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Effect of fatty acid binding protein 7 (FABP7) on the permeability of blood-brain barrier in rats with cerebral is-
chemia-reperfusion CHEN Ii,ZHE Xia,GU Chaochao,et al. ( The Third Department of Neurology,Shanxi Provincial
People’ s Hospital ,Xi’ an 710068 , China)

Abstract: Objective To investigate the effect of fatty acid binding protein 7 ( FABP7) on blood-brain barrier
(BBB) permeability in cerebral ischemia/reperfusion (1/R) rats and the mechanisms involved. Methods BBB cell mod-
el was established by co-culture of rat brain microvascular endothelial cells and astrocytes. The BBB model of I/R injury
was eslablished by using oxygen-glucose deprivation and reoxygenation (OGD/R) method. This model was treated with the
FABP7 recombinant protein (rh-FABP7) alone or together with S7155. ENDOHM instrument , Western blotting and flow cy-
tometry were used to determine the transendothelial electrical resistance (TEER) ,FABP7,T] and matrix metalloproteinase
(MMP) protein levels,and apoptosis. The rat brain I/R model was established,and rh-FABP7 was injected intraperitoneal-
ly. The neurological function score,wet and dry weight method,and Evans blue staining were used to determine the neuro-
logical function,brain water content,and BBB permeability of rats. Results FABP7 overexpression reversed the OGD/R-
induced down-regulation of TEER ,and FABP7 and TJ protein expression,as well as the up-regulation of MMP2/9 expres-
sion and apoptosis (P <0.05). S7155 treatment promoted the effect of FABP7 on MMP2/9 and TJ protein levels, TEER,
and apoptosis (P <0.05). Moreover, FABP7 overexpression reversed the I/R-induced increase of neural function score,
brain water content,and BBB permeability and decrease of FABP7 protein level in rats(P <0.05). Conclusion FABP7
alleviated the damage of brain I/R to BBB integrity by inhibiting MMP2/9.
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FABP7) ik T & & MUK Y BB I B 2n g i,
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1.1 FEMBAES  HE Sprague-Dawley
KEL(250 ~280 g) g |5 T P4 22 520 25 B 27 e 92 3
Ly, BirA S S 445 3 PG 4 5200 R A R A
Bt S B S ) F e DY S At L R U T A T S
400t ( Rat brain microvascular endothelial cells, RB-
MEC) . K EE I B4 il (Rat astrocytes, RA) I H
T LA M A YA W9 T, N 2H FABPT (recom-
binant human fatty acid-binding protein 7,rh-FABP7)
W H T2 [ Proteintech 22 F] . 5 — IR £ 4 B F
F [ Costar Corning A H], IV B e H F 3¢ =
BD Bioscience A, a4 M F . DMEM ( dulbecco’ s
modified eagle medium ) g H F 3% E Gibco 2y H],
S7155 4B (Evans blue, EB) Bl | — B JE VAR
(dimethyl sulfoxide , DMSO ) g H F " [F K i% Takara
owE PRI & A T 2E B Sigma 23 W,
Cellytic MEM # [ 4& PO &% A T 3£ [ Sigma-
Aldrich A7), BRI AL EEbR iC i W A T
T EZ =K/, FABP7(1: 800) . Claudin-5(1:
400) .Occludin (1: 400) , MMP-2/9 ( matrix metallo-
proteinase-2/9;1: 800) H &Mk H 3 [E Abcam 2
7], ENDOHM (X #54 A T 35 & World Precision In-
struments 2\ H) . & B KGR A B F 3 E CARE-
STREAM Gel Logic /Al FbRAN . CO, 4 i fe J5 £
FA A F L E Thermo A H], @ TAERWAT
(/K. 375 U F 6 [ Thermo Fisher
NI
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1.2.1 4ifj@%E3E RBMEC 1 RA QI E F&
10% g4 I /Y DMEM K 3¢ 4k, I35 7% 5% CO, 1)
37 CHE:FEFE TR 3%, th-FABP7 i T DMSO, {{/% T
-80 CH&HI,

1.2.2 I 5E & (blood brain barrier, BBB) 4
MRSy HIRERAE(FLA2:0. 4 um B 12 pwm; I
AHAR 12 324 mm) AT IR 00, IV AL
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JE TR R 1 i, RA 40 (1 x 10°) T T
i, 6 h &, K RERRE B, oF TS FLak h R 97
RBMEC 40 LB 7 JE K 2.5 x 10 (9% B 3 /b T
bk, IR E TS 95% & K.5% CO,
MRS TR, L3R4 ~7 d R TR &

