Chinese Journal of Rehabilitation Medicine, Jan. 2023, Vol. 38, No.1

- £ wk A

SRAGE S IRCE PRI O ERRD 71
R E TS

EAR FPar' Fhamm BURIE HRRZR KW

\}

e

B89 5 RS (focused ultrasound, FUS) BA 10 5 1L A% 57 B% (blood-brain barrier, BBB) )4 &Pk, Il
T FUS 4 B8R S84 3228 1 BRI 9T FUS FH BBB B9 AT EMLI

Tk ARBEE WI/NEL 70 B BEBLAS Skt BRZH (FUS BX5 30 T i BBB 41, i — 2043 4 FUS JFJit BBB1h4h . 24h
Mo K Garcia e R PEA/INR AN A 7oA 2278 Ak s HE Y (008 75 4 Bl X 0% R IS5 000 s BLISA sl o BH
F: IR FE N F a(tumor necrosis factor alpha, TNF-a) . 441 i{i4r 2 1B (interleukin 1 beta, IL-1B) . FH4IlIN% 6
(interleukin 6,1L-6)[FIEKN-. LRF KL HSCE# (evans blue, EB)ZIAMEAR 4/ UK EB 19815
Tf . Western Blot #6: 7K 18 18 45 1 4 (aquaporin-4 , AQP4 ) ik 1 28 Ak 43 B fini £2H 2 4 7 S I 100 5 43 S0 G AN ] st
BB B 1 occludin . claudin-5 . B 25143285 11 1 (zonula occludens-1,Z0-1) 23R K 1AL HE 7R X 2985 146 3215
FIERZ R

453 :FUS 55 BBB HilUE , /N BRAS IR B B A 1 2847 SR 2 1 431 5 ) BRZH JE B 48 25 5 (P>0.05) s HE 44 £ i /R FUS
ER RS /N BUIR S I P JCRH S B 2L A8 1, 28 R TNF-o0 IL-1 . IL-6 A 26X 7K E-7E BBB JFHUG Y 1h . 4h  24h 1
5% B JCH 22 5 (P>0.05) . fEEBBESLRF, Th4/N RS NG EBIB B, i HAt /41 R MEEF EB. A
[\ Hof BE AQP4 7R [ 36 15 1 5 % A2 AR e JC 8 M 22 5 (P>0.05) . FUS 48 IR J5 1h, occludin(P=0.034) . claudin-5(P<
0.001) .ZO-1(P=0.002) % 1235 7K ¥ B EFHAE ;4h J5 ZO-1 . occludin 2 [1/KE-Z W FIFZEXHIRZE K (P>0.05), i
claudin-5 25 [ A H7E 240 /T4 TR BEZH.(P=0.002)

4518 :FUS o] LI A R0 I BBB, HAL T AT e 2l 2 A F T SR %% 4811 ZO-1 L occludin . claudin-5 SEBEHY
KR TR O s AN PR IRE ;L s R AR A
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Abstract

Objective: To investigate the safety of focused ultrasound (FUS) combined with microbubbles opening the blood-
brain barrier (BBB), and to explore the possible mechanism of BBB opening in FUS by detecting tight junc-
tion proteins after FUS irradiation.

Method: Seventy healthy Kunming mice were randomly divided into control group, FUS combined with micro-
bubble open BBB group, and further divided into FUS open BBB 1h, 4h, 24h groups. The Garcia scale was
used to evaluate the neurological behavioral changes of mice; HE staining was used to observe the bleeding

in the brain area irradiated by ultrasound; ELISA dynamic detection of the expression levels of inflammatory
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factors tumor necrosis factor alpha (TNF-a), interleukin 1 beta (IL-1B) and interleukin 6 (IL-6).Evans blue
(EB) was injected through the tail vein to dynamically observe the infiltration of EB in the brains of mice in
different groups. Western Blot detects changes in aquaporin-4(AQP4) expression to analyze brain tissue edema;
detects the protein expression levels of occludin, claudin-5 and zonula occludens-1(ZO-1) at different time peri-
ods to evaluate the effect of ultrasound on tight junction proteins.

