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MRS M 2 R85 AT AR T, 4
Jeil 9 i PR - 38 3k 32 45 0 ot i o R B Rk G B 2R AR A
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WhOERARE R N RGE L BESE R B, SAE BELA A
W O X P e 3R A8 B F o« (tumor necrosis factor-a,
TNF-o) . H4fi/ & Cinterleukin, IL) -18 I IL-
6 /K- AT Fh i 8~10 7%, 3 8 A 1 45 345 & 58 finl i
Bifnsh oo T . [ EF, WEPE% (reactive oxygen
species, ROS) il if £ A
species, RNS) 9 K o B il 5 304 bR D) B B 4%
HE— 25 R S i R B

AR, B AT 1E i M2 LIS S 5T 40 it 6 18 Bt
KT (IL4. IL-10) 3R meIh e, X hE
HIRFMALEE BXEE ., fESAEHR D, M1/
M2 V-l g FT M, R Ioh M1 R B = % S iF
FER M, K AEN R R 1 6 (recombinant
growth arrest specific protein 6, GAS6) /AXL ([
FR A O TAM ZE 0, AXL P g 2 1) —
Folr 52 P s 2 R B ) A 5 3 B A N i IO A e
WAk 1) G B I OC—— 300 1% 38 2% P {2 i#F Racl (Ras
M CIHBRERIEY D NMFHEEME,
M2 B Ae, W MR SR RE . X —
e B A - IR T SR AL TR R . ARk G
T SAE b 5 B 48 hE i % S ) 45 58 1 9 AT BIE A
2R,
1.1.2 SPE GAE 1 AR PRK B/ i o 4 i i
WAL, MR S AE P B 4 AR R B 28 A E 1 D5 —
HEORIE, MREEIER Y, JE¥ T TNF-a, IL-18%4

(reactive nitrogen

AKF 2 TR, S A2 A i R R R A IR S
Bt ORGSR ORI T R, e T AE A
6 b PAY B AT O % 3 i i B 9 T IR 72. 504,
60 min i} 4T, T8 AR 0 56. 706 1 X
e X I 5 2R T AR R AT UDAH OG0 fE AT ORI
M o2&, 2 ki & DNA (mitochondrial DNA,
mtDNAD AR 05 41 & 7 A, 7 e i 39 1)
KB . mtDNA S ML 30 IR &1 -
A LB Ccyclic GMP-AMP synthase, ¢cGAS) -F
P& AWK 7 fF 5 8 B (stimulator of
interferon genes, STING) il [ : cGAS & Al
mtDNA J5 A5 B A5 i 26 5 17 R IR 1 IR 5 il
it (eyclic
monophosphate, cGAMP), 454 STING & H I il
J& TANK 2545 3 1- T4 = W 1 I8 5 3 (TANK-
binding kinase l-interferon regulatory factor 3,
TBKI-IREF3) #l kB J# § -#% [N ¥ -kB  Cinhibitor of
kappa B kinase-c, IKK-NF«B) {5 5%k, T 1
TR BEMRAENF 2K . 7ESAEB R, g
Oy CATIX STING o B2 #0i l id 52 (R BLAFE 22 &
MR /75 & R % H ¥ 3 (receptor-interacting serine/
threonine-protein kinase 3, RIPK3) 45 8 # £ 0
PR E A% U8 T R A R 7, i STING B il 51 C-
176 A A7 BB e g A

guanosinemonophosphate-adenosine
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TLR4/MyD88/NF «B LPS %54 TLR4 2R A F R, M1 A A RFEMRE I H NF-«B)
cGAS-STING mtDNA it IRF 3G KA 0 12 C-176 (STING #li il 71)

GAS6/AXL
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Racl #& 1k . M2 # fb A KA R R 6

Caspase-1 %, IL-1R AU BEALAR (il NLRP3)