1.2.3  BRIMFE#E A (ischemia reperfusion, I/R)
PR R 7 RA/RBMEC 3% 35957 3|
AR HI M F ZF (oxygen-glucose deprivation, OGD ) $5
P, K ILIE SR T J0 G 45 05 R 3 1) DMEM B
FrHE I T 37 CALEEE #7746 (5% CO,,95% N2)
HlEFE 5 h, OGD AbFEESH ) , 765 EU AT, K
Ji BT A A AR AT 10% i 4 M3 i DMEM K 5% 5
HE % 24 h, IEF &M T BRI A MAE X IR

1.2.4 ZHUJEALFE  Control 4H : IF % J% 3% BBB
AR ; OGD/R 41: Fl OGD 4b 33 BBB 4 fifd 5 7Y
5 h, B E IE 41535 24 h;0GD/R + rth-FABP7 41 ;
OGD/R 4b¥E BBB 4fi i 455 B 45 o )5, % 100 ng/mlL
th-FABP7 545145 )5 4 e L9724 h; OGD/R + th-
FABP7 + S7155 41:0GD/R kb ¥ BBB 4 fify 45 71 2%
HJ5, FH 100 ng/mL rh-FABP7 14 nM S7155 Jt:[R]4b
PRI 24 h,

1.2.5 N A2 HFH (transendothelial Electrical
Resistance , TEER) {78 E & 7 A9 3L 85 3249 s B
ENDOHM {X #8552 % TEER {8 2 FH il &4
IR A USSP R BEAE . AR E R 3 K,

1.2.6 41y 40 {H ] Annexin V-FITC/
PLSHL LI 2 RBMEC 48T, fii ¥ i) PBS ¥k
VAN (PR, FF BB T % 10 wl Annexin V-FITC
AI10 wl PLAYZSEZZ oD, 2 EEREF 15 min
J& , FA s A B AR I R T

1.2.7 Western blotting Jll &  CelLytic MEM
T FRBGR ) &1 T4 EC RBMEC 40 i iR A .
RIPA 24 i FH T $2 U RBMEC 4 ffd S8 . 10%
e B B TR - R TR 0 Tk B R S FH 4 S 40l
BEERE, BUKFE 120 V 0 R F #5147 2 he 7E 250
mA [HFE R AR % 2 R i IR R, 1A
BT 5% Bilgyim it FEEEE 2 h, R 5 5HEE
W) —HifE 4 CHRIFE . VeI 3 IG5 % 5
JE W ZHAEEIRBEE 2 he FRRVERE 3 1k, (ISR
HIbA e S R A I &R U ER 38, FF F Quantity One
BRAF AT B B 53 HT

1.2.8  KREUM /R BRI, 10% KA
% (350 mg/kg) BRI ERL, 1 4-0 HLez Je e 4% 5 48
1 NIk % v, B A B0 Sk, I A ) L BH 2
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I, IR AR AR AFTE (37 £0.5) °C o Jr2HARBRANT -
Sham 21 : K FRIEATF AR, (HASBH ZE KM 3l ik
I/R 4 KRk ZE 2 h J{FIRE M. /R + DM-
SO 4 :I/R #AIEE ST 1 h J5, K EUE B 5 DMSO
(30 pg/Kg) . /R + th-FABP7 41 :I/R R4~y 1
h 5, KBS S th-FABP7 (30 pe/kg) . #liZ3)
REFE /R BN J5 7 d EATPPAL . Bk & 7K &= (EB
AMBTE I/R BIRIEEST 5 24 h AT I0AE -

1.2.9 MWEIEeITrsr  LLESHE S
Vg R PP R BB A 2 DI RE Bt 0 9% = Jo ] I
TIeeRls ;1 9% = pr B M52 9 = s 2 M pk b sh
A BRI 53 G = IR R RNR shiz 854 9 = =K
RS o= AET,

1.2.10  MfKseE A E AT E
KR Bk &, shP b B¢ B , K KA 43k &)
R (/R M) AUk, R0 sRFRE LR A
HLORIGME 110 C T 24 h LIRS T8, [FMEsk
RiE KRN [(BE - TH)/2HE] x
100%

1.2.11 EBAMBIE  FERRALSERT 2 h, 4
2% EB Ll (2 ml/Kg) 38 i 2 ik e 5 51 K BRUA
Wo 2 h 5, PR ZUR R, 37 °CTF FH R e e i
A 24 h, R, DL 2000 g B0 10 min, AR 13,
I JE DR 632 nm AbAYSEE

