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Research advances in microglia in the seizure state

SHEN Jia, SUN Fanya, DI Zhengli

Department of Neurology, Xi'an Ceniral Hospital , Xi'an, Shaanxi 710000, China

Corresponding author : DI Zhengli, Email : zhenglidi@126.com

Abstract:  Epilepsy is a group of central nervous system diseases caused by abnormal excessive discharge of brain
neurons. Microglia, as the main immune cells in the central nervous system, play an important role in the development and
maintenance of nerves. Although studies have shown that microglia cells can mediate the development of epilepsy by
increasing bioactive substances such as inflammatory mediators, there is still a lack of comprehensive understanding of the
signal transduction pathways associated with such inflammatory mediators. Moreover, more and more evidence has proven
that microglia play a crucial role in neuronal degeneration, neurogenesis, and synaptic pruning, which is associated with
the development of epilepsy. Therefore, further studies on the biological function of microglia in the development of epilepsy
and the molecular mechanism of microglia cells in epilepsy can provide new molecular targets for the clinical treatment of
epilepsy. [Journal of International Neurology and Neurosurgery, 2023, 50(6): 57-62]

Keywords: epilepsy; microglia; inflammatory mediators ; neurogenesis

WO — 2 P 2T R A R S R MG, FEBUIHEUIR T & B, MG AR B (A5 B0As K A
B B KR 28 AR LTI BE S B N R A AR I A B 58 AT (R BRI B 1 FL S ) G i S8 4 ] i O
A IR Z BRI e ] I 2 MR AR X BTN L MG SR A ARG . Rk,
JUIE 3 b SR, i T 223K 30% RO B AT 251k, BT LA MG 5 B TR 2451 T RE A i R, TR
DLt 3E V) A SR BB IR TR R . B R 2L AR 2GR AR SRR VAT . R, RSO MG 1
MR AR BT, BT K B R B AR Y 3R MG AH S A A B 15 5 Sl i MG X Ml 22 4 2
S R v R SR A D LR /N B AL (microglia, NG fih A 05 25 75 THEAT 23534 , 15 8 0 10 37 0 s 0

EETE B4 H SR 111 (2022SF-418) .

i #5 B #3:2023-07-10; f& 5] B #A:2023-10-30

YEE B A (1998—)  Zo WS AE A1 . Email :2650303694@qq.com.,

BIS1EE KEG (1969 —) , L, FATEEIN, #4082 Wi+, EZNFHIF SIS . Email : zhenglidi@126.com.,

« 57 -



2023,50(6)

FAEE 45 /DN o A A 0 2 70K 285 rh St

http://www.jinn.org.cn

25T AT AR
1 MGHIDE

MG 5L JG 43k 2 Fh O BE I Y« 28 175 AL A0 (M1 D) Al
BACTE AL (M2) B
1.1 M1Z

2 TR R 5 45 25 Ao IS4 AH G 43 AT AT A6 MG
S M1 L, MR SE AR TR BUR AT 3E o — A G R
#% AT kB (nuclear factor-kB, NF-«B) #1515 544 518
PRAE HE MG BRI A 40 i/ K (interleukin, TL)-18 1L-6 fif
I8 R Al 1~ - o (tumor necrosis factor-a, TNF-a) . — %1k
A EEHLMAENEE AR .CD86.CD80ZH{E R H T2
5 & S
1.2 M2

M2 Y =B TL-13 F L4 3005 , TG A0 M2 Rk 1L
100 1L-4 i/ B VR A K W7 R A K-
(transforming growth factor-B, TGF-B)ZE4{ 48 K1 S ph 22
EFRR T, NI R DT R AE FR i 2B
2 MGHEERAESTMERIZ
2.1 MGEEREETHHEZN