1.2 Ifi i 5 e A A %) 4 2 ML

121 HWELEABEM KGR (blood-
brain barrier, BBB) 1E & i X #ift 48 R 45 3% £ M B
B, g MM IR & SAE MR sh 33T . T ARk ¢
T SAE  BBB B 4 70 B e = T s 1) 24
5T 4 W3R 2. BBB D REMR T ili G4 10 45 N 12 4
JiL R FLE ) R R A AR, BT E WM
Wi M Coceludind . M5 M (claudin-5) 1 FA 4
/N4 FE 1 (zonula occluden-1, ZO-1) i, &
) B 5 s BEL L o AR oy A I 4 A kR
SERAE T, RIERF (JUHJE TNF-o FIL-18) #
PO K AR, B R & B B I (matrix
metalloproteinases, MMPs) ik . H o MMP-9

i 15 B i occludin AT claudin-5 B2 % 38 5 % i H2. 45
o I RBFEUE S, SAE &4 3% - BBB it i b5
EP P 2R R EE E (S1008) K F 2 3% Tt
=, T A R FEKE IR T AZ AR bR R R 3500, HAL
il 55 40 i MMP-9 i M % DIAR ¢ 7 B e AR
Sh, AR W S 5 R I R HNE WG
o R RO BE R MR ORE O O RO
fi2  (nicotinamide adenine dinucleotide phosphate,
NADPH) ALl ™ 42 R B R4 ROS, il 3% 4%
R AR R T I RE R

1.2.2 P4} 40 i TREM-1/PI3K/Akt i #2025
SRR WNE TS HE 75 T N AR b R 2 e k2

& 1 (triggering receptor expressed on myeloid cell-
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1, TREM-1) 7E SAE A0 . 4 558 T Ik
BAE A ME R, NBESFZi T4 (induced
pluripotent stem cells, iPSC) 43{k ) BBB 5 Y
TREM-1 &3k 3 Fl. 7EsiSis b, Fr itk
R AL 40 TREM-1 7] 36 4% BBB ¥ i FA 41 i
g, HHLH B & PISK/Akt {5 S @ ag 84 7. #l
il L, TREM-1 30 )5 i 18 4 3 F DNA X3#0E
£ H 12 (DNA X activation protein of 12 kDa,
DAP12) Jg h F i PISK #f e 1k, 350 Ak b 4 .
b BE TS 1 Akt — 7 T ) s R UK HE 3R
O1 (forkhead box protein O1, FoxO1) , g />
occludin & K K35 5 57— J7 IS T L 3 1 o 0 85
EWEHAE AW 1 (mammalian target of rapamycin
complex 1, mTORCL) i %, {2 #fd R K+ &
B X — & B AR T OB T TR M . )
TREM-1 [ & & H N i PISK/Akt il #% . 525 UE
S, PISK A0 550 A7 9 Bk TREM-1 i Bk 14 £ 9 76

Ik T ZA5 5 iy o 2k

1.2.3 TINS5 E I AR PR
T A A% B R B & e O BBB B SR $2 4 T B U E A
20254F 7 A, o [E AT BA SR 560 nm 75 i i L&
BAR, B R ICHNT SAE B AU i 55 5 AR 1Y) 2 2 M
Do 2 4 AR R R I £ 26 7 PR R L R,
o 5N B AT A I R, A FE R ik 1201
pmo JREERE 5 S 00 I G B S sh A AE . 6 h
R HE B 3 T B 52 %05 7 d R R AR R A IR AT
I 78 M55 % BEREAK 29% , 4y SCsi /b 43%, iF
Mg m 22% . (AR FEEAE, B2 E X
WS B R)E (MI/M2IX) 4% 8 T %
34%, M ALSE K Z AR BN T A B . bR
54T R 2 D0 B W e 0 D O D R
16 BE B 0 D 45%, E 52 is B 2 R B e 55
X U2 R WK SAE Y 5L 5192 W RS o T 9
AT H TH,

%2 SAE ™ BBBRMIRHI S FHLHI K T HK M

O HLHI Sy T AR AL, 9o B fr S F 9 S s
B I i MMP-9 4 ,occludin v , claudin-5 ¥ BBB i if5 P 4 i A EAEURE (il MMP-9)
M 2 TREM-1 %1k PI3K/Akt 4 ,FoxO1 ¥ TR AR R TREM-1 4 i 51
ol i 5 3B 4T P AR MBI ¥ 29% /3 32 v 43% IR L3 2>, o 26 T B 1L A 47 55
E=RIATE NADPH 4L 4 ,ROS A 5 4 1 SR AR 1 Nrf2 i# i 1

1.3 Zobi AT Re bR G 5 AL
1.3.1 s ARB el S S AN B LR R AE 40
Mifig i ), HUjhe e fs 2 SAE #2480l 0 i 4%
DI, MRBEAEIRAS T, RAE P R A N 3
L RARIE B G G IEEM S, ATP & o >
50% LA b U AE B PR AR oh Mg T X
Mk B C(adenosine triphosphate, ATP) 7K [ &
iECEE 8 8050, ™ 52 W Al £ JT W TG 3 A58 fik
ik 2