Result: After FUS induced BBB opening, the neurobehavioral scores of the mice at different time periods
were not significantly different from those of the control group (P>0.05); HE staining showed that there was
no obvious red blood cell exudation in the brain parenchyma of the mice after FUS irradiation, and inflamma-
tion. The expression levels of TNF-a, IL-1B and IL-6 were not significantly different from those of the con-
trol group at 1h, 4h and 24h after BBB was opened (P>0.05).In the EB penetration experiment, there was
EB penetration in the brain parenchyma of mice in the 1h group, but no EB was observed in other groups.
Compared with the control group, the expression of AQP4 protein in different periods was not statistically dif-
ferent (P>0.05). 1h after FUS irradiation, the protein expression levels of occludin (P=0.034), claudin-5 (P<
0.001), and ZO-1 (P=0.002) decreased significantly; 4h later, the protein levels of ZO-1 and occludin gradual-
ly increased to the control group Level (P>0.05). The expression of claudin-5 protein was still lower than that
of the control group at 24h (P=0.002).

Conclusion: FUS can safely and effectively open BBB, and the mechanism may be realized by acting on tight

2023 4F 5538 %, 55 111

junction proteins ZO-1, occludin and claudin-5.
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1M1 5 2 (blood-brain barrier, BBB) 3%/ i
BN INAE N B 20 | B e SR A RS A A
BB Jo 240 L f 5 2L 5L, 7™k 42 1) 0 908 0 s PN 0 J )
e, E A NREER R B NI RS
BBB, W25 BT 117 22 K0 25 Witk A B 9 4 #
ER . I AT ER R AR 1 5 1258 715 BBB 9
1 7 P LGSR 25 W B P (% . BFoE R PR AR
75 (focused ultrasound, FUS) S fd v] DL A .
A3 75 5 BBB I, A M N B i T R AL T
() LB RNy ) AH DA S 1 — 20 UESE FUS FFil
BBB J& i A] fiff i 2 23 rh 1% 245 4y e 5 33 21 X it 4]
4 8, AT R 5 T 25 IR AL™ . T FUS BK45 Son-
oVue {2 ik BBB ¥# F /714 , SonoVue il 1)
2 g (1.04£0.15) min, J2 8k 7 44 /5 SonoVue
R AT Tmin PAE R BRI A IR 31 5 06, BT DA 1E 4%
TEROL ) 5 7 BRI EA T FUS 38 IR HAn, A 5T
% L FUS BEA T i BBB B 2 SBOCTH P 4 |
Jii 20K i | R i 2= IRBE , PR, FUS J& 75 AT DAE
i —Fi5 5 BBB % 4 H U T B Al 5 2 ik — 2 it
T,

K biF5E & L FUS 1755 BBB I il T BE 5 5 41

JHL A LR A P R R B A G . Jalali B R B
FUS %5 BBB i Z IR occludin Fll % 4 1% 55
1(zonula occludens-1,Z0O-1) FAHEAE , B 157G
P2 ST AN P AR R Akt 5 530 1R, B3R BBB 11
SEAEME . {H Pandit %A h FUS JF/i BBB 5/Veg 2
[1-1(caveolin-1)#17% , FUSYE )5 caveolin-1 F A3
2 ek 500kDa LA F KA TR . H AT
AN A FUS 155 BBB R i HAABL T . AR B
TEE—HHIFSE FUS 75 S5 BBB HF i 122 4k, 31t
X BBB FF i 24h P 5 %% 1 1 2 11 2 S AR AR Rl
¥£5¢ FUS Jjit BBB Y AT BEAL ] .

