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Protective effect of Notchl-regulated microglial polarization against epileptic seizure in mice
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Abstract Objective To investigate the protective effect of Notchl-regulated microglial polarization against epileptic seizure in
mice. Methods The pentylenetetrazole (PTZ) kindling models of epilepsy were established in mice with normal (Notch1™™") and high
(Notch1™) expression of the Notchl protein,with Racine grade IV set as the standard, to evaluate the effect of Notchl expression on sei-
zure susceptibility. Microglial activation and polarization in the temporal lobe tissues of mice were detected using immunofluorescence
staining, and the levels of inflammatory cytokines in the temporal lobe tissues was detected using an enzyme-linked immunosorbent assay.
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Results High Notchl expression showed high resistance to seizures. Compared with the Notch1"™""+Sal group, the relative fluorescence

intensity of Ibal,CD16,and Argl proteins in the temporal lobes of mice in the Notch1™™"+PTZ group,as well as the TNF-o, IL-6, and

normal

IL-10 levels significantly increased (P < 0.05). Compared with the Notch1""™+PTZ group, the relative fluorescence intensity of Ibal and

over

CD16 proteins in the temporal lobes of mice in the Notch1®“+PTZ group significantly decreased (P < 0.05),the relative fluorescence
intensity of Argl protein significantly increased (P < 0.05),the TNF-a and IL-6 levels significantly decreased (P < 0.05),and the
IL-10 level further increased (P < 0.05). Conclusion High Notchl protein expression significantly enhanced M2-type microglial polari-
zation , inhibited M1-type microglial polarization , and increased resistance to seizure susceptibility in mice.
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Fig.1 Immunofluorescence staining of Ibal and CD16 proteins in the temporal lobes of mice x 20
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Fig.2 Immunofluorescence staining of Iba1l and Arg1 proteins in the temporal lobes of mice x 20
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Tab.1 Comparison of relative fluorescence intensities of Iba1l, CD16, and Arg1 proteins in the temporal lobes of mice

Group Thal CD16 Argl
Notch1"™"+Sal 1.00 +0.26 1.00+0.24 1.00 +0.26
Notch1™™"+PTZ 433 £1.04" 4.55+0.80" 1.37£0.29"
Notch1"*"+Sal 1.23+0.18 1.17 022 1.98 +0.37"
Notch1™“"+PTZ 1.20 £ 0.24” 1.33£0.18” 248 £0.37"
F 49.09 4421 1223
P <0.001 <0.001 <0.001

1) P < 0.05 vs. Notch1™™"+Sal group;2) P < 0.05 vs. Notch1™™+PTZ group.
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Tab.2 Comparison of the TNF-«, IL-6, and IL-10 levels in the temporal lobes of mice

Group TNF-« IL-6 1L-10
Notch1™™"+Sal 83.71 + 14.08 136.53 = 30.51 129.72 + 17.12
Notch1™™'+PTZ 293.58 + 60.92" 770.25 £ 99.38" 203.91 +32.20"
Notch1”“"+Sal 76.10 + 12.66 117.77 + 31.57 337.68 +39.56"
Notch1™“"+PTZ 126.44 + 34.06 163.14 + 32.85" 467.99 + 54.31*

F 47.31 186.12 106.80
P <0.001 <0.001 <0.001
1) P < 0.05 vs. Notch1"™™"+Sal group;2) P < 0.05 vs. Notch1"™™ +PTZ group.
Yy ImRNAZE 35 B 5 3 " SR, 7E48 P s R A
Y s e, 7 TSIV 2 AT 2R/ e 5 4 ko 1
TI1E

15 M o5URRABE TR 1 6% ¢ - 1 ASE UL ) 3F
IR B & AE, © T 2 B 055 2 A= 24
WF5E LA R HOmm 25 o e 7 AR RS B St T
Notch 1" FiiNotch 1™ /N AN S MR Y 22 57, 45
7R, Noteh 1™ /N SRR RGP AR i 41
3 HikRacine IV ZUREAR BRI 1 275 Noteh 15
FIRHE S W W98 N BRUR AR, A8 A 1Y A A
1], FEEARIAN ) etk

TR 22 RGEH, PTZIR A 25 /NI o 240 Jif
TEAL IR AL, , 375 & AT SN, A1 1A 0k i S0 e o AR
T, A ) A HRARE AR | S8 A9 s i) 0 G 3000 s i) o5 ], /)
I8 5 40 R A A7 A 22 5™ A I R e /iR
JoT 248 1 2 2 1R AN (W) AR R 195 Ak, M1 (CD16/
CD86) FIM2%! (CD206/Argl) /)N 5 J5 240 Ja W Ak A 75

