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BE . BY Rt B IR 5% 2R F R4 4(Robod ) & & 2t fisi B e B 72 4145 (CIR1) & MR
WM/ M2BBALEG e, TTik SRI60 A SD KR, ML AT AR (Sham ) 4L, X Jis P Shpksa i &£/ Ak ix
(tMCAO/R) 41, tMCAO/R B&b-it £ ik Robo4 1% %4 A K (tMCAO/R+Lv—scramble) £1. tMCAO/R
B 4 it & 3K Robo4 1% 9% & AR (tMCAO/R+Lv—Robo4 ) 28, #4115 X, tMCAO/R+ Lyv—scramble 20 &
tMCAO/R+Lv—Robo4 2L £ | tMCAO B 7 d T E P iES R A AR, Longa i -EA B fE 440, TTC
A AR L AR, R SR T F IR A B4k B & Western blotting A8 X it 28 22 % Robo4 #) %k, Western
blotting #- M1 M By 4 fiAR &4 (INOS A= CD86 ) M2 /N ik i 48 A7 & 4 (Arg—1 #» CD206) #= Notch i %%
& (Notch—1, Hes1 fo Hes5) & ik , B3 % 98 R WX 348 M TNF—a, IL—1B. IL-10f= TGF-B K -F., &R
tMCAO/R 4L Longa #F 228 Sham 28 % (P <0.05) , tMCAO/R+Lv—scramble 28 % tMCAO/R+Lv—Robo4 41
% (P <0.05) ., tMACO/R £ Robo4 mRNA Fe%& & A8 £ i& T4 Sham 24K ( P <0.05) , tMCAO/R+Lv—Robo4
2845 tMCAO/R +Lv—scramble 8% (P <0.05) . tMACO/R 8% 58 @ A24% Sham 2L K (P <0.05) , tMCAO/R+
Lv—Robo4 28 tMCAO/R+Lv—scramble ZL/» (P <0.05) . tMACO/R 2838 Sham 283 (P <0.05), tMCAO/R+
Lv—Robo4Z8iNOS. CD86# tMCAO/R+Lv—scramble284k, Arg—1. CD206#3tMCAQO/R+Lv—scrambleZ85( P <
0.05) o tMACO/R #4848 Sham 283 (P <0.05) , tMCAO/R+Lv—Robo4 28 TNF—a. IL—1B % tMCAO/R+Lv—
scramble ZH4&, IL—10. TGF— B # tMCAO/R+Lv—scramble 28 % ( P <0.05) . tMACO/R %1 Notch—1. Hesl #=
Hes5 #8 33 % & 3% Sham 21 %, tMCAO/R+Lv—Robo4 2145 tMCAO/R+Lv—scramble ZB4& (P <0.05) . Z5iE
Robo4 TTi4E CIRLE MR da faAAL 6 M2 & R 4545, 5HiR9% Nowch 42 5 18%., 4 /% CIRI,
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Role of Robo4 in the polarization of microglia after cerebral ischemia-
reperfusion injury in rats and its underlying mechanisms*

Cao Tian-ran', Liu Qing-fang’, Pan Mei-min', Chen Yong’
(1. Clinical Trial Research Center, 2. Department of Dermatology, 3. Neurology Center,
The First Hospital of Changsha, Changsha, Hunan 410005, China)

Abstract: Objective To explore the role of roundabout guidance receptor 4 (Robo4) in M1/M2 polarization
of microglia after cerebral ischemia-reperfusion injury (CIRI). Methods Sixty SD rats were selected and divided
into Sham group, transient middle cerebral artery occlusion/reperfusion (tMCAO/R) group, tMCAO/R combined
with Robo4 negative control lentiviral vectors ( tMCAO/R + Lv-scramble) group, and tMCAO/R combined with