1 #rl5AZ®
1.1 SEshY)

SPF ¢ I P BB /INBL 70 H, 8 JR S, 1R i &
(35—40)g, 3L T B BERL RS2 g sy oo, i
iR S5 sh A 285k LA B R R 2 Bh ) S B A 2R
A2 B2
1.2 BRG]

TG 7S AL BT 73 (SonoVue, Bracco Imag-
ing SpA) . 3T % (Sigma) . ZO- 1 Hit 14 (absin) .
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claudin-5 HT 14 (absin) | 7K i & & [1 4 (aquaporin-4,
AQP4) #ii 1A (proteintech) . occludin $ii {4 (protein-
tech) . B-action $L 1A (Santa) | a-tubulin HTIA (cellsig-
naling technology) .OTC f # 5f] (SAKURA) | #A 75
FEA R () | 2524 RIPA 20 2/41 o 24 1#% W (Solar-
bio) . PMSF & [ il #1 il 77 ( Solarbio) . BCA & [
FE I 2 357 & (38 K ) \IL-6 \ TNF-a . IL-1BELISA
i A& (Thermo Fisher Scientific).

1.3 SEgmikit

NG FUS 5 5 BBB JF U 42 41k 6 34 1
FL /N ERBEAIL 23R o) BT AN FUS 48 BR A, 38 4 Gar-
cia i K FFEPEAL FUS JF BBB Ja/NR I #4474
228 AE (R4 n=6 ) ; UG BEZH I FUS 4@ BB 41/ B (B
2 n=3) PEAT HE Yo €20 K6 0 550 B8 A XA+ ot 2
ELISA £ | AS [ B5f Bt IL-6 . TNF-o  IL- 1B 19284k DA
A FUS X 9 0E R F A B2 M (RE 4l n=4) . IR
BBB i i# PRl (] A5 10, 4 12 K EEBH/N BRI 53
JoXF AR 1h 4] 4h 4] 244, B3 H L 5 T
7 4R RS 19 Oh 3h 23 VR 55 20 500 2% 1A SC
S0 (evans blue, EB)i# K (50mg/kg) , EB 7E /) il
RNAEPS 1h 5 Ab S8/ N, 38 5 EB 932385 1 DL R AE
BBB PR . Bilife , 4 24 H/N BB HL A3 SR % 1R
2 1h4l 4h 2 24h 41, Bl 6 43t BrAb E/NRR,
Western Blot 45 {1l AQP4 ) 2 ik 12 ) 22 il 41 4L A 7K
BbAss O s PAL ' 88 1% 278 1 occludin . claudin-5 . ZO-
1 197 1 ik i, 2898 FUS 175 5 BBB Jilc 24h P %
SRR IR
1.4 FUSECA MIETT L BBB 15250 20 9%

FUS @I R Gt th {55 & AR 2% GE IR FLRBHEL i
YA BRA ) IR BOK A (mini-circuits) B ICER
PR P PR RE AR ALK . R P T BE A Y S AT R N 1
MHz, £ 55 HF B 40 R4 22 11 2.3cm . 53 FUBE R /)N
SRR K FLF IR RMOZ [T , 5B Sk TR B & S B 1k, 72
Gy BRI . B RE A E TIE FOAR N, R L
[ 5% /N B 22 M7 2 X 38 ( Bregma Ji5 2.92mm, /7
2mm) , FH R R 700 2 7 B 5 P O A 2 T
2Bt RS, o R F kGl iE , 1 R iR ki So-
noVue W, 5 0.1ml/15g, FUS 2H /)N L 5t
T i Sz B SR B A o R 200m v, ik b B A2 A8 R
1Hz, ik 9 10ms 2% (1) FUS 45 08 1205, X BR 2
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(A FUS §R B
1.5 M UIREVEAL

% FH Garcia 343 1= 2" 43 51| 7€ FUS F it BBB
A A& BBBFFIIUS 1h 4h 24h  72h XF 1E# 411 FUS
/NPT R AP EA, , FEE/INR I B sl
YK S 20 AS AT | AT SI% B A
T R R SIS BRI 7 WS bR, BRI 3 A, PR
R b 22 D) AL 138 ™
1.6 HE:f5