1.3 Geif2aorbr  fdi ] SPSS 22. 0 #7481t

ST A B (x +5) 7Rk, Student” s ¢ K5 Al
HRE T 2 AT giit 22 5%, P <0.055%R
RGN

2 &% B

2.1 OGD/R kb¥ij5 BBB 5g#&4: FABP7 &4
FiEMmANE -4tk 5 Control 04, OGD/R
H TEER ([HE & TFE(P < 0.01, )LE 1A) , T] &
I ( Claudin-5 . Occludin ) f) #2355 Control ZH AH Lkt
BETM(P<0.05, WK 1B) , ZRAFKIT¥EX,
720 OGD/R Ab¥IBE IR BBB 195¢ 44, FABP7 FEH
JKFFE OGD/R b3S T8 (P <0.05, WL 1C) , 1M
NPT OGD/R AbHi s B 3% LM (P <0.01, L
KI1D) , 2R A g it X,

2.2 t#ik FABP7 Jk % OGD/R 4h¥fi%} BBB
FEEVE IR 5 Control #H 4H It, OGD/R 21
FABP7 &1 3235 0/0 (P <0.05, TLIE 2A) | iif OGD/
R + rh-FABP7 41y FABP7 & |17k -4 OGD/R 21
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BE FR(P <0.01, WK 2A) , 2R BA ST ¥ &
Yo OGD/R #H TEER {8 % Claudin-5 . Occludin £& 4
FIRHE Control 2H 2 2& T &, i 40 M 8 T- 4% Control
I (P <0.01, W& 2B2D) . 5 OGD/R 4 tH
lt,0GD/R + th-FABP7 ) TEER {6 ) TJ FEH %
IR AR A TR SRR (P < 0. 05, ULIA] 2B-
2D) , =R HAG R L

2.3  3fFik FABPT ¥4 OGD/R 4b 3% 11
MMP2/9 2353451 5 Control 248 11, OGD/R 41
MMP-2 MMP-9 % 1K 2% A (P <0.01, WL
3), ZRA50FE L, i OGD/R + rh-FABP7 41
g MMP2/9 2 7K 48 OGD/R 4 3% TR (P <
0.05, WK 3) , =RAF 7 X,

2.4 FABP7 if 3 ) ] MMP2/9 ¥k % OGD/R
AbFEXT BBB SRR REIR  ST155 & —Fh AT 2
MMP #1515, 5 OGD/R + DMSO ZH#H [t.,0GD/R
+ th-FABP7 4{ MMP2/9 % 4 /K FE &8 20k (P <
0.05, LK 4A) . OGD/R + th-FABP7 + S7155 4
MMP2/9 & 7K F# OGD/R + rh-FABP7 H i 35
(P <0.05, ILE 4A) , 2R A G4 X, 0GD/
R + rh-FABP7 44 TEER {& ¢ Claudin-5 . Occludin &
F132i548 OGD/R + DMSO 41 3% |- V4, i 40 Mo I
T8 OGD/R + DMSO 4 .3 FFE(P <0.05, UL [&
4B4D)., 5 OGD/R + rh-FABP7 41 #H It, OGD/R
+ th-FABP7 + S7155 #H TEER i &% T E 55k i
EFE, M T W TR (P <0.05, UL 4B-
4D) , EFA ST FE L,

2.5 3Rk FABPT Z5ff I/R %S HKBRAME
itie#n BBB SE# P84 5 Sham 4IAH LK, /R
H KA1 Zh FABPT KRR (P <0.05, I
K 5A),1iii I/R + rth-FABP7 4 FABP7 & [1 £k
I/R + DMSO 4 & FF+ (P <0.01, LK 5A) , 2%
SHE G X, 5 Sham HAHL, /R 20K R
WIHEITAr I e B (P <0.01, JLIE 5B) , ifif /R +
th-FABP7 40 KA 2T BEIF 048 /R + DMSO 41
BEW /D (P<0.05, WWE 5B) , 2R A G #E .
I/R 41K BUG & 7K B 8¢ Sham 4 5 2 EF (P <
0.01, W& 5C), 5 /R + DMSO Ak, /R +
rh-FABP7 20 K BRI % 7K 2 b 2 R R (P < 0. 05, ULIA]
50),ZRA45T#E X, VR 41K K BBB i@ iE
%5 Sham 2 i 214 25 (P <0.01, L& 5D) , i 5 /R
+ DMSO 4i#f Ik, /R + rh-FABP7 41k BBB i
BYERE R (P <0.05, 1LE 5D) , 234 4112
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Occludin s &« 59kDa