P B AE 5 fE LAY SR A AR T R A o /N B BT 4
i R R T 440 i 8 7 A o i ROS FTRNS, 4L
AT R A A, XIS
Gy F VUt SR AR BB IR, 5 3R H A7 9 i R i
M AL SR TR Y BRSE P IESE, kiR gy
P50 L P Drpl SR, AR SAE AR R i
Wb, G AL T 5w

Ry AR AR, Al BT A R E2 AH DG
F 2/1 48 % %A B 1 (nuclear factor E2-related
factor 2/heme oxygenase-1, Nrf2/HO-1) #i & L8
P o A R FE UK E W O O B, W R T AR
169 B AL Bl % PR BEAIRRE BT ok Ak T Y

Y A, UUERE BT F 1 Csilent mating
type information regula-tion 1, SIRT1) 1E & 4 Mt
e B WE Wy T B iF R (nicotinamide adenine
dinucleotide, NAD™) HHi (1 25 £ WEAL B, 8 3 ¥
I 3k 48 Ak ) it A 3 BE ) TG A2 ARy R0 R
la (peroxisome proliferator-activated
receptorycoactivator la, PGC-la) {5 £k {& £ Y
AR, 3 XK HE & 1 O3 (forkhead box protein
03, FoxO3) EiFL A RIL, Bl IR
L

1.83.2  ZoRifhk Fuid fE ) e Ml 2R (A o 22 )
ZORE R AR R B ARRAS M SAE g F-
PAT W, EFRET, MG E A LRARSE A
1/2 (mitofusin 1/2, MFN1/2) . i £ 35 41 & [
1 Coptic atrophy 1, OPA1) fi ¥ £k b 44 ™ 25 1L |
MTNEYEA:, 2READDEAMKCER
1 (dynamin-related protein 1, Drpl) . %24 & A
1 (fission 1, Fisl) WA S2 W Lehifkir ey M
KERE, GE R A2 3k Drpl BERR 1k, B B4 2,
N 2N N Y SR U = R NS % N NI
Wi 2 TE R Z MR AR S . SAEH, M &



* 240 - b | AZE SN g 3 114

HATE W2l

2Rtk A WE ik 12 (PTEN-induced putative kinase 1
and parkin, PINKI1/Parkin) i 7% P F [, S5
SRR R, B T R, SIRT 18
SRT1720 8 i ¥ 4 H WA C 1 16-1 (autophagy-
related 16-like 1, ATGI6L1) R#iry [ Wk, Wl
SAE B RS A b A58 A3 5 7 M 5 Wk 00 b i
PG 2- 85 & BE 1 B B (sphingosine kinase 2-
sphingosine 1-phosphate, SPHK2-S1P) 2k 1§ 1
o B R AR A W BE M, R STING 5 5
Wns

1.4 4HBEAE T AR Y 0y EOS

1.41 MMM TSR ER T TEfRrZ RIE
AR EFAENT, METE BT, 4
JEL R TR A R A R, W B SR AR S R E i
1k (mitochondria outer membrane permeabilization,
MOMP) Fl caspase IR G . SAEH, {21248
F1 Bax b it 2 ZR0 AR 5, Rk 40 M (5 3R C JF i
caspase-3, it 2533 DNA J B A6 A0 40 il fige 44 7.
W9 &, SAE 351 5 IX caspase-3 1 M T+
Bl Bl 28 JC FF S ME M B AL B8 (neuron-specific
enolase, NSE) Bt . B T4, B H
T-7E SAE A A A o 24 caspase-8 ¥ 1 Z 41
il o, Z R B A R 1 (receptor-
interacting protein kinase 1, RIPK1) 3z & B /E
& H ¥ 3 (receptor-interacting protein kinase 3,
RIPK3) JEMIRIE/ME, BRI TR & 1 R S 45
W H H A (mixed lineage kinase domain-like
protein, MLKL) Jf7EBBEATAL, 33040 M2 % 1k
W o STING il e o J&2 30 0 1o 25 0 RNA
e W B W 3% BE  (protein kinase RNA-like
endoplasmic reticulum kinase, PERK) / STING /
AN RNA RE N 5T 0/ /32 AR AH B AE T 222
Mz /95 2 R 76 11 % 3 (receptor-interacting serine /
threonine-protein kinase 3, RIPK3) #fi45 # 4
WHEME T, SN BE 6T B A G . Il g o T
WAL T B 4. STING 40 i 5 C-176 il RIPK3
IR GSK872 7E sh Wy A A vh 1y g /R AR 4 /R T

