. IL-10. Iba-1 :

LPS: Jig £ B (lipopolysaccharide) ; AB: PBIE ¥y #E & 1 (amyloid B-protein) ; MPP+ . 1- H 3t -4- 28 JL e fH 25 T (1-methyl-4-
phenylpyridinium) ; ROT: f#fH (Rotenone); IFN-y: y-TH#i% (interferon-y); CpG-DNA: 7 A FF AL 114 i g g - = WEE 04 — 4% R 1)
DNA (DNA containing CpG dinucleotide motifs) ; HIV-1: AZSHPEHEKEE 17 (human immunodeficiency virus-1); gp120: ZMEBEE
(Glycoprotrin 120) ; LV-flag-Tat: 5 flag-Tatf8 %5 2%/& (lentiviruses with flag-Tat) ; BPA: (3 A (Bisphenol A); AgNPs: R4 KK T
(silver nanoparticles); SiNPs: —4EALAEANKIEURL (silica nanoparticles); METH: HIJEZEENE (methamphetamine) .

4 INEER=E

PR ZE JORE S Z2 P28 R U I AR AIE Bl
X P2 RAE IR FE AR A, AR Gl LT
B AT A ST B I . o 28 AR 20 B 7R 1Y
PERRRARTEAI ST (M)A A, DLSE i 2 A
KT o 7 B A RSN R TE 1 58 2 I A4 I
MR AEEE, LASBEAY ] i 22 S0 ] RE 84 AR
ARV A o B SRR TT LB AL B 00 A4 S 0 0
It HAEARIA 544 DAL 28 9 RE AN I AT . 38
T ISR | GE A H PR 28 RAE AR & R
PIEHT, ACKBGYT RSt =%

TEM A RAE (R il B R, AU 2 0E
KRR, W BN ZFh oy diii 2 5052 2%
M2& , YETAFR O AR T — e SR (5538
#, W NF-xB, MAPK, PI3K/AKT, Nrf2/HO-1,
NLRP3 % 18] - 33 s 3 il 28 98 0 (R 1 9 v &
A AR . il G 22N ik, s
SR AR E AL, a4
T PR 28 RAE B SR Ak BLAh, EEXTREE 1S
5 RN R T R AT ERTR YT RS, A
P28 SR AH DCHIR TR TT PR ART i SELE

LEBS , PREIORE AN MBI S A5 538 B 5T
R 28 G E TR A B AT FBER T K 21t S
%, [FIEA AR A RIS R R S BR AL T T RE Y
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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 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
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investigate neuroinflammation, each focusing on different aspects: pathogen-related models involve substances
like LPS (lipopolysaccharide), Af (amyloid beta), CpG-DNA, and viruses; cytokine models utilize IFN-y
(interferon-gamma); metabolic stress models include OGD (oxygen-glucose deprivation), MPP+ (1-methyl-4-
phenylpyridinium), rotenone, and oxyhemoglobin; environmental toxin models encompass substances such as
BPA (bisphenol A), PM2.5 (particulate matter), various metals, and nanoparticles; additive substance models
involve alcohol, morphine, and METH (methamphetamine). 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.
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