FIRIKE- S W G T e B R 1 R R, M2 AR /N
5% 4 A Ak b 5 4 2R 38 K P A S0 AN I8 4 v i
Wi AR S ARBFFE 45 4 75 , 5 Notch ™™ +Sal 41 4
Et, Notch1™™+PTZZH /I Uk 20 2 v 4 14 440 i P57
TNF-oFIIL-6 75 5 /N BT AR s 4 Ihal FIM1
RIB AR A PICD 16K IR 1G T, $2 75 18 M i R A5E Y
355 2 /NI 5T A 1) 1 R M R AU A A 5 [T B
IL-107% 1 FIM2AY A2 Ak Bk 35 ) Avg L 3 TR 3G, 4R
M2 /N 52 S5 248 LA A 185, (G 5 o K M1 7
N I3 A AR A

Noteh 125 7 I e I ELA Il 428 i 28 200
A= T, BOE S I Noteh 18R PR AN [ A5 B 5% 1 b
Z M Az Bl RS 09 R Noteh 1 2 11 1
R L5 SN SN AH G, B DG T HAL I A9 BFFE 45 RAT)
FEAE— 607 J& A BF5 > A, Noteh 128 1 2 #E 24



+ 232 -

HREERRESR H54E

RTE 3G , M P HINLRP3 L RE A4 g4 1=,
T 2% i e P08 3325 S A AT 005 o (A R 9 A
N, Notch1 2345 9 AE , I N Bz 40 ff o 3, B¢
N B2 AN T RE RIS BL AN, I 22 BEIOE 0 /NI 5
24 Jif0 38 0 44 1 Noteh LA [ 3RIK KO, Ja 2 42 2 PR 4
A TR R LA B AT SE 45 SRR, Noteh 1 2K 14
XoF S RE SN R4 LTI A g i — 2B 0F9T, B
Nocth 18 11 IK 78 AR AE S 14 A [ B 99 AT e A7 7
4 5 AR WFFE 45 J R, Noteh 125 (26 35 AE % 1]
RS /NI S5 240 MR A o /NI S5 240 R AR A 5 e — 28
AR R A AT KB, N T S T4y T
P ZE T VR /N S5 A0 L 2 AL 1) A, i Ak ML
TR/ I T 4 L T 1B 45 8, T Jd e/ B P
ik T Bl ASBIF ST 45 SR R, Noteh 12 15 £k 5 M1
TR /0N 8 S5 240 AR A ik 2D M2 /)N 58 S5 40 A Ak 34
TNAR 2 . 5 Noteh1"™ " +Sal# FL&E, Notch1™ " +Sal 4 /)y
FRCD 1687 1335 BAR AR UL i 284k, (H Arg 1 5 1136
TR B A, ELB AR A T IL- 108 S, $2 %
Noteh1™*7]N R HRR 48 i sz i HA — o AR HT M
LA, S5 Notch1™™+PTZ4L A Lt , Notch 1"+ PTZ4H /)y
R P2 2 v 5 M 20 PR P TN F-oc  TL-6 7% db 9
/D /NI T 40 L T A AV TR B AL A 7 ) Thal .CD16
AR PR AR, (EM2 IR AR i M Arg 1 2 A 36
IR B BN X AE —E B A RE T Notch 18 3%
IR /N 5T 2 e R A AL A BT

AW FEAE A — 52 0 R B 8 5, AR B 5 A
X Notch 12 [ #8523k /N BREAT T4 52, T AR 4R 1)
Noteh 12 R BT /N BROGH B0 1Y) 2 Sk, A fig
T8 W Noteh LA 0 SEE S R/ IMiE 5 240 A 7% Ak
(RS2 o LUK AR5 R X Noteh LEE 4T 1 (5 5348 1t
(AR AT HE— 2D 5E, X /DN I 4 81 42 ) 5
M A it — AR R

g5 LR, A WF T4 AR, /) BN 2H 21
Noteh 18 [ /55 22 35 g i W Sk 44 =g M2 7R /)N Jig Joit 48
WAk, 38/ IS RO & AR R HSHTME

S 3 Hk:

[1] DING D,ZHOU D,SANDER JW et al. Epilepsy in China:major pro-
gress in the past two decades [J1. Lancet Neurol,2021,20 (4) :316-
326. DOI:10.1016/S1474-4422 (21) 00023-5.

