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Fibulin-5 over-expression protects blood brain barrier in rats after cerebral ischemia/
reperfusion injury

Cheng Chuang, Qin Xinyue, Guo Jia, Yan Weiping, Xu Guanghui, Bai Yongsheng ( Department of Neurology, Chongqing
Key Laboratory of Neurology, First Affiliated Hospital, Chongqing Medical University, Chongqing, 400016, China)

[ Abstract | Objective To determine the effect of adenovirus mediated over-expression of Fibulin-5 on
blood brain barrier leakage in rats after cerebral ischemia/reperfusion (I/R) injury and investigate the possible
underlying potential mechanism. Methods A total of 112 adult male Sprague-Dawley rats were randomly
divided into sham operation group, cerebral I/R group, I/R plus AD-Fibulin-5 group, and I/R plus AD-HK
group. Adenovirus carrying fibulin-5 gene ( AD-Fibulin-5) or blank adenovirus ( AD-HK) were injected into
the right cortex and hippocampus of the rats from the latter 2 groups. In 7 d after gene transfer, the rats, except
for those of the sham operation group, underwent 90 min of ischemia and then were reperfused for 24 h. The
expression of fibulin-5 and occluding in the brain tissue were detected by Western blotting, RT-PCR and
immunohistochemical assay. Evan-blue extravasation was used to measure the permeability of blood brain barrier.
TTC staining was employed to observe the cerebral infarct volume. Neurological function was also evaluated.
Results  Intervention of AD-Fibulin-5 resulted in significantly increased expression of fibulin-5 at protein and
mRNA levels (P <0.01), smaller amount of Even-blue leakage ( P <0.01) , enhanced expression of occludin
(P<0.01), obviously decreased infarct volumes (P <0.01) , obviously milder neurological impairment (P <
0.01) when compared to the other groups. Conclusion  Over-expression of Fibulin-5 attenuates blood brain barrier
leakage in rats after cerebral I/R injury, which might be due to its enhancing the expression of occludin.

[ Key words | Fibulin-5; cerebral ischemia/reperfusion; blood brain barrier; occludin

Supported by the General Program of National Natural Science Foundation of China (81271307). Corresponding author: Qin Xinyue, Tel: 86-23-89012008 ,

E-mail; qinxinyue@ yahoo. com

[(E&mMB] EEKARP IS EFH (81271307)
[BEEE] 2 A, Bk (023)89012008 , E-mail ; ginxinyue@ yahoo. com
[fLSEHAR]  htp://www. cnki. net/kems/detail/51. 1095. R. 20140116. 1056. 007. html(2014-01-16)



36 &4 13 B K B Ok ¥ % R
J Third Mil Med Univ

20147 A 15 H

Vol. 36, No. 13
Jul. 15 2014 1387

0757 DAY 7 (1) B850 118 5 43 e B 1 Ik o s 2 4
H Pl B R e N R . PR R ®
Y P 1 1 ) 0 T A L ] 5 LI 5
SEREICAS B R o I e L T T R AR T R R 4
SUGRAA, P R A LR T, 200 6 47 35 I 3 A, e 5 o 5
FELEFY TR, DRI S8 5% 1 1 A (1 3Rk s/ MLt o P il
BN, Fibulin-5 J2& 240 i 48 3 BT K % Fibulin H1 iy
— B3 AT R R 3 A R B P R 4 A e A
SRR At R B a4 F BT R e e, T
PN B 400 6 5 A4 i 9 1 356 5 A 260 B REAIE 1 K o i B B T Y
63k Fibulin-5 A] B 1 1 8 £ A 7E P4 Bz 40 i 1) %
FIERE AL, LA Fibulin-5 36 58 -5 HAth 41 i
SPEFE PSS GG R IR, TG R S
P A% T, DT 384 558 PR B2 200 M X A P B 455 2% A (5] 4 e
A0 38 I, A AR 2 A A O, b 4 25
B8 15 AL 5| 1 75 P UK (reactive oxygen species,
ROS) Bk " o DA, oA T4 I Fibulin-5 A] A8 & — 4
TETE B A 1l ki 5 R E IR R . AR SRR
35 Fibulin-5 Jips 75 250 A4 it PN 37 A4 8 A7 55 1 5 =K
i K BRI SR Ik 20 21 33 F23K Fibulin-5, {)1%% Fibulin-5 X}
R SR R ML PR A e R B B B T occludin K I
I S B8 375 P ) S