MG FESIR & A T AT B8 I 2y B A& VRS
Kong 2 7F 58 K B, S FAE TG 43 13 MG 1837 Bsf 32 {4 Fi 7
1491 TGF-B1 5 Toll FESZ A& (Toll-like receptor, TLR)4 Z
[E) P ot 22 AR PV T L 96 MLG, AT ) 22 348 5 0 2
&M . Somera-Molina 25" 75 % 7 39 1 SLAE 191 /1N UG AR
AU SRR ¥ T MG G bRl (Ibal ) i) 2 15 KOF- 2%
O, sh¥ S8R, Thal A5 5 TLR4 FINF-JB 2 H
B FRIA B IEAC, B MG #9646 5 TLR4 #1 NF-JB [ 3R ik
LLIFARE, 1M TLR4 FINF-JB E #5iE W 2 59000 19 & 18 &
L 3X — P4 #1278 TLR4A/NF-JB 135 538 J% 7] 6838 3 1% 1k
MG, DT B8 IR 2 S 25 BTk, MG A 5 Ak 7
BTN S SR R R 11 & A R R TR R R
2.2 MGEBRBFERSHHTN

MG FE Sy HHX i 28 22 5 v 32 B2 119 G328 20 B ] 3 1ot of
Z RAEME I & . INIBS LORF BB W0 & 1
B R 3E, MG ARG TR Bt 1, 240 i 2 7 4 3 A
B ECRROIN . IR IR FoRE MG FEUR FF 2R A
KAEJE 30 min N B M1 R, BEE WU RS &AL MG
Bt B % K MG I Z 40T, fff N-FHJE-D-R 4
BRSPS Gl i B B Z ARG R, 51k KR B
TP, AN = A B s, SRR & 1B RS M1
YT 7 A8 0 B B SR 2R B M2 B 42 R 7 (TL-
6. 1L-1B) Rk AKFBEAL, FL A I+ (IL-10 . 1L-4) iy R 3A 7K
TR BR MG RIS R AR S A AR T AR S — 0
SEE IR S, (B MG 43 WA R A2 & B~ (CD86 ) ik /K F
FHE PR KT (CD206 VRS 2R I 1) 22 35 KPR A .

PR, e ATTAS BE AR BRI A VE 135 S I [1] 10K 23 52 M) 48
EAT T2 TR S ALICR AT BB , (L 1 MG R0 & A
A O R E 2 AT dE— 2L RIS .

3 MGHEXESENn

TLR /& T MG J5u IS al AR B AR5 1, ml e
375 S ROE o MG H AR TLR 220 T i
TLR2 . TLR-3 . TLR4 IL-1R1 K W B Ab 2K 7 4 22 1A
(advanced glycation end product receptor, RAGE)""' 4
E 175 RB0E TLR J5 AT fil & B8 FE 534k 55 88 (myeloid
differentiation factor 88, MyD88 ) & it A1 AR AR i P 2 Fb 155
53 K TS T A ST B S A T
W1,

3.1 MyD88 kit (= S i@ &

B TLR3 41, B 19 TLR B iZam 7. 4 TLR2
TLR4 IL-1R1FI RAGE B i i, 1% AL i) TLR 7T L 5 2 4K
BERTE LAY, RS2 525 ) B B 1 s R ks 5 A
MyD88 1E A %51, JE AL F5 MyD88 | IL-1 32 (R A 5C3
fi 1(IL-1 receptor associated kinase-1, IRAK-1) & IR5E
H ¥ 27 MK 2 BB F (tumor necrosis factor receptor -
associated factor, TRAF)6 7E N BIHE/r T-2HZ .0 , TRAK ]
I TRAF6 M 73 T LA O fif B, S0 TGER-B 1 Ak i
[if (transforming growth factor-B-activating kinase, TAK) /
TGF-B 1 fL s 45 & & 11 (TAK 1 -binding protein, TAB),
JE B TAK1-TAK2-TAK3 ¥ &4, Il L AR R Ak
—J7 0, Z G 52 5 W] S NF-«B 0 i 2 s
( (inhibitor of NF-kB(IkB) kinase, IKK) J-NEMO /i & &
Yl kB & AR AL , ATIHS NF-wB 54212 B A0l izt . )
— 7T %G S A W) I T O A AR T AR e
(extracellular regulated protein kinases, ERK) | c-Jun %3
vits 2 % B (c-Jun N-terminal protein kinase, JNK)F1p38
& 22 A 4 24 TS A6 1Y 2 H KBS (mitogen - activated
protein kinase, MAPK )i # , 1 I {i 4% 5% R 7 16 461
I J5 NF-kB F% 5% B 3L AR 8h 1L - 18 IL-6 \ TNF-o ¥4
A PR~ S8 DG AR AE A I3 1) BE PR e 3k A1 ot 28 R T 1 K
Az NS S 0 2 AR R . I 1,