Robo4 overexpression lentiviral vectors (tMCAO/R + Lv-Robo4) group via the random number table method, with
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15 rats in each group. The tMCAO/R + Lv-scramble group and the tMCAO/R + Lv-Robo4 group were injected with
5 uL of Lv-scramble (4x10° TU/mL) or Lv-Robo4 (1x10° TU/mL) 7 days before the induction of tMCAO. After 24
hours of tMCAO/R induction, the Longa score was applied to evaluate neurological deficits of rats. Besides, the
cerebral infarct size was measured via the 2, 3, S-triphenyltetrazolium chloride (TTC) method after 5 days of
tMCAO/R induction. Quantitative real-time polymerase chain reaction (QRT-PCR) and Western blot were used to
detect the expression of Robo4 in brain tissues, and the expressions of M1 microglia markers (iNOS and CD86), M2
microglia markers (Arg-1 and CD206) and proteins associated with the Notch signaling pathway (Notch-1, Hesl and
Hes5) were detected by Western blotting. The levels of tumor necrosis factor-o (TNF-a), interleukin-18 (IL-1p),
interleukin-10 (IL-10) and transforming growth factor-p (TGF-) were detected by ELISA. Results Compared with
the Sham group, the tMCAO/R group had higher Longa score, larger cerebral infarction size, higher protein
expressions of iNOS, CD86, Arg-1, CD206, Notch-1, Hes1 and Hes5 in the brain tissues, higher levels of TNF-a, IL-
1B, IL-10 and TGF-p, and lower expressions of Robo4 (P < 0.05). Compared with the tMCAO/R + Lv-scramble
group, the tMCAO/R + Lv-Robo4 group had lower Longa score, smaller cerebral infarct size, lower protein
expressions of iNOS, CD86, Notch-1, Hes1 and Hes5 in the brain tissues, lower levels of TNF-a and IL-1f, higher
expressions of Robo4, higher protein expressions of Arg-1 and CD206, and higher levels of IL-10 and TGF-f (P <
0.05). Conclusions Robo4 regulates the polarization of microglia after CIRI through the Notch signaling pathway,
thereby promoting the recovery of neurological function.

Keywords: cerebral ischemia-reperfusion injury; Robo4; notch signaling pathway; M1/M2 polarization;
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1 15 (cerebral ischemia-reperfusion injury, CIRI)P*,
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A& 1 (inducible nitric oxide synthase, iNOS) , HIN N
XFIGAESELH AR I A T . ML T BRI M2 &
P A A, A0 G 1404 K —4 (Interleutin—4, 1L-4) |
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IIE 3¢ SUh 28 7 0] 3Z AR [ 4 4 (Robod ) 45
ISR — P R AZ 1A, 76 R T A P R 400 M T B T R
PNk AVE S O s (B S A (BB S g ¢ 7 g 1 R
TEE T /DN T S5 240 R Ak v R R A R R AN A
DN L A 55 IEE T Robod 76 ik Sl 1L /18 2 5t 41 At 1%
fead B2 TR VR A, LA R CIRT A AT HR 2T HE A5 .
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LG 5K 7
60 H it e AR Sprague—Dawley [ 525 5l
WA VR AT IIE S - SCXK (52) 2021-0006 , 5 56 5 43
FHYFAIIES - SYXK (5T)2022-0052], 4 5 250 ~ 280 g,
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Beop AR P2 D1 S Bh-E fF T I H H HE [No - (2021) 122
(A5 61 5], BCAIRG &+ —he SR gh- R N
I Bk B% (sodium dodecyl sulfate polyacrylamide gel
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TNF- o, TGF- B il 15 42 %5 W B 30 5 (enzyme linked
immunosorbent assay, ELISA ) 12 5] & 114 H I ¥ i X A
WA R A R A A . TRIzol i F A 28 [
Invitroge 7y ) » Prime Script ™ RT i 7| & W B H A&
TaKaRa #f = 25 # . Robo4. iNOS. CD86. Arg-1.
CD206 . Notch—1, Hes1 il HesS #0421 [ 3% [#] Abcam
N 18 T A R B X B B DUTE A
PR A PR A
1.2 YT ESREASH
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2y Dk 2 P 98/ 7 TE GIMCAO/R) 21 (tMCAO/R Bk
# 1d % 15 Robod 18 Ji 75 B 4k 2 /& (tMCAO/R+Lv—
scramble ) 41\ IMCAO/R 1k 45 32 3% 35 Robod 18 % 7 4%
& ({MCAO/R + Lv-Robod) 41 , &40 15 H . ¥ 5 pL
Robo4 1:J % 35 1 45 2 24K (1 x 10’ TU/mL) 5 Robo4
i 2 3k 18 i B I 4 A (4 x 107 TU/mL) T tMACO
7 d AR BUZE MG 2, 24 h 5 B 2H 2L 870