1.42 EMFESHERKMO KM E K2
SAE R Wp B8, RP M Aot T WG M/
I J5 400 0 ek b A A 1Y A A I R o Ak,
1 C1q-C3 91k 52 o G BEAE T 0 AE SAE il
W, NI T AN 2 ik 4 1 CDAT7 Fak R IE, Bk
“WEIRT FYS, (R HER Al A M B Y KB40 M
Z 59U ae AT . —J5 i, HA AR B IR
RN AR5z K 1 (glial glutamate transporter-

1, GLT-D) gk, 5 H05 il H B A = R 3
., R S —Jrm, BRIP40 R
(¥ S100B & A AUAE K BBB AR bR i ¥, i ok
Wik BA 2w v, Ml s 2 3S 5) (long-term
potentiation, LTP) JE . iXEA8 {3 30ph 40538
ROCRREAL, WS I LTP 3241, 4 ai A A A% 1 A=
PR AL

2 FHBTERS TR

2.1 M RE A A T A SE 1RO M
B, B BE I B SAE R YT IF L s . T AR
K KT SAE #0367 1A% 358 245 ) S 0F J 1) 4R
FIWEIE 925 W3R 3, BE R/ e BT 4 B ik Ak, GAS6/
AXLAF 538 g % 52 ek . AMEES T 24 GAS6
# 1 (recombinant growth arrest specific protein 6,
rGAS6) FIPIE AXL 3244, i i /0N 5 ot 200 Jifd 1) M2
RUEG Ak, 344 i LA R M O R R IL-10 S T R A
T, BEUE SAE SN TIRE . A7 SEFE K E
VE R e #E Ve «2- B IR R Z AR B ), © S
i R R R . K2 EALR AR 30
NF B i} B I TNF-a %35 ;18 microRNA-340
PR HE M2 A% Ak 5 30046 /0N i J5T 248 L 3% Ak 1 7 5 IXC T -6
K AR 4050 . IR IRAFZT Y BoR, A7 SEFER
AE IR IT 41 BBB i 3 5 4 S1008 T B 35%, (H
K H A AR R CR AR 15%), Xt
cGAS-STING i #% , /45 + 40 i 57 Je L I .
RU. 521 (cGAS#P#]7#]) #1H-151 (STING 54t
D i A B W mtDNA S 0 TR RN, JsEE
ZoUIRFEME T T Y SRR AL W G B R A 4
W) B AL S s IR T, O T R AR 25 W 4R I o
&

2.2 I f R BE AR B WS B XS BBBBEIR, N K
TREM-1 8 i 571 /& 5 5t 7 . W6 R ag i 55 7 3%
WY, Gl R AR OC e B AR A T N R e
TREM-1 i B 7] & 20 4% BBB &, % SAE /)
FLZS B)CAZ B8 S (Morris 7K 28 2 03 v H AR 4 B 422
B E) ZE K 2 4% ) o T i PISK/ Ak 8 5% 4 i 77 40
LY 294002 1 7% AR L R 4 R B g AT
il ) — SR m . A7 FEFEPK A o 40 MMP-9 i
e, R BB R ZO-1 Moccludin, HAM, £
it 2 7 i R [0 s PE i 9 e R LR 4 . MIMIC-IV 4%
I 253 1 4 650 0] SAE SB35 W, #EZBEmIRIGIT
41 28 d 4 P FE 0 R W FE AL (17.29% os.
30.42%) , H AL ® W K& MMP-9 K o Ay
TNF-a, IL-6% 4% K 7 1,
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2.3 R SAMMIE T IR BTSRRI T BE B A
SIRT 1 #0875 W 58 #4005 . SRT1720 38 52 ¥ 7
SIRT1, 4% Fiif NF-«xB., PGC-la #l FoxO i # ,
VoK % S Ak I O 0 ok AR AR A R T R SEAE
Sz, SIRT1 Al HMGB1 4 g #h Bk, BH I 6 31

HRAE X BBB By #5145 . Bt 4t B FE T i 50 40 38 S
£ T 40 i 7 Necrostatin-1 Fl caspase 11 i 7
Z-VAD-FMK 7€ 8 #) B8 s A5 25 0 0 5 58 f £t
P, RMAAI 3R An B C3 Bt 44 AT BH I /0 15 5T 248 M 5%
il A W, R O mT M M