3.2 MyDS88IEfR# (S S i ik

4 TLR3 BRI, TLR3 (9 I 45 430 5 B TR
TIR %5 #5 3 157 £ 22 B ( TIR domain containing adaptor
inducing interferon- 3, TRIF) & TRIF #H & /) & Bic 4 F
(TRIF related adaptor molecule, TRAM) 25 & N &4,
WA I 2% 52 4 0 552 4 TRAF3, Jf #00% TANK 25 4 #0G 1
(TANK-binding kinase 1, TBK-1) 34/ , i 2 fdi T4 Z 4
T3 K- 3 (interferon regulatory factor 3, IRF3 )V S5 TR TR
b, P2 o T3 & (interferon o, TFN-o) I TFN-B ik,
USRI

« 58 -



2023,50(6)

FAEE 55 /DN O A A 0 A2 70K 285 rh i St

http://www.jinn.org.cn

TLR4 RAGE

-1

TLR3

ERK P38

MyD88 i 1 44

TRIF-TRAM

TRAF3

(oner)

MyD88 J:#i b ids 1%

TLR3: Toll # & 4k 3; TLR4 : Toll # % 4k 4; RAGE : 0o #9 4 AL 7 4 4K TL-1B: @ 40 j /% - 18; MyD88 : #1 4 5 1L B F 88;
IRK : & %8 JOA- 7 2 A48 K88 ; TRAFS : if 98 37 56 B F 2 4 A8 % B 74k @ 35 TRAF6: AP g 3R 58 R F % 4k A8 X B F 6; TAKL: TGF
-BEAHEEE 1, TAB: TAK] 4546 & ; MAPKs: £ 3L R % & 8 % 91 ; IKKs-NEMO : IKKs 2 1kB % 8 ,NEMO & NF-«kB 5 % 9
% A ERK : 20 e sh R 3% & 88 ; IKBs/p65-p50: NK-FB 6915 5 18 %, IKBs A 435 51 69 22 2B & & 3L B AP-1: 20 I8 M 69 35 F0%
EFR T NF-kB: 43 % B F «B; TRIF: & 0 /K Sk 25 M3 428 & 5 T4 ; TRAM: TRIF X & F 4k, Tl i &

TRAF3;TBK1 : 2 588/ 7 £ B2 8 8 IRF3 . FH LAY BT 3.

1 TLRs##7E & P fik 2 89 MyD88 4R 1 b o JE AR P AZ 5 38 951

4 MGDWHARREFERRPHESEN
4.1 IL-1BESEK%

IL-1B 3 %38 1 IL- IR/TLR4 38 B4 2 5 500 19 & 2E
2455 T DR S ORI 4 I A 5 e 4 0 P el
JIt 3 | L 1 A 28 R 8 S AT AL 0 e A A SR A 2 1 1 R, B
W TR R R 1 15 TLRA 254 )5 , Pl i NF-«B i
% (UL 1 S0 MyD88 A 1 A 5 38 % ) 75 3 7 H 4 NLR %X
L & M BE 45 #3801 2E 1 3 (recombinant NLR family,
pyrin domain containing protein 3, NLRP3) mRNA ik, 4
B L NLRP3 S AE/IMA S 59 , B 5 NLRP3 % 5iE/MA S
AW EI AT pro-1L-10 181 1L-18 AL, B2 IL-18 5 IL-
IR 45438 i fih & ERK \JNK . p38 M NF-«B i i (& 1), fi2
HERAEA TR, TS S0 & 2k
4.2 TL-6/Grpl30/JAK-STAT {5 Si#E %

T Ak 1 MG 230 5 22 IR 7 (status epilepticus, SE)
HRIL-6 10 FEEAIR . 1L-6 T30 3F Grpl130/JAK-STAT
5538 2 S50 & o 1L-6 52K IL-6R I i 2
EW MR ZE AW Grp630 45 & K LR L , R 1L
J5 WA W) FE I AR JAK2 BETIT S5 5 5% 5 SO S0
F (signal transduction and activator of transcription,

STAT) 1 1 STAT-3 & A= Wsla Ak , e & AH Hoam ok — Ak

« 50 .