/NG ITES I R BRZEMIBUE B S5 Sl K (external
carotid artery, ECA ) 155 PN 31 ik (internalcarotid artery,
ICA) JRHG H 8 2 758 . FESSHLECA K H A3 32 (L 3
Ja B RE I U 2 JE B2 3 ik ECA Ji A ICA I %
(iR NG Sl B 7 SN 1 LI P TR G
(transient middle cerebral artery occlusion, tMCAO) 1.5 h
Jei MRS IV T CPREEYE 24 h) o AR AR RN 24
6], AT #5575 (37.0 £ 0.5)°C o Sham 4
REUBR EA R T B 22 5, H A AR ] o R g
J5 R S ST AR, e O J A, i R I ) —
%% ] DU 35 B e MC A O 5280 42 il G 2™
1.3 HEINEE T

FERETE IS 24 h J5 AR 98 Longa P23 BEPEAL #0221
REGA . TOR 2R DI REBEE T 0 23 s A7 A TUR RESE 42
MR 1 3 5 JEAT I e S5 ) 2 Bl 31 2 3 5 AT I 1) e
B RT3 0 ANRE A RATE , BUUK PR R8st
a5 139301~ 355 UMUK KA SN HY I A R
B A R 5 il BB o A Sham 4 (15 H) (tMCAO/
R #4 (13 2 ) (tMCAO/R + Lv-scramble 4 (12 H ) |
tMCAO/R + Lv—Robod 41 (13 H) 44 A J5 B2#F 5% . [¥]
], A 2 B AL IR 6 FL BRURG I i A AE T B, AT R
WL 2H AU T S I O E R G g BE N
(quantitative real-time polymerase chain reaction, qRT-

PCR) .Western blotting . ELISA £l .

1.4 2,3,5-=ZFE S MG M E 46 T K RN 4E 5L
[

IR R BRRG , VIR Rk /N A 1, 924 2 mm
R FE AT R o RIE VIR R A 1% 2,3, 5-
—ORBEGAAL DU A (TTC) K 20 min, 7E 4 °CFH 4%
LB BE[E E 24 ho MRALSURBESEH 4> S 2T (0, K AT
#Ror S A, fd T Image—Pro Plus 6.0 #3155 ik 1)
J A B8 T AR LR AR
1.5 gRT-PCR #&ill X & fixi 22 22 7 Robo4 mRNA
FRix

i 1 TRIzol IR HE HUE RNA . SR 5K 45 41K B
RNA ] PrimeScriptTM RT i 71 & 6 % 5% il ¢<DNA.
qRT-PCR f#i Ji] iQ SYBR Green Supermix i & 7& Light
Cycler AE LR G T 47 . Robod 1E M1 514 : 5
~GGCCCCACCTCCTGCTGAAAAC-3", K [A 54 : 5'-G
GACGGCACCACTGGCAATGACT-3', %329 bp; GAPDH
iE 16 5149 : 5'-TGCACCACCAACTGCTTAGC-3', JZ [i]
3149 : 5'-GGCATGGACTGTGGTCATGAG=3', # 70 bp.
JLR A4 95 CHRAEYE 30 5,95 CAEME3 5,60 CHEAH
20 s, A0 MEER . ARAE 274 B R SE R AN ek i
1.6  Western blotting 4 il X FR i 28 22 & Robo4.
iINOS. CD86. Arg-1., CD206. Notch-1, Hes1 #A
Hes5 E B RIA

il 2 23 7E RIPA 2% vp i h 4% )5 , 38 2 BCA 85 1
W R0 S e FVE P B R M . 8% SDS-
PAGE HLJK 5 B B R O M el b o AT
T 5% Wifg A b BB 2 h s RS — B A .
FH IR -20 72 FH 38 520 FBe 22 ol igs MR R 4% 3 IR i, B EP
055 A B TR 3 4R A A il 1 0 B T K R A s R
H GFEER T E 1.5 h, R b, 5 B 1% &R
o3 M BT RO B, DL B-actin HIN S,
1.7 ELISA#fxZE R K iE H FRIE