ST 1% 0 S L 240 (50mg/kg) L 777>
SRUBR IR i T R RO L R FH 4% 1 A SR K a7 7
T, 2 A0 B R AR TG 52 T, T
Jikio /NI LT 4% 1) 22 58 H R [ 0 |, 24h
S O o 2 2R L 5 K 3 PR A B TR
Jii7K o OTC AL M5 X i BE DX I 2H 24 10pum JE 54k
LYl R, U1 A BB 100pm, B4 H 6 5k U1 /- 1#£17 HE
geft RIS BT K B 1 B 42 at i
HARE DL
1.7 ELISA

AN OB 75 R BRI ZH 2 28 510K (B0 J X
3 FF AR BRI E , (8 F ELISA 350 5 A6 2 4 440
J R F B8 YR BE IR ¥~ o (tumor  necrosis factor al-
pha, TNF-a) | F1#fiffi 4 2% 18 (interleukin 1 beta,IL-
18) . FAZiHIA % 6 (interleukin 6,1L-6) FFE KK,
1.8 WEINHLEB 12 &L

/BRI ZH 2T 4% 1) 22 5 W 1 W vh [ 2 24h,
AR 7 B UG DX sSASOREIR B0 R, WL EB 7 ik
N IBEE O, S SO PSS BRI A1 4L A0
TATFI LR T
1.9 Western Blot 44l

5 e A R DX A ZH 2, A RIPA S I M
PMSF & [ E A0 0500, R R i v SO iR I 2L 2, 5
0 30min J5 BRI N EEH . R BCA E
W ) e R VR AR v iR 2, FE AR A v il Ze i B AN
[ A B B TR . FEANRIA SR AR i AR
ARG, B B E N K A 25min, BCHI T
S IO Fiig WL DK BE G , ¥4 T3 £L 20pg B AR b B A T A S
MR T 2SS ERIK, 205V oc-
cludin, AQP4,ZO- 1, a-tubulin, B-actin £5 [ #F 17 4%
M. 5% ARG A=W A3 P Je —PUE & A 4°CrkAf



PHAAE AL 20234 385 1)

i, — PR E 4 I TBST YRS T —
PURFE , FH TBST W5 7EBE I B A B35, fli
Gel-Pro Analyzer 3531 A8 457 B K BE(EL
110 ZEitAortr

IV SPSS 25.0 B AF AT Geit o b, S B il
DIBMEAAREZE RN o X TAF & IR A1 B 8
T 2H 500 1) 1) b AR FE e A6, 22 A Bl Bl i LE 3
K LR % Ty 22 43 1 (one-way  analysis of vari-
ance,one-way ANOVA) , #f—25 K F SNK-¢ K5 56 i7F
AT AL, 5 22855 I R ] Tamhane' T2 4556,

K56 7K #E @ =0.05., % A GraphPad Prism 8.01 ({4
gtz E,

2 H#ER
2.1 FUSiESBBB H AT RN 21T R
A

FUS J¥it BBB Hij L }% FUS J¥Jit BBB )5 1h . 4h,
24h,72h, X} BEZH AT FUS 21/ ERUAY Garcia 343 T 2 3
PE 5 (P>0.05) , Ui FUS 155 BBB H UG AN 23
S/ NURIR 24T MR (D) .