1 HEEHE®

L1 A5 RA

JAEHEME SD KR 112 H i 200 ~ 250 ¢, 1 5 R
BERZ SR L. 23K5K Fibulin-5 s ( HigFA EAH)
AN]SRt Fibulin-5 ( 32 [ Minipore 23 ] ) , %Pt occludin ( 35 [F
Invitrogen 23 #] ) , /NPT BN Bz 4l it J ( RECAT, F T id
WM, 5218 AbD 23 w]) B SRR et (36 [ Sigma A H]) ,
SR R BEEE FR BGEUR & (R UL AE R A F]) , RNA
PRI, 3052 55 By 1 1UR) & (TaKaRa 2 7)), IDEHT S —H0 (b
SPHIERAZA D) BT dylight649 50— 51 G mRAH) iR
TRITC %6 —Ht (RBE LA o
1.2 %%k
12,1 2 112 HRESM R 4 4, BT AR41(S)
R i 2H (/R ) Ak i it 3835 Fibulin-5 Jio 2 2014 T F2H
(I/R + Ad-FBLN) LA B fixi e 1l i 25 B 995 B 4% R T W41 (/R +
Ad-HK) ,£52H 28 H , Hh Western blot #5il] 8 H (4 BT JEE
H.,4 AHFEEH) , B9  TTC 3 \RT-PCR &t (5
POCHE PRI 4 H, T A K RAELSERT AT R 2 D) RE P4 o
I/R + Ad-FBLN 24 2 I/R + Ad-HK 2 11 K FRU7E i Sk I mip 7 d 332
32 R S I B TR, A 2H D UL IR B 1 PR )5 24 oA
W Fibulin-5 23 | ML 5 B ) S 2 1 KA SE IR | 8 8 e e 2
F 2235 I Pl 2 D AR BRI 0

1.2.2 AR REr R RLTESs AR A A S, A

MR (2,1, - 1.5)mm; (2, =3.0, - 1.5) mm, DA} — £ i
.(2.5,-3.5, =3.5) mm /E #0550 . i385k Fibulins J§
SR (6.3 x 10'°TU/mL) 8% 25 2R 5% 75 (7. 6 x 10'° TU/mL)
SRS RILA b3 5, B R IR T 2wl TS
0.2 pL/min, T4 5855 PR FFTESTEHE R AL 5 ming
1.2.3 RISk ZERA S, SRAAS RS i 9 52
Wik G Longa PEAM | 1 ~3 MK AN A LR 0 43
54 3 L RAETORE B R B W PR o s il = 30 Bk S 3 2, 9
AN R 52 36 K R LA kR 55 o
1.2.4 Western blot &l e R AR PR G B 4 O B R
F B 143 3 F Fibulin-5 & occludin (RGN, 85 F AR
1E 10% 1) SDS-PAGE ¥tk /4y 8 )5 , #:# % PVDF Jii I, Fibu-
lin-5 —H7 (1:900) , occludin — 3 (1:100)4 CIEF i, 3t
(1:3 000) =i H 2 h J5 , Bio-Rad BERFIH A
1.2.5 RT-PCRAM  WERARAS Ay TH K EGAL £, A 25 {0
T Western blot, Z:H8 RNA $RHUS 33 % SRl 57 & 1 B - A8 Hi Al
21 DNA T -20 C{#47, Fibulin-5 F3#(21 bp): 5'-TCGTCTG-
CGAGGAGCCTTATC-3', F il (20 bp): 5'-AGGGTATCGGGTC-
GTTGCTT-3" ;0ccludin |37 (22 bp) :5'-TGAACTCTCAGGAAAC-
CCAAGG-3', F il (24 bp) : 5'-CACTT CTCTGCTTGTGTGTCCG-
3'; B-actin F3#(20 bp) :5'-CACCCGCGAGTACAACCTTC-3',
% (20 bp): 5-CCCATACCCACCATCACACC-3', #¢ B SYBR
Prime Scripttm RT-PCR &7 & Ui B 45, #E 17 R & B SO o
1.2.6 s A Shy R I s BE B A, RS
24 h, WOBILRAE ML GFP 5t AT HRIBEVEAGRIL, PK TR
IR 43515 RECAT 1 occludin —37 K AH N f5E 6 —Hil & , 1
A BB MER
1.2.7  [mGEESES R 4% MR SCRIER IR 3 mL/kg
MR EBRE#IKEA L2 h 5 A0 R vk A 3R /K 200 mL, K
LI I FR i, 2120 5 P BERE 510K 05 60 CHEE 24 h, B0 )5
B i I AR 630 nm 5K T G A, 2 IR SO
WA A BRUE T3 o 2 2 A SO Y A
1.2.8  TTC Yt X2 D g T4l TTC Yea 2 HRSCHk (9]
2%, R R R0 2 M A AE AR R 43 Lo M T RBP4l >R H
TEAr B M7, 2 18 Shen 25 (PE A0 bR IEIEATIEAY , BeAK
343 i 18 41 A8 BRI 2 D) RE B B
1.3 %t