[2] LIU TT,FENG L,LIU HF,et al. Altered axon initial segment in hip-
pocampal newborn neurons, associated with recurrence of temporal
lobe epilepsy in rats [J]. Mol Med Rep,2017,16 (3):3169-3178.
DOI:10.3892/mmr.2017.7017.

[3] BENSON MJ,MANZANERO S,BORGES K. Complex alterations in
microglial M1/M2 markers during the development of epilepsy in two
mouse models [J]. Epilepsia,2015,56 (6) :895-905. DOI:10.1111/
epi.12960.

(4] 3%/NA 3R, 22 =05, Notch 5538 B A2 L Mg 4 i i Ak fin
A S ek FFORAR 42 (1], o B BRI R 241, 2021, 50 (10) - 899-
903. DOI:10.12007/).1ssn.0258-4646.2021.10.007.

[5] CHEN R,ZHU H,WANG Z,et al. Targeting microglia/macrophages
Notchl protects neurons from pyroptosis in ischemic stroke [J]. Brain
Sei,2023,13(12) :1657. DOI: 10.3390/brainscil3121657.

[6]LI QQ,DING DH,WANG XY ,et al. Lipoxin A4 regulates microglial
M1/M2 polarization after cerebral ischemia-reperfusion injury via the
Notch signaling pathway [Jl Exp Neurol,2021,339:113645. DOI:
10.1016/j.expneurol.2021.113645.

[7] VAN ERUM J,VAN DAM D,DE DEYN PP. PTZ-induced seizures
in mice require a revised Racine scale 7l Epilepsy Behav,2019,95:
51-55. DOI: 10.1016/j.yebeh.2019.02.029.

[8] LU Y,LIN M,0U S, et al. Astragalus polysaccharides ameliorate epi-
leptogenesis, cognitive impairment , and neuroinflammation in a pen-
tylenetetrazole-induced kindling mouse model [T]. Front Pharmacol,
2024,15:1336122. DOI: 10.3389/fphar.2024.1336122.

[9] ZHENG Q,ZHU T,HU H,et al. TRPM2 ion channel is involved
in the aggravation of cognitive impairment and down regulation of
epilepsy threshold in pentylenetetrazole-induced kindling mice
[J]. Brain Res Bull,2020,155:48-60. DOI:10.101 6/j.brainres-
bull.2019.11.018.

[10] XIE L, LI T,SONG X, et al. Dynamic alteration of dendrites and den-
dritic spines in the hippocampus and microglia in mouse brain tissues
after kainate-induced status epilepticus [J]. Int J Neurosci, 2021, 131
(11) :1045-1057. DOI: 10.1080/00207454.2020.1770246.

[11] YIL,ZHOU X,LIT,et al. Notch1 signaling pathway promotes inva-
sion, self-renewal and growth of glioma initiating cells via modula-
ting chemokine system CXCL12/CXCR4 [JL1 Exp Clin Cancer Res,
2019,38 (1) :339. DOI: 10.1186/513046-019-1319-4.

[12]JIN Y,LI C,XU D, et al. Jaggedl-mediated myeloid Notchl signa-
ling activates HSF1/Snail and controls NLRP3 inflammasome acti-
vation in liver inflammatory injury [T]. Cell Mol Immunol,2020,17
(12) :1245-1256. DOI: 10.1038/s41423-019-0318-x.

[13] PARK JH,CHOI JY,LEE HK, et al. Notch1-mediated inflammation
is associated with endothelial dysfunction in human brain microvas-
cular endothelial cells upon particulate matter exposure [J]. Arch
Toxicol ,2021,95 (2) :529-540. DOI: 10.1007/s00204-020-02942-
9.

[14] GE Y,HUANG M,MA YF. The effects of microRNA-34a regulating
Notch-1/NF«B signaling pathway on lipopolysaccharide-induced
human umbilical vein endothelial cells [J]. World J Emerg Med,
2017,8 (4):292-296. DOI: 10.5847/wjem.j.1920-8642.2017.04.008.

[15] LI T,ZHATI X,JIANG J,et al. Intraperitoneal injection of 1L-4/
IFN-y modulates the proportions of microglial phenotypes and
improves epilepsy outcomes in a pilocarpine model of acquired
epilepsy [J]. Brain Res,2017,1657:120-129. DOI; 10.1016/;.brain-
res.2016.12.006.

(HE R =)