%1 FUSIEEBBBAMBIEAERE & &EHNREEITAFED LR (x£s5,53)
215 1% FUS JFJit BBB i FUS-1h FUS-4h FUS-24h FUS-72h
XJHEZH 6 20.50+0.55 20.50+0.55 20.50+0.55 20.50+0.55 20.50+0.55
FUS#H 6 20.67+0.52 20.17+0.75 20.17+0.75 20.3340.52 20.67+0.52
HH -0.542 0.877 0.877 0.542 -0.542
PIa 0.599 0.401 0.401 0.599 0.599
2.2 HE Yol /R FUS %5 B8 DX AR D21 4 e Xof HE ZH A T R JCH 2 22 55 (P=0.629) , /R FUS

WU T WSS HE e (U]l 45 2R /s B4
FIFUS i BBB 2H /)N BRAC Al B J5 R v = X240 Jf HE
GIVEESE B AL, A B PN 2544 16 %, R WL 21
B (K1),

2.3 FUS5T BBB Hla A5 o PER T
55X BALAH L, FUS 35 5 BBB JFUS 1h.4h,
24h RAPER T TNF-a IL-1B  IL-6 A 3A 7K 5 %t IR
ZHTC A B 22 5 (P>0.05) . H 8K TNF-a (P=0.898) .
IL-1B8(P=0.485) .IL-6(P=0.480)7F IhifHA T #4
POMARAE BEEZERCGR) WRIEGESECE,
FUS 55 BBB H A 25 RS TC AT R AE
2.4 BBB 355 ERE RIS ] 4E KB R A

WELXT IR 1h 41 4h 4] . 24h 4 EBZE N A B
BEEOL, 25 E] Th 4145 IR IN X A5 EBB %, Wik
YITd b0l W EB # 4% 1 B K, v 3 2 IS .
XT REZH (4h 20 RN 24h 4 i S NS4 R WL EB B . Bifi
# FUS JF/i# BBB ¥ B[] £ 4 , BBB 32 i PEREAIL,
4h,24h I E CEB BB A (82) .

2.5 FUS/55 BBB Hlt 41 21 b AQP4 1)K ik
HICH ARk

AQPA 445745 i N 18 K -7, 55 i 7K e 4% D) AH
% . Western Blot Kl % Fil 1h 4h.24h AQP4 [
s 5 A O] IR 22 5 (P>0.05) , Th 41 AQP4 #%

753 BBB IO AN S5 R SUK IR (%3, 1#3).,
2.6 M2 occludin. claudin-5.Z0-1 KR AR L H
P AR (AR AL

occludin . claudin-5.Z0-1 J& "5 % 3% 5 1) 3 54y
WA . SXFIEZHAEL , occludin(P=0.034) .claudin-
5(P<0.001)F1Z0-1(P=0.002) % [ F A H1E 1h L%
TR, Bt %5 FUS JFi BBB I i) Y 3E K- , ZO-1 Fll occlu-
din E FIFGAEZWH N, 4h 24h EARIECD S
X BEZH TCHA i 25 5 (P>0.05) (4 K1 4A . B) . H4R,
1h 5 claudin-5 [} 85 [ 2 A 2, {H 24h 25
FER AT X R (P=0.002) (% 4, E14C)

3 itig

FUS1E R —FhAE R AT H A, T4k Al
SR P B A T 9T BB . ASBIFSY & B FUS Bk
B T AE AR B AR N B A T R 24 R I 50T 34
BBB [WiE#E M, B2 5 R as /A5 gl 20 B2
SR AR E EB A , X 0] BB 0 BBB A 2
BN 24 W A PN A 3 % BRI T BT B . {H Ko-
vacs 25 % B FUS i 5 BBB J1ilUs nl 5 | #2 G ETE R
i, 51 B S5 5T R #R B 4R 1 70 IL- 1 TNF-at
TL-18 (A ZRIA LRGN, 3005 N Jo 4 R T 1 o
LIS AL . 2017 4E , McMahon 250 B (v 77 4 AT