K FH SSPS 16.0 Geit 24, G LA x £ s RoR , Z 41 AL
TRy 2000, 5 25 57 B PO 7 LL AT LSD K3, Jy 22 A8 5%
B 47 Tamhane 15 5 .

2 HR

2.1 MomAEE e s Fibulins ¢ & A
RGN  FRHETE T 24 h, 7678 59 05 8 Bl R X %
Ty CAL ~ CA3 AR [ X ] WA (G 5155, X i 20 24K WL
B B4 {058 {5 5. Western blot } RT-PCR #0285 5 7R,
I/R + Ad-FBLN 4 K fR G 1M Ax 4147 Fibulin-5 [ 25 1 )2 mRNA
TR S T A SR 4 (P <0.01) . B4, /R 41 KBk



5536 455 13 W
1388 2014 47 A 15 H

LR N S S
J Third  Mil

Vol. 36, No. 13

Med Univ Jul. 15 2014

M4 2 Fibulin-5 #2511 b mRNA 7KF-4¢ S 414 W) & I+
E(P<0.01), ZEHRILE 1 K 2A F1,

200 00 pm 700 00 pm

200 00 pm 200 pwm
—

A~C: I/R + Ad-FBLN 48 &k do 34 {0] | £k do ) & JR | Sk o 0] 35
D ~F:I/R + AD-HK %8 5k ofn s40) | &k o0 R | S i) i 2y
51 BRERFRFASHEEARMANERER

1 2 3 4

Fibulin-5(56x10°)— e —'4 .‘3
B-actin(42x107)—>  *——————— ®

1 2 3 4

occludin(65x10°)— . SN S——

B-actin(42x10") > A—GG——G———
®

1:S41;2:1/R #8;3:1/R + Ad-FBLN 21;4.1/R + Ad-HK 41
B2 MskinmE#EER 24 h KHKRBHELR Fibulin-5(A) &
occludin( B) E AR KIE
F1 [EELMEETS 24 h A KXRKAL Fibulin5 & occludin
MEBF mRNA KFE(n=4,x+s)
Fibulin-5 Z54  occludin #5F{ Fibulin-5 mRNA occludin mRNA

5 N - , ‘
IRIELLAA IREEWAE /KOF(2-880) kP (2 -480)
S 0.296£0.006 1.340=0.045  1.000=0.000 1.000 +0.000
/R4 0.751 £0.008%  0.612 £0.016*  3.725 £0.275* 0.738 +0.070*

I/R +Ad-FBLN £ 1.868 £0.046%> 1.040 £0.0422> 24.025 £0.699%> 3.390 +0.247>
VR+Ad-HKZH  0.742 £0.012% 0.585 +0.044%  3.225 +0.568" 0.684 +0.051%

a:P<0.01,5 S 2134 ;b.P<0.01,5 /R 28345 ;¢. P <0.01, 5
I/R + Ad-FBLN %1 sk 4%

2.2 BEEZFAWERLA

FEIEH ML  occludin L2 [ RIBTEIMAE N R 41 il RECAL
ZI0) o SRIMAETES 24 h, BRIE R E AR R WEOR, 7O
SRR IR o SR B A A ZH 2R Fibulin-5 33 23K )5,
occludin ) ik FFE . /R + Ad-FBLN 2 occludin [ 5 9 &
mRNA FhACPEL /R AW B A& (P <0.01) . 455 ILE 2B,
K3.%&I1,
2.3 e blEad i