Vg I 20 27 B TR R 2% wp R VS W (pHL 7.4) YIS
BLAIH o K S HBOICE #5048 T LA 3 000 r/min 5.0
20 min, WA B . ARHE G B9 7%, {fH ELISA
R KM TNF-o  IL-1B IL-10 Al TGF-B /K .
1.8 Sit=FiE

BH o3 A R FH SPSS 22.0 it dk 4k . RO
DAPIME = bRifE 22 (x £ s) Fom , tWESH O 20 0o H
K56, o — 25 W G L 0 LSD—1 K 56 . P <0.05 Sl 25
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2.1 HHEKR Longaifsy b

Sham 41 . t(MCAO/R #1 . t(MCAO/R + Lv—scramble
ZH .\ tMCAO/R + Lv—Robo4 2 K K Longa 343 73 % A
(0.00+0.00) | (2.86+0.58) . (2.98+0.49) , (1.32+
0.38) 73, 22 HEG 5, 22 5% A 48 127 75 L (H =45.740,
P =0.000) , tMCAO/R £ Longa ¥ 43 % Sham 4 & .
tMCAO/R + Lv—Robo4 ZH #{ tMCAO/R + Lv—scramble 21
Longa P73k .
22 FHHEKXREEFRERILE

Sham 2H . tMCAO/R 21 . tMCAO/R + Lv—scramble
41 AMCAO/R + Lv—Robo4 21 K BN 4 4E 11 £ 43 531 hy
(0.00£0.00)% . (35.64+1.58)% . (37.18 +1.35)% .
(1212 131)% ., & HK 3, Z R A4t 2 X (H =
20.291, P =0.000) , tMACO/R 41 % Sham £ fi%i 15 5E 1
UK, tMCAO/R + Lv-Robo4 ZH # tMCAO/R + Lv-
scramble ZH I AEFETHIFR /N, UL 1o

| 2 a4
e & ¢ =
© & & G
e e & &
a & & &5
@ ¢« . D

1:Sham ZH ; 2: tMCAO/R ZH ; 3:tMCAO/R + Lv—scramble 2 ;
4:tIMCAO/R + Lv-Robo4 2 ,

1 FEAXRMALEVIEE (TTCHA)

2.3 KAKXRKAL Robo4 mRNAFIEBMEITE
BELLE

2 2H I BB 2H 21 Robo4 mRNA F1 2R A % 6 34
WL, ZER WA G E L (P<0.05), 3 —2 W
W L3, tMACO/R 21 K BRI 2H 21 Robo4 mRNA FlI 2 1
AR X 2 35 B % Sham 411X , IMCAO/R + Lv—Robo4 21
Robo4 mRNA 1 2K [ AH Xf 3% ik & 3 tMCAO/R + Lv-
scramble 41755, WLE 1F1E 2,

205 n  Robo4 mRNA  Robo4 [
Sham 4 9 1.00+0.13 0.51 =0.07
IMCAO/R 4 7 027+0.127  0.1520.047
IMCAO/R + Lv-scramble 4l 6 0.22 £0.09 0.12+0.03
IMCAO/R + Lv—Robo4 41 7 067+0.152 03420057
FE 64.941 92.723

Pl 0.000 0.000

1 D5 Sham 4 L4, P <0.05; 25 tMCAO/R + Lv—scramble ZH
Heds, P<0.05,

1 2 3 4

Robos W S L W w5

B-actin “ 43 kD

1:Sham ZH ; 2: tMCAO/R 4 ; 3: tMCAO/R + Lv—scramble 4 ; 4.
tMCAO/R + Lv—Robo4 41 .
B2 &FHEKXREEL RobodELLTE

24 & 4H KR KA L INOS, CD86. Arg-1 #a
CD206 EHHEX RIZELLER

-2 K B ZH 21 INOS . CD86 | Arg—1 F1 CD206 5
FIA R R Gk i S, & 07 22000, 2 S A it
B X (P<0.05),tMACO/R 41 K FUKZH 41 iNOS . CD86
Arg—1 1 CD206 & [ AH X} 2% ik & % Sham 4 & ,
tMCAO/R + Lv-Robo4 41 K L Jiki 41 41 iNOS | CD86 #%
tMCAO/R + Lv-scramble 2 fi% , Arg-1. CD206 #
tMCAO/R + Lv-scramble #H /51 . JLIE 3 155 2,