®3 SAEHEATHBEREHMEMREER

BT/ REZY I 2 WF % W B EEY
R 1 51 A1 ALK E a2 Z M /NF«DB i JAS £ b M1 AL, AR IL-6
STING #1051 H-151 STING & i JAS iy IEL b VK B8 1 9 7=
3 % 5 B ) LY 294002 PI3K/Akt Ik PR 17 447 BBB 5¢ 8 4
R 30 45 54 SRT1720 SIRT1 Ik PR 17 onE LA A
B BER R ZH I DA T JB3t 565 i P FE 2% 13%
A= Py 5 rGAS6 % AXL Z 1k I PR T {2 M2 H Ak

3 ImKREAHREKSRETE

3.1 BRJRRRMESHL R S E RE SAEML
il W 90 A Bk R, R B AR ATy T I 2 ERE AT .
%, MABBAFEEY R 2ZE R Witk 25 Y) BBB i
BT NZE, H/NBE T A0 3 R A7 R 2R GR T AN
W, FIREE A 25 W8 . iPSC SRV ) BBB A A
o0 fire R 1) R, R B 22 M 3 BN O 2E R R 4
Rz,

24 R 3 26 RCR R O — Pk . 2B U
TR Cln/NBE 2R A . 2R oeD , (/NG
FME LA %E 35 58 %% BBB. i Ik J7 AL T R 94K 3
TR R g8 Chn g B ik f ) ol R B O JF iR
BBB. [N, FREALUR S0 a1 STING
FRAE 28 70 /I J5g ot 4 i e i AR FH o BE AN TR
BRI 20 i 24 R0 A S e 2o K R S
3.2 BWHE ARG S METE R W R W
HOR R R UME T T ET 5 o A% 58 SAE 12 Wi I IR
ROMHEBR T, EERIGITE O o D67 MR 4
ARSI E 93 BBB B e, # SAERM M “47
NEET GdE)) ®BAETE “mEZRH” 6h
P O SRR B A TR A ) B N A AR W
Y, W S1008. NSE. A il # % & 1 Bl
human high mobility group box-1, HMGB1) %,
ARG R T R g YL TR B Y 4 LR
IY =TT 1] o 38 Bl B R RO A 1 Sy 32 R AT R A7 £
T A PR /I R T 40 A R O RS A AXL
sl T mDNA B BT cGAS #41
FRT B I B AR K B S AR 2 &
I FE WK S IR 97 W 58 H 3T R L % B R A8 BT I
5440 SV AR A

3.3 KA EITEik 47T SAE 2548 & k=
b HE AL PEAG R &R o A HT D) RE D AN B 45 A & O T
Ho Chn i v R H8 80 Rph 0 Bl 2R s 3R, JRAE
KB V7 2 3~6 4 H LAEAG WA F 5 E . £ X
T AL, B A A B 2. £ X BBB IR
(14 25 ) T 76 e B3 RE M S (6 hpD (R, i p 4
16 2 550 000 3% FH T AbE ) MY 2 i R R
IEFEHESE T B R 1 IR 5 3 A A R e MR
FEVE il 5 0 RN 2 PR B B3 1 SAE R 5 A7 R FEK
FE Y AT R T T R g A 2 000 B R . R
K THERBEAIRITRME . W BBB A A (41
TREM-1Hi{8) HaEETmn (rGAS6) BH, nf
AE 7 AE B )R8

4 INEERZE

SAE {2y e 35 i 350w R IF & e, 4 F ML
WK 2 RE KA LG B B IR . SR AR T g
B ek B R M A M AT T R A 4% I AR I O
AR B ALH] Can i B2 TREM-1 45 BBB i
fi . cGAS-STING i % fill & R FE M 12 . 18 3 B2
EO A R RS, E 2 AT O A
GAS6/AXL fit ¥ /N 5t 40 i M2 # fk, SIRT1 4k
B R 25, STING-IRF 3 %l i #2 #h 22 JCHE T 45
Ak = 2 T N Bk R AT T B A SR FE R AR
T R 19 1 DR UE B8 S+ 2 808 sy y7 s 65 il
RSB WIS Wi ; 9Kk RG A Ei T+
250 i R 2L R Ok T I AR AR Y | OKS TfE
43 RUFN R 2 36 BT 3 52 55 & e 9 ) i R e Ak
I U5 SAE BB 35 1 5 98 A8 38 KON RS G8IE o
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