1% 5 5 K R 5 A1 58 PR B 40 A 5 2 il I 3 i 3R
KPS AN, Grp1 30/JAK S A 3 ik A0 MAPK i 4
(ERK ., JNK # p38) Il PI3K/AKT/PKB & 12 2 5 i #i 1
K
4.3 TNF-o-TNFR1{5S& %

TNF-o FZRPE T MG, — 5, TNF-o Al 3@ 2 2B
2 5 240 e ] R 32 4 3 R AR E S0 & 2 L R S P TNF -
R I T BELLE S 755 14 B2V M 5 24 [0 5 34 2 ik AR K, DA
I U6k A B A AE . 53— 7 T, TNF-o A 38 32 TNF-a-
TNFR1 {5538 H A $E00R & A= . TNF-a 5 TNF 3244 1 7Y
(TNFRD 54 G W52 2 Rk A =R AT 5542 TNFR1AH
KARSFLEA IR (TRADD ) , B J5 7% RIPK1-TRAF2 & &%)
(222 / AR B 1-TNFR A SE T 2) , 6L G
) RIPK1-TRAF2 & & ¥ vl DL #3% TAK1/TABs (TAKI -
TAK2-TAK3) il 52 G4 , #1115 5 NF-« B FIIE {62 H -1
(activating protein-1, AP-1)#i% 1k, T fiE HEAE 58 511
Feik, AR AR
4.4 TGF-B/TGF-BRII{ZSEK

TGF-B /& 1 M2 B MG 431 ) —F 22 Dy i 20 e [5 5-
TE AN 58 AN A4 AR T IR & A R S R TR K
R EAEA . TCF-B 5Z KM 454 I8 25 T il Smad Al



2023,50(6)

FAEE 45 /DN o A A 0 2 70K 285 rh St

http://www.jinn.org.cn

AE Smad 18 A5 5 B 7ER ZAEL R, L Smad il
BRE. HE, TCF-B 5 ThbR IT (FE4k K 1 B I B =2 4K
HNBELE A M N B 5 ThRI A4 L P IR0 2532 (ke 8
fiff 5 (activin receptor-like kinase 5, ALKS) 454 31 Ho
AR AL, Bt THRI C 3ty X 3814 4 2 2 S R 7k o b 005
FFWEIR L Smad2 Fll Smad3 25 (4 , B R 1k 1) Smad2 FIEE 4 55
£E Smad4 2 9 IE il Smad2/Smad3/Smad4 & &4 . ALKS B
18 AL Smad & FH &2 & W3 30E 2 FF MAPK 38 %, I8 15 F i
ZHME SR AT R, Y 5 R e 2 S
PR 1A AT 35 RS2 5T A %% TGF-BINSZ AR %, T 5 [
TP I T AN G AL 28 ol A BRI A2 40 A S Al
PR 9 B 2 fi A AR AR A B 28 5 BRI 28 00 4 A 1 4
T, DA S

5 MG SE Z{EBHEL

ALY MG R 2F 5L T1 15 5 40 i T R B 4, 3 i
SE My ERERE . BP0 [B) B A A T 2% 6 I8 19 ph 22
JUE Bl R R E B A, L & S EOE i . AE
CLPERRVE 0 SEBIRY rp TSRS 4 h I MG LT
FEAMIE I . 76 A& R 7 1 2 AR5 S MG
FIRCRI D . SIRFIE K B, MG A4 ik v] 1 7 30 2 98
¢ S5 240 R A A K, VR SE %) 1 T R R, (EL R £ i R
/N JE BIFET- R, A, MG & TNF-o Y 32k
T8, SRR MG ) TNF-o JE R, SE 375 5 19 22 7 i 5 41 it
B B 2 0 A B 3 Bl A ], 17T TNF - (9 1 2R AN OR
SR ST Ak R 3 P AR MG RS A= 48 b T
iR, SE J& MG K 233 28 52 ) 5L T 15 5% 40 At 2 B A 22 1)
2 S o0 FE AU R AR RN SHURUI 2 it K i )RR S
itsi .