5 S YA, FERESS 24 h, I/R 21 KRR i A0 fi 20 23 AT I
BB SCREETR L. VR + Ad-HK R B R SR L 5
R HREZIBITE W .25 57 (P >0.05) . T it 2235 Fibulin-5
R R T IS , SR W L W] s (P <0.01) o 25 5L LA
4.3k2,

50 pwm

50 pm
—

50 pm

A~C:S28;D~F:I/R 48;G ~1:I/R + Ad-FBLN 21;] ~L:I/R + Ad-

HK 48;A D .G .J:RECA1;B . E H K:occludin;C . F I ,L:RECAI +

occludin

3 BRI #EEE 24 h FHKXREERAERARIL occludin 5
RECA1 W&

‘A i B‘C - D

A:S 48;B: /R 48;C. /R + Ad-FBLN £2;D: /R + Ad-HK 41
4 MttmE#EER 24 h SAKRREARFTEBERHER

F2 OB EFE24 h ZFAXRRALFXRERY REX
BB B INEETED (n =4 ,x £5)

13 BRSO IR FEFE AR MAIREIT S5
(pg/g) HAH(%) (41)
sS4 1.654 £0.220 0.00 +0. 00 14.63 £0.48
/R4 6.846 £0.130* 36. 14 £1.26° 6.00£0.41°
I/R+Ad-FBLN 4] 3.565 +0. 2344 20.97 +0.80% 10.50 +0. 412
I/R+Ad-HK 4 7.070 0. 1482 36.28 £0.66% 5.75 £0. 654

a:P<0.01,5 S4#;b.P<0.01,5 /R 4A3b4;¢: P <0.01, 5
I/R + Ad-FBLN 48 b4%

2.4 JERRICARBRBRAY 2 e RAE

FEHEN S 24 b, /R 40 K% /R + Ad-HK 25 < BRU St i ) < figi
Al DL B RS /R + Ad-FBLN 41 LAY I 4 0 4F B 42 45
NP <0.01), 5 SHIARE, /R 41 B H 3™ 5 1 2 ) B
B (P <0.01) 33335 Fibulin5 T-%i/5, /R + Ad-FBLN 4%
RAYTIREEREAI] I (P <0.01) ,4R1M I/R + Ad-HK 4K ER ML
TIREHURAL VR 4R WL B (P >0.05) , 4510322 . 5,



5536 5 13 1
2014 427 A 15 H

CEEA N S
J Third Mil Med Univ

Vol. 36, No. 13
Jul. 15 2014 1389

"IIL

A:S#1;B.I/R #1;C. /R + Ad-FBLN #1;D.I/R + Ad-HK 41
5 MNERMBEEFS24 h FEAKXRKEAL TTC #6

3 it

IR A5t 1L PO S 44 5, A 38 1T P e B , Dol
IR — BRI S B B ERAYT TR s . %
B A A A R R I A 5 R A ) R
PR, Fibulin-5 fils 54 5 P9 Rz 200 i 5 200 i 40 35 5% £ 28
B SRR h A ) T R S e A kD
AWFFEH i Fe3k Fibulin-5 f I 2555 e R BUSUA
PRI Fibulin-5 X o ke 1, P38 73 2405 J5 B i e sk
B3 R IR T R D I e o
TEJE 24 h, i #3k Fibulin-S f A BRUK Gk i, 98 732 ) I
ik B W s 4 k20, PN B2 44 i 1) 5 2% % B2 B 1 occludin
FikTH . HAhsE F ik Fibulin-S VR i 4 5E i FR 4
N I REBS AR . DRI, I R S H
PR ik — AR IR EE S 7 d ket R
BFSEIESCAERG 7 1 ST 8 d, T 141 Fibulin-5 (3%
BT HABA A (P <0.01) o XKW IR T i
R BRI AN 55 20 2 Fibulin-5 BTy 1Y) Ry ik, B i%E
AR AR SR A R 2 i R L L ki 5 R TR A e e
PEDR 22, A WFE 58 T80 L4 79 Bz 4 i 5 Bl A 22
RS EPURIL R 25 R I, B T R L kb, I
Fi 0 3 P 8 o DR O 0 P B 400 T 1 B
B FE SR T PN B 200 B 5 200 B 91 35 5 1) 6 RE 2 1
BEEREA ML, Wil &k Fibulin5 #8580 440
MR B1 A 25 0350 R R M D Kz 40 o 240 ffa 41
SERRGEER S o PR, FRATHEN Fibulin-5 2 0F 5%
VEREE A occludin (4 1K AT RE STl & B 2 A
N Rz A M AR AP B G PN 5 1S Y o Bk ol 5 A K
1 ROS %4, ROS 347 Rho Fii/ T 1045 P4 K2 40 o 45}
5, WA I i s i 43 . Schluterman 217
S B Fibulin-5 % PR H ok B R P ROS 7K1 2