www.rehabi.com.cn 11



Chinese Journal of Rehabilitation Medicine, Jan. 2023, Vol. 38, No.1

1 ERAMFUSIEREAHELRBER

control 2

FUS 41

401

B

A/ DR DS AR HEF S B0 s B. /N BB BRI HES I 5L 5 ./ B T X AN HES 5 0L

xR2 BHANETNF-o IL-1B.IL-6 FiEKFELL (xs,pg/ml)
iH X AL FUS-1h 41 FUS-4h 41 FUS-24h#H GiiHE
TNF-a 31.87+7.99 33.24+22.59 25.48+8.37 34.43+8.55 F=0.335
LSD-t K5 B Gt i (5% HRZHAH 1L ) P=0.898 P=0.556 P=0.812 P=0.800
IL-18 1.41£0.96 2.2542.07 1.27+0.28 1.97+1.88 F=0.354
LSD-t K 35 HE (55 % RELTAH L) P=0.485 P=0.906 P=0.640 P=0.788
IL-6 3.7240.43 4.61+2.71 3.91+0.53 4.73+1.27 F=0.360
LSD-¢ KB Ge i (5 %0 HRZHAH 1L ) P=0.480 P=0.881 P=0.425 P=0.783
R3 BHNRMEALR AQPL/B-actin T [ FKiL LI (s)
i X IR 2R FUS-1h4H FUS-4h4H FUS-24h4H A
AQP4/B-actin 1.15+0.53 1.26+0.74 1.03+0.56 1.13+0.59 F=0.397
LSD-t K30 5t HE (5 % B4 4K) P=0.629 P=0.568 P=0.813 P=0.756
x4 FLHNMNBWALRZZFEEEA occludin, claudin-5.Z0-1 RiA LL & (x£s)
gE| o i 2 FUS-1h4{ FUS-4h4{ FUS-24h 4] GiHE
occludin/B-actin 1.55+0.58 1.19+0.44" 1.34+0.43 1.47+0.36 F=2.932
LSD-¢ A5 3G 1 (15 % HEZHAH 1L ) P=0.010 P=0.059 P=0.481 P=0.045
claudin-5/B-actin 1.28+0.40 0.76+0.29” 0.79+0.25% 0.85+0.35% F=7.167
LSD-t K 5050 1 HE (5% Bg1AH ) P<0.001 P<0.001 P=0.002 P<0.001
Z0-1/a-tubulin 0.85+0.40 0.37+0.17% 0.61£0.13 0.73+0.34 F=7.953
Tamhane F 5 GE I (5% HRZELAH LE) P=0.002 P=0.212 P=0.940 P<0.001

5L AR, (DP<0.05,2)P<0.01,3)P<0.001

F 10plkg J& , K RUIN 421 H 5 4 1k R - TG A 4 1
P&, BB AL FUS Rl BBB 945 55 7T LA kE S TG 1
PERAE . FEADFIH, FAT1 & B FUS 55 BBB JT i
Ji f49 24h N TNF-o IL- 18\ IL-6 i %35 5t JC B B 28
b, PE— UL IE SR 28 4

AQP4 & —FlOK B Z T, mRIA T
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HROR A 22 AR T LA ) S S i A AR v 2
HEF5 A P 22 TR P . AQP4 RIB A7y
Aii S5 S KB B AT IR S VIS . WS A B
P i 5 £ RIS BO™ 54 8 MK b, 7E S B 12h
N, R BUIKZH 2 rf AQP4 193535 it .35 T i s AQP4
T R I Tt 20 P AR o Ao T ) 2 e R I, L2400



PHAAE T 4L 202348 38 %5 1 1)

El2 FUSHSBBB G EB 7R N H5E 4 RERT E A LB R

control FUS-1h

FUS-4h FUS-24h

3 FUSE S BBB FAl/a AQP4 ik EFERT B HIZE 14

control FUS-1h FUS-4h

e
B-actin

i %) 2 5 B A, i AQP4 I 0 AT R R iR 2k
Yl AQP4 [ IE , IFAEUE AQP4 M k40 A7 , I %
i 453 4 S i K e 2 R AR Sz, AT ARG
7 FUS JFjit BBB Ji7 1h.4h.24h N AQP4 754k, , 4%
TR I AQPA FEAN ] Is) [] Bt A 1 ¢ 326 1 5 1 6 %) B
ZHAH HL TG B 25 5, URH FUS 5% BBB HFilUE A
£x5 R HLUK M . Zhang Z ] HE 4TI BBB LS
WARHN T RAA LS o AT 1IE 5 X B2, T
5 BBB a5 i UK b, H AQP4 [y ik
i Wi R LA