AR, W& AR MG ] fin S0 A& 1 ) AR B, IR AR
TR K AE TG 5 2B AT HEAE . s oE Kk R, 71 1
1755 SE HI 12 h {3 3 K 7 26 3= AT 820 1§ B CA3 FlI CAL
1) Caspase-3 T 21 i R SE0R% R AR o 5 RS Il (TdT) A
S A I 4 R T R T AR S b R A A M A B Y L i
BHIE AK 1 MG 7RI & B J5 5 RS A 23R A TR | TR 2R
F I H MG TG, M5 B & 1
6 MG5MELY:

T S UG DR T P ) A 2 e A o R K o B RN )
REL, MG R E =S Hil B0 & R 5 1 B0 22 8 A i
A4 L. Andoh 5PV & B W 2 VR e I I ok IR [l 4 4
28 0 S i 1o 22 B0 BT 0 B A A T S A o 8 [
B A T ) A e IR E O A . i gR R
MG R 38 3 75 0 557 B A 40 L L 1 KA 755 0 & A I
PR 2 R AR R MG AT IS & VRS i & A4 . A
J 12, MGKE i1 P2Y 2Z A i KA R 175 5 1 & 1
Jer A 28 e A2 K A 2R Tl g A ) MG Ak i
il 2 M T O o 28 e PO, R T MG BT mT LA i 95

K

BEAR , MG XTI A 1 J5 R 28 A i 0 ] R DR 52k
RN S o RO & VRS, MG T 38 i R il 8 RE A o
WP %A o SE i, MG 0] A3 i 43 W IGF-1 g ik
Y oda

25 L RTIR , MG X T0 A A I 00 4 28 % AR 5 T e 2
HEMSSZ AR AT i — 2P
7 MG B# M AEREE T T

AL MG IR HEUR & 1R 5 g ocstr- . BR
TN N TR R WU & AE 4 3 B0 CAL I
CA3 XA TCAET . AU B Th & & R I 47T
BET A 18 A, 30038 R A T EL AR AR /N
BB AR p | B 25 MG it 2 1) 50 38, 000 & A ™ o A
ARG P P15 3 A, 25 28 25 ], 2 BH MG 114 Bl 2 2 o B 22
JCARME L SR, 76 SRR v fit P AR J RIS R 5 1 2 A4
il57] pIx3397 Ji A B, MG 23 I 3 s/, (EL IR T e 28 0 f 2
T J52 I A4 e e A T s Y PR, T R A MG U
- n] DU SR & VRIS A 20 AR P . Liu AE5Y BB 5
S5, MG AR B gl v] LAPD L 4 AE , JEBR IR R 2ot
RAE, 45 F TR TE MG X2 TR AR 5V T8 450
FAEF WA IR 555 T 2 TSR3 R
8 MG 555

TE R A BV S8E v MG 7] 2437 5 fih 1) 245 ¥ 1 3
fiE. RN ERIE LT MG & R A TB A RAEBT R H Y
I 5 fi

JINETE AR A ) 28 MR MA 4> (C1q AT C3) AT
PAVAAT MG 09 2€ fl A& 8 o 78 B AR 22/ M5 T (1) SE i A
o RS XY Clq FTC3b B FRIKIE i, MG 16 L F8 45 Thal
B 2E 2 i PE LI, SR L iC3b AR (1K E 5 R PR &
VEREIEARSE™ S FTLL, MG R AMAAR A 1 28 H 1) 75 W ] BiE
S A 0 E R A OG

TE SO LR, MG AR R A 5 2% 7 P F04 i) 4 2
fie, (G A B ) T2t b . Fan S50 L TR, 21 8 R
53 AU S R AR 00 2 R I AR rh Xy R 2 i S H R e
T, I 2 ik B S 2 | i ELAE I AR S R 2 B MG
SUEATIE BRI 28 A s, AP P 2 flk o o BbAh, Bl
LT IR SN A B TR 63 d 5 MG RS /D 1B 24 K
FUE B R SRS ) i S R AL 5 K MG & )
B PRI, MG Xl 2 ik 1 0 S A8 B T 5 3501 1 0%
Zr P v TR SN VR K
9 XTIHEBEEHERIT MG S| ZEWHNERE