1 2 3 4
INOS R S ——
CD86 ---- 75 kD

CD206 " S s @ (60 kKD

Bactin A 3 )

1:Sham 2H ; 2: tMCAO/R 2H ; 3:tMCAO/R + Lv-scramble 2 ;
4:tMCAO/R + Lv—Robo4 41 .
B3 &HKXRINOS.CD86.Arg—1#1CD206 & H & E

25 &HAKRIZAL Notch-1.Hes1 fiHes5 & A
BT RIAZLLE
£ 4 A BRI 2 47 Noteh—1 . Hes1 il Hes5 AH %} 22
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2 KAKRINOS.CD86.Arg-1F1CD206 EEHENRILELLE (x+s)

25 n iNOS CD86 Arg—1 CD206

Sham 41 9 0.16 +0.06 0.34 £0.04 0.16 £ 0.04 0.21 £0.08
tMCAO/R 40 7 0.50 = 0.09% 0.74 +0.14% 0.39+0.11% 0.36 + 0.03V
tMCAO/R+Lv—-scramble 41 6 0.46 + 0.08 0.73£0.14 0.29 + 0.09 0.39 +0.08
tMCAO/R+Lv-Robod 41 7 0.32 +£0.06 0.47 £ 0.09% 0.56 +0.08% 0.54 +0.09%

F{E 35.612 26.742 33.621 26.390

P 0.000 0.000 0.000 0.000

i . D5 Sham 41 HLAL, P <0.05; @5 tMCAO/R+Lyv-scramble 41 HL#¢ , P <0.05,

ISR, ZRIA G (P <0.05) ,tMACO/R 41
%% Sham £ 755 , tMCAO/R + Lv—Robo4 2 % tMCAO/R +
Lv-scramble 201k, LI 4 Fi 3,

26 HHARKNALTNF-o lL-1B.IL-10.TGF-

B7KFELE

KV, 22 5 B0 e it 38 L (P <0.05) , tMACO/R
2H %% Sham 4H 7 , tIMCAO/R + Lv—Robo4 41 K Bl ik 2 21
o TNF-a  IL-18 7K 4 tMCAO/R + Lv-scramble 41
i , IL-10 . TGF-B 7K -4 tMCAO/R + Ly—scramble £

e W4,

£ 2H K BRI 2 2 TNF- o IL-1B , IL-10 , TGF-B B
#*3 BAKR-1.Hes1#Hess EAMAMFRIZELLE (r+5)

1 2 3 4
ZH 5 Notch-1 Hesl1 Hes5
Notch-1 S S . S— 110 LD Sham 4] 031£0.12 008003 005002
_ tMCAO/R 41 0.93+0.04Y 03220.057 0.37+0.08"
Hesl 37 kD
MCA Lv—
MEAO/R +Lv 094+0.13  038+0.07 0.38=0.06
~— ‘ - scramble 2
Hoss W00 - * 18 kD {MCAO/R + Ly- . . B
P~ 0.73+0.11%  024+0.032 0.17 + 0.08%
Robo4 ZH
B-actin it - -- 43kD F 18 61.751 62.823 50.012
1:Sham 241 ; 2: tMCAO/R 4 ; 3:tMCAO/R + Lv—scramble 4 ; PiE 0.000 0.000 0.000

4:IMCAO/R + Lv-Robo4 .. 7 : D5 Sham 41 5T, P <0.05; @5 tMCAO/R + Lv—scramble

B4 #&4HARNotch-1.Hes1FiHess EH&HE

K4 BHAKXBRTNF-a.L-1B.IL-10.TGF-B HEXt RiLE L%

AR, P<0.05,

(pg/mL, Xts)