BBB & X il 28 ZR 45 e 3k M 1 JBE e e, BEAC
| 98%743 F 1 <400Da F1 100%>500Da ft) 24 1) 25 A
AEZF 1l BBB 1 B % 46", BB EHE RS
BBB J5t 5 U) RE 1) B2 #2240 41, 32X occludin , clau-
din 3% 32 55 B 431 F0 P9 B 400 P PR 8 o) A

FUS-24h

rart | ————

..J

ns
®
S 157
<
<
1.0
0.5
0.0-
S
& & & &

G, F3E AT A ST PN A A 3% B2 B 11 (zonula: occlu-
din, ZO) 58l 40 B 424H% . BBB W8 %
PE 5 R EE R AN S A A DE . @R FUS
FHiit BBB 24h V'R % E A 1R IB = A4k, FRATT
K occludin F1 ZO-1 7E 1h ik B N, M Jq &
W b, 4h 25X R 0 i 25 59 5 1 claudin-
STE 1h 5, 24h I R A RA i A ETHBEATIT
TIEH X REZ, 25 A7 o P, 327 BBB T
Ja AN R R A A R S AETE SR Y . 7E EB
BEIR R, A TIE KB 1h I EB 7R MK P 45 YL i
U, 3] 4h B B 41208 2 JC AR o] LI BB, F it
FeATHEM] , 3% 7] GE 55 occludin F1 ZO-1 &3k o AU B AN
FH K, M claudin-5 % BBB fit 5 [ A FH 52 0 #H ) 45
7N Nitta ZEM RGBS & PE, claudin-5 21K & 2
JE R BEXT BBB [ IE A5 H4 R BESZ a4/ o FE R
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E4 FusikF S BBB FH/F occludin. claudin-5.Z0-1 &&= REAT B HI 254K,

control FUS-1h FUS-4h FUS-24h

Cmmﬂ!!DQ-q-u-.

B-actin

A B.FUSS: BBB Hilt)5 occludin, claudin-5 85 [ Fe 5 2 Bl ] 9254k

control FUS-1h FUS-4h

S — e e e

G-MUbULID e |

—
A 25 B 20 2=
il ' ns i A
ﬁZ.O— ns ﬁlS- ns
e ® ns

1.5 —
£ % 1,07
E 1.0+ S
Q
8 0.5 3 051
0.0- 0.0-
SR SN\ N SN
S NN K S NN
& & &Y & &G LY
& QQ Q\B QQ% & QQ QQ {9‘5
ns
1.5+ ns
—_
ok
C sk
E 101
FUS-24h K rE
& 0.5
N
0.0-!

C.FUS#S BBB UG ZO-1 A A a7 k.
5 control AHLL, *P<0.05, **P<0.01, ***P<0.001, ns: P>0.05

Bk claudin-5 & F Ji5 , /N EU BBB [UTE S 45/ 15 %, B
AL 43 F 1 <800Da Y /s B 51 MUIMLAE P35 Hh L (BN K
T WA BEBEAE A, B LA claudin-5 7] G855 BBB
Xt /NG T ) B B E AR DG . Y R B B ] occlu-
din . claudin-5 2L K % ik J5 , BBB X} K437 1 5f A E
FHUEES , AT e U 3—10kDa /R EEFIAINDY . ik 4h
i EB (43 714 960.81Da) JC 1 1B 3 AN , (H i i
claudin-5 ) FRB BT, A THATE /N1
INEERER BB AR . K, 78 BBB ¢ i 72
AT — DR A A AE XS AN [F] 4 ) I
BV K R A S 5 DU , L ANA 75 E— 5% clau-
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