I RA WG B, 72 R LT 1 18 TR R AT LA Y
MG A BCITRE . 25, il B A A 14 15 MG AR
SR T 52 M R 19 2 o 9% K B, 7 T B /0N R ik
ZH AU Y R A MG 1) B8 3 22 T A MG 3R 3R 41 4
ARASE , MG 1 N BERE 7 B G e T 23 32 205, 6 45

- 60 -



AR MITERIR A AR P O

http://www.jinn.org.cn

2023,50(6) WA, & /NI
E B Y IR R J5 , B4%3 1 MG ] LUAS 3] —
E%ﬂ“ﬂ’ﬂ%i % IF L BU 1738 TR R AT LA 3 1815 MG RS R

BTG AR RS R 1 & A e R B T B A ]
3 AR W s o A . W R R R S
1 TP R 25 J5 T G L8 I 5 40 it Hp () 7 S R 7 0
B ke Sz R, DT A0 ) e AX B 28 3R 5 40, el R U K
PE S BEAh , Zubareva 2 S 5T & BR, A6 550 Bh 41 A
R S AR B T DUZE SRS MG IR B It & R F TL-1Rn 3
PR 23K 7K 1) TR) B AR 48 R TL- 1B I PR 3 3R /K OF o
15 I I 4R B T R 3 R T MG T Ak St IR 4 1
P29 AE , TR B 2R EF o
5L b, A AR T MG S 50 & AE , 18
VR S BE AN (A Th17) 8 3R 1 i 5 i \?ﬁﬂﬁjtﬂmTE:
i — T A — B I P B R 2 A P 5 o o 3 T ) 5
A S RIRORE 09 & A R, Bl ik i A S Al
FE AR AT B 23 IR 0 R8 8T TR YT T i
10 /NERREE
PG RAE P2 TC AR M KA 23R AL A5 AR 5 RO K

YR % HEAEH] ,T‘{ﬁﬂcﬂ’ﬂ MG HEHEA Rl A ] L) y= Az
Klﬁlﬁé?“”lﬁ@%f I FME RGN, A, MG

S NTBIBUDORL EXSTV ?ﬁiQXkE&ﬁ%MWE&E’J%ﬂF}%%Eﬁ
TR R R . DR, B MG AH S B 28 E A5 510 % e H:
XA 28 TUAR PR 28 R AR RN B BT 2 M, MG ] fig 2%
BN Ay BT — AR 25 Wt H s, IR Ee Xt 4t
R 24 B IR YT T 24 1) SR SRR R T IR

2 £ X #

(1] ANDOH M, IKEGAYA Y, KOYAMA R. Synaptic pruning by
microglia in epilepsy[J1. J Clin Med, 2019, 8(12): 2170.

[2]  HUY, YAO YY, QI HG, et al. Microglia sense and suppress
epileptic neuronal hyperexcitability[J]. Pharmacol Res, 2023,
195: 106881.

(3] KHAN D, BEDNER P, MULLER J, et al. TGF - B activated
kinase 1 (TAK1) Is activated in microglia after experimental
epilepsy and contributes to epileptogenesis[J]. Mol Neurobiol,
2023, 60(6): 3413-3422.

[4]  DOSSI E, VASILE F, ROUACH N. Human astrocytes in the
diseased brain[J]. Brain Res Bull, 2018, 136: 139-156.

(5] WANG ML, PAN W, XU Y, et al. Microglia - Mediated
neuroinflammation:
cardiovascular diseases[J]. J Inflamm Res, 2022, 15: 3083-3094.

[6] ZHANG YH, MIAO L, PENG Q, et al. Parthenolide modulates

a potential target for the treatment of

cerebral ischemia-induced microglial polarization and alleviates
neuroinflammatory injury via the RhoA/ROCK pathway[J].
Phytomedicine, 2022, 105: 154373.

[7] KONG WL, WANG X, YANG XL, et al. Activation of TRPV1
contributes to recurrent febrile seizures via inhibiting the

microglial M2 phenotype in the immature brain[J]. Front Cell

- 6] -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Neurosci, 2019, 13: 442.