B vEs PR A R 0 A R 2 LA P, A4 h S et
— LR, Fibulin-5 58 1 5 21 1% 85 1 38 Gtk 45 G 4%
AR A T/ ROS =T
It Fibulin-5 3 T 08 & Kl g0 f ROS /977 4=, 1
SR/ I i S A ) S PR 2 — o R T e o
Tt , b 33K Fibulin-5 34 58 i A58 58 AR 46 /)N, P 22 20
REBRF AR , 33X AT RB 2 R Sy o o 3 s 920 )i i
K Pl DTS Jey P A 1L 38 A% B e AL I 385 A, A ) T
SRS

25 FRTIR, 33K Fibulin-5 3805 1 R BRUIK B IL-FF
TETEAR 9 05 100G 5 B A9 404 L 3X 5 Fibulin-5 {2 5%
HEHEE M occludin Y5 5%, [ B} Fibulin-5 if FE45
ZINIRG Bk TS P AR S8 T AR, AR P 22 BB A

SE Lk

[1] Daneman R, Barres B A. The blood-brain barrier — lessons from moody
flies[J]. Cell, 2005, 123(1): 9 -12.

[2] Liu WY, Wang Z B, Zhang L. C, et al. Tight junction in blood-brain
barrier: an overview of structure, regulation, and regulator substances
[J]. CNS Neurosci Ther, 2012, 18(8): 609 —615.

[3] Yanagisawa H, Schluterman M K, Brekken R A. Fibulin-5, an inte-
grin-binding matricellular protein: its function in development and dis-
ease[J]. J Cell Commun Signal, 2009, 3(3/4) . 337 —347.

[4] Preis M, Cohen T, Sarnatzki Y, et al. Effects of fibulin-5 on attach-
ment, adhesion, and proliferation of primary human endothelial cells
[J]. Biochem Biophys Res Commun, 2006, 348(3) ; 1024 - 1033.

[5] Engelhardt B. B1-integrin/matrix interactions support blood-brain bar-
rier integrity[ J]. J Cereb Blood Flow Metab, 2011, 31(10) : 1969 —
1971.

[6] Guadall A, Orriols M, Rodriguez-Calvo R, et al. Fibulin-5 is up-regu-
lated by hypoxia in endothelial cells through a hypoxia-inducible factor-
1 (HIF-lalpha)-dependent mechanism[ J]. J Biol Chem, 2011, 286
(9): 7093 -7103.

[7] Schluterman M K, Chapman S L, Korpanty G, et al. Loss of fibulin-5
binding to betal integrins inhibits tumor growth by increasing the level
of ROS[J]. Dis Model Mech, 2010, 3(5/6) : 333 —342.

[8] Wang T, Wang J, Yin C, et al. Down-regulation of Nogo receptor pro-
motes functional recovery by enhancing axonal connectivity after experi-
mental stroke in rats[ J]. Brain research, 2010, 1360. 147 —158.

[9] Liu F, Schafer D P, McCullough L. D. TTC, fluoro-Jade B and NeuN
staining confirm evolving phases of infarction induced by middle cere-
bral artery occlusion[ J]. J Neurosci Methods, 2009, 179(1) . 1 - 8.

[10] Shen L, Miao J, Yuan F, et al. Overexpression of adiponectin pro-
motes focal anglogenesis in the mouse brain following middle cerebral
artery occlusion| J]. Gene Ther, 2013, 20(1); 93 - 101.

[11] Kahles T, Luedike P, Endres M, et al. NADPH oxidase plays a cen-
tral role in blood-brain barrier damage in experimental stroke [ J].
Stroke, 2007, 38(11) ; 3000 —3006.

(rF5:2013-11-04 ;& [8] :2013-12-31)

(¥ EE)