215 n TNF-« IL-1B8 1L-10 TGF-B
Sham 4 9 56.29 = 17.12 36.17 + 16.91 5238+ 16.11 26.18 +4.19
IMCAO/R 21 7 152.28 + 19.76" 82.41 +17.287 123.72 +20.38% 62.85 + 8.627
tMCAO/R + Ly-scramble 4] 6 141.51 £22.61 92.16 + 16.37 11832+ 18.42 53.66 +4.25
IMCAO/R + Lv—Robo4 41 7 101.22 +21.59% 48.49 +17.29% 192.13 +28.11% 80.15 + 5.20?
FAE 37.220 18.094 58.622 122.201
PE 0.000 0.000 0.000 0.000

7 : O Sham 41 145, P <0.05; @5 tIMCAO/R + Lv—scramble 41 H.55, P <0.05,
3 iTFig TR S S H R 3 A RAE 7 CIRT P 4
ISR L JHCAE I e i 2 S0 2 AR O 8 E IR
INE, AT 5 G A i b L, 386 o o o 5 B 4 47 , 412
DS 21 FZ0 0] weam N (1 ¢ 17 Q1 I U I L2 E i ]
B RS AL BB SR REIR AT 42 o /N B 5 40

CIRI & — B Ze e B A H A, 3 L3 A
FHE A ok BE R R A5 2R Ay R S VR
P SN FTAH L S E PR B R B A, DA A 4 it U
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VE ki N %) 5 3 B 5 240 M oA Sk A S0 S N
FEER LAY Y42 foh ) N IR AR 5 (im0 38
T7) BN 38 A5 5 Can e ) i, o 482 45 4 2L 1
/NS JOT 448 M 25 S AR RS, HL A Bl AT 90 IR KR
Fhim BT L WO B /N 5T 40 AT ML T M2 A
e Al 2R 7Y - M1 BLUAR 4% /1N JoT 240 b 7 o s A T i 20>
A2 J& A0 J5E 3 6 184, TG M2 T 48 /N i 5 40 D fiE T
Bt i ZH 2, O o R i . 52— B0 A
FELE R tMACO/R 2H R UG 41 23 ML /) ¢ J5i 248
b & #1 (iINOS Fl CD86) K M2 /N i it 40 i s i
(Arg—1 Fl1 CD206 ) ) £ FH A X e ik i b 25 7, i ]
/0N T 4 L S A% 2 i A 45 2 20T BT . A
tMACO/R 2H K B 4 21 4 A TNF-a (IL-18  IL-
10 . TGF-B 7KV T iy o 7525 Fh i 453 45 A e ik 72 v
B P F GRS g% AR 7 AR R I R 2 S T
o £ R B B o L PT343 A AR SE R,
TNF-a FIL-1B, 340450 K+, 41 IL-10 F1 TGF- B
SN0 5 5 | R A i - R A sh AR AR AL ax AR
A A3 A T AT A /0 I S5 4 R W 4 A, R
JAR 58 PR FHT 48 DR, AR 2 B ke i 460 4 /5 1 %
JiE 2 P DR AR R AR TA A TR R T I i il R
9, 38 Ao A /0N e o 240 A ) B AR S RT R S —
A HIT S A M R LR 2 T R R T SR /DN S5 240 Al
B — A A A

Robod 5 [ FRAF Ry — F i85 65 32 {4, 7F — 26 1 45
PR S M S E R EEAEHY T, 2 5%
AR R AN N R A0 M R AL | B A R A
DL R AR5 S R G AR AR 0 AR A e it 14 v XU
B ER M ZE A AR R, BT
Robod—Paxillin {5 5 % i 42, F 23 Ukl 55 S B4 ik 45 43
5 T 0 G 5 B IR, O s R RS R i L
Robod 14 5 it M 5055 1 1 AR TR 97§ A, B & I ad
&35 Robod 1] g 411 il 1 A5 380 375 M4 el 56 DL i i o % 4
R, A SE 45 5 & LAE CIRI 24 h J5 Robod 2 35
/b 1B Robo4 A BEZE CIRI 1 &4 T HEAEH . 18
1 AN IEE Tl % 8 AL 2R 38 Robod 12 5 B 2 14
Ja B 28 1) i e A5 15 21 BH oK i R A 1 B
WEA /N, WA, I R, 1 ik Robod M| T
M1 /NS 5T 4 bR i ) ¢ 38 S 1L-10 \ TGF-B By 3Rk,
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