SOMERA -MOLINA KC, ROBIN B, SOMERA CA, et al. Glial
activation links early - life seizures and long - term neurologic
dysfunction: evidence using a small molecule inhibitor of
proinflammatory cytokine upregulation[J]. Epilepsia, 2007, 48
(9): 1785-1800.

WU Q, WANG H, LIU XY, et al. Microglial activation and over
pruning involved in developmental epilepsy[J]. J Neuropathol
Exp Neurol, 2023, 82(2): 150-159.

PANG B, MORI T, BADAWI M, et al. An epilepsy -associated
mutation of salt-inducible kinase 1 increases the susceptibility
to epileptic seizures and interferes with adrenocorticotropic
hormone therapy for infantile spasms in mice[J]. Int J Mol Sci,
2022, 23(14): 7927.

SHEN WD, PRISTOV JB, NOBILI P, et al. Can glial cells save
neurons in epilepsy?[J]. Neural Regen Res, 2023, 18(7): 1417-
1422.

LIRS RNEE S < S o S N 1 E S e 2 TN N N i 1 a6
Bom R R I PARSEIRAMRIALE, 2019, 36(12): 2214-
2216.

B, AL IR 8 R A T2 AR A AE 22 2R e o
F BT JEE ). EBE[:%, 2017, 46(27): 3866-3869.

PENG J, WANG K, XIANG WW, et al. Rosiglitazone polarizes
microglia and protects against pilocarpine - induced status
epilepticus[J]. CNS Neurosci Ther, 2019, 25(12): 1363-1372.
SANZ P, GARCIA - GIMENO MA. Reactive Glia inflammatory
signaling pathways and epilepsy[J]. Int J Mol Sci, 2020, 21(11):
4096.

KUMAR V. Toll - like receptors in the pathogenesis of
neuroinflammation[J]. J] Neuroimmunol, 2019, 332: 16-30.

LI L, ACIOGLU C, HEARY RF, et al. Role of astroglial toll-like
receptors (TLRs) in central nervous system infections, injury and
neurodegenerative diseases[J]. Brain Behav Immun, 2021, 91:
740-755.

FITZGERALD KA, KAGAN JC.
control of immunity[J]. Cell, 2020, 180(6): 1044-1066.
KAMINSKA B, MOTA M, PIZZI M. Signal transduction and

Toll - like receptors and the

epigenetic mechanisms in the control of microglia activation
during neuroinflammation[J]. Biochim Biophys Acta, 2016, 1862
(3): 339-351.

LIANG XS, QIAN TL, XIONG YF, et al. IRAK - M ablation
promotes status epilepticus - induced neuroinflammation via
activating M1 microglia and impairing excitatory synaptic
function[J]. Mol Neurobiol, 2023, 60(9): 5199-5213.

KIM YC, LEE SE, KIM SK, et al. Toll-like receptor mediated
inflammation requires FASN-dependent MYD88 palmitoylation
[J]. Nat Chem Biol, 2019, 15(9): 907-916.

CHEN Y, NAGIB MM, YASMEN N, et al. Neuroinflammatory
mediators in acquired epilepsy: an update[J]. Inflamm Res,
2023, 72(4): 683-701.

POHLENTZ MS, MULLER P, CASES - CUNILLERA S, et al.



2023,50(6)

FAEE 45 /DN o A A 0 2 70K 285 rh St

http://www.jinn.org.cn

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Characterisation of NLRP3 pathway -related neuroinflammation
in temporal lobe epilepsy[J]. PLoS One, 2022, 17(8): €0271995.
GARBERS C, HEINK S, KORN T, et al. Interleukin - 6:
designing specific therapeutics for a complex cytokine[J]. Nat
Rev Drug Discov, 2018, 17(6): 395-412.

HAIM LBEN, CEYZERIAT K, CARRILLO-DE SAUVAGE MA,
et al. The JAK/STAT3 pathway is a common inducer of astrocyte
reactivity in Alzheimer's and Huntington’s diseases[J]. J
Neurosci, 2015, 35(6): 2817-2829.

HENNING L, ANTONY H, BREUER A, et al. Reactive
microglia are the major source of tumor necrosis factor alpha
and contribute to astrocyte dysfunction and acute seizures in
experimental temporal lobe epilepsy[J]. Glia, 2023, 71(2):
168-186.

COURTOIS G, FAUVARQUE MO. The many roles of ubiquitin
in NF-kB signaling[J]. Biomedicines, 2018, 6(2): 43.

YINGLING JM, BLANCHARD KL, SAWYER JS. Development
of TGF-beta signalling inhibitors for cancer therapy[J]. Nat Rev
Drug Discov, 2004, 3(12): 1011-1022.

HATA A, CHEN YG. TGF-8 signaling from receptors to smads
[J]. Cold Spring Harb Perspect Biol, 2016, 8(9): a022061.
DAVID CJ, MASSAGUE J. Contextual determinants of TGFR
action in development, immunity and cancer[J]. Nat Rev Mol
Cell Biol, 2018, 19(7): 419-435.

VAN VLIET EA, COSTA ARAUJO SDA, REDEKER S, et al.
Blood-brain barrier leakage may lead to progression of temporal
lobe epilepsy[J]. Brain, 2007, 130(Pt 2): 521-534.

DAVID Y, CACHEAUX LP, IVENS S, et al. Astrocytic
dysfunction in epileptogenesis:  consequence of altered
potassium and glutamate homeostasis?[J]. J Neurosci, 2009, 29
(34): 10588-10599.

HIRAGI T, IKEGAYA Y, KOYAMA R. Microglia after seizures
and in epilepsy[J]. Cells, 2018, 7(4): 26.

ANDOH M, IKEGAYA Y, KOYAMA R. Microglia modulate the
structure and function of the hippocampus after early - life
seizures|J]. J Pharmacol Sci, 2020, 144(4): 212-217.

MO MS, EYO UB, XIE ML, et al. Microglial P2Y12 receptor

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

- 62 -

regulates seizure -induced neurogenesis and immature neuronal
projections|J]. ] Neurosci, 2019, 39(47): 9453-9464.

ALL I, CHUGH D, EKDAHL CT. Role of fractalkine-CX3CR1
pathway in  seizure - induced microglial activation,
neurodegeneration, and neuroblast production in the adult rat
brain[J]. Neurobiol Dis, 2015, 74: 194-203.

X WA, TR, A5 /N ST AU A 5
PERED]. RS RLRHIG RAS ., 2022, 37(15): 1193-1196.
LIU M, JIANG LJ, WEN M, et al.

acute

Microglia depletion

exacerbates seizures and  hippocampal neuronal

degeneration in mouse models of epilepsy[J]. Am J Physiol Cell
Physiol, 2020, 319(3): C605-C610.
SCHARTZ ND, WYATT - JOHNSON SK, PRICE LR, et al.
Status epilepticus triggers long-lasting activation of complement
Clq - C3 signaling in the hippocampus that correlates with
seizure frequency in experimental epilepsy[J]. Neurobiol Dis,
2018, 109(Pt A): 163-173.
FAN JC, DONG XY, TANG Y], et al. Preferential pruning of
inhibitory synapses by microglia contributes to alteration of the
balance between excitatory and inhibitory synapses in the
hippocampus in temporal lobe epilepsy[J]. CNS Neurosci Ther,
2023, 29(10): 2884-2900.
ERNY D, HRABE DE ANGELIS AL, JAITIN D, et al. Host
microbiota constantly control maturation and function of
microglia in the CNS[J]. Nat Neurosci, 2015, 18(7): 965-977.
ROTHHAMMER V, MASCANFRONI ID, BUNSE L, et al. Type
I interferons and microbial metabolites of tryptophan modulate
astrocyte activity and central nervous system inflammation via
the aryl hydrocarbon receptor[J]. Nat Med, 2016, 22(6): 586-597.
ZUBAREVA OE, DYOMINA AV, KOVALENKO AA, et al.
Beneficial effects of probiotic Bifidobacterium longum in a
lithium - pilocarpine model of temporal lobe epilepsy in rats[J].
Int J Mol Sci, 2023, 24(9): 8451.
DING MQ, LANG Y, SHU H, et al. Microbiota-gut-brain axis
and epilepsy: a review on mechanisms and potential therapeutics
[J]. Front Immunol, 2021, 12: 742449.

TR IR