Claudin-5 s « - 23kDa

foactin e a— 42kDa

Control

OGDIR
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ANAEAR KN RBMEC 4=, * P < 0.05
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B-actin e wm— e 42kDa
e-
& & f,&’“
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A ] th-FABP7 (100 ng/mL) ¥ OGD/R 45 /j BBB %, Western blotting #:ll FABP7 2[4 3%35 ; B ] th-FABP7 (100 ng/mL) Zb ¥ OGD/R
115 BBB #i%1, ENDOHM {X 28 %€ TEER {&;C . HJ rh-FABP7 (100 ng/mL) Zb 3 OGD/R #1155 BBB #: %!, Western blotting 45l Claudin-5 , Occludin
33k ;D : Al th-FABP7 (100 ng/mL) 4b¥E OGD/R $514ji BBB 7 , i A 40 M AR KM 40T, * P <0.05, % * P < 0.01

K2 i3k FABPT X OGD/R Hiffi 4t ifd BBB %M \FABPT 2& 1A FIPH 152
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A J th-FABP7 (100 ng/mL) Bk 4b3ak 5 MMP #5) (S7155,4 nM) JL[E 4L 3 OGD/R #5i4); BBB BL5Y , Western blotting 4 1] MMP-2/9 &
{4 #35;B: A th-FABP7 (100 ng/mL) Yol b ¥ 5% 5 S7155 (4 nM) $:[F kb3 OGD/R $i44 BBB #i%! , ENDOHM {Y %83l 2 TEER {f ; C: ffj th-FABP7
(100 ng/mL) Bph b PR a5 S7155(4 nM) LRI AEEE OGD/R #1415 BBB #% , Western blotting £l Claudin-5 ,Occludin & 1%, D: i th-FABP7
(100 ng/mL) S 4b #5555 S7155(4 nM) L[ AL EE OGD/R $i45 BBB HLAL, Fi =L 40 AR M 40 E T, * P <0.05
E 4 S7155 ghFRAE#E FABP7 % MMP-2/9 F1 BBB 524 1t [ 5% 1
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5 DMSO(30 jug/Kg) 5 th-FABPT (30 ue/ke) | LA RSP F 903 ik VA A BUM 22T AE s € 7 /R K BUBDA BRI T 5 DMSO (30 g/
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303 i

St P 2 v i AL ) G LA R, AR AT A BEL
FENG 2y I, Il 20 % il A9 480 2 L I 368
R AN AR 7 AR ARG 94 I A B i A v
BT R OCH B (HFRE T A B AT 5 R AR A B 4
Pl VR UG i VR B0 2 M 2 R G i %
B AR g A A A R A R BT T A B Y
S = RIEP Y T e e I A e 36T T B
TR, EE R LGYNAST R N N IR YT FUE
PRAFET . P, BE /R B4 AV ZE LR 3 )
JOEXT Tt B O

UR 0595 K 2 Al 72 {0 — A e e 2R
J& BBB D[ fG . BBB & —Fha& 45y,
TSI L DR 52 45 -4 ) R 0 1L 908 22 ] %) 2 5~ o3
TASH L WML A K IS TS B SR AR,
I M52, M oT AR B AR B K A S, B
BBB [y 2e it s JidiE , BBB B A /E /R
(5 BE A B PP FE e TR B RO/ L R 100
00 375 P R ot e 2 A K e S S, 38 it
TEFEAE HE AT . TIs A0 4% Occludin, Claudin-5 Fl
AR 43 F--1 (junction adhesion molecules-1, JAM-
1)3 RS . 2005 R, TT A, £145 Oc-

cludin, Claudin-5 , #F 2 5 T ffe ifi 5 B 5 19 & st
XHAR LR AL A B 58 B, T MG R (&R FF
] S35 BBB ZhRERaid " . ABFFEH, A 14H
RBMEC F1 RA 4fi s 245 5% 1) 77 v 8 57 BBB 4 i fs
B 4 Fl OGD/R 4bHR#E ST 1I/R #1475 BBB 41 Jifd
R 5 7R OGD/R #1441 19 TEER {E A1 TJ & H
Tk TR, AN PR T W B 3 ROk IRAT
FEAT /R K FRASEAY ) & SRR 1 2] K LAY i 2 T RE DT
43 W F /K 4 BBB 3 i P #8458 Sham 41 5 T
LR R VR kA5, K BBB 5838 1452 2
o RATEEMAIETE /R $i45 BBB 41 fu i Al | iR
& /R KBRS FABPT i [ F3R # B IR AL T i,
7% FABP7 6% 5 /R i 5 BBB #1455 ke,
FABP7 J2{I 43 F i 8 11 (£ 15 kDa) , i £ ZF
A FNES B S MK o R AR AR . FABPT i@
IR IR BRI o6, 2 5 55
WG BRI EZ 00 K, FABPT 75 12
T 152 Jo0 400 v 2R 3, WEARVE S 5 2 T 4t 41k
TR (075 22 R T, i B T2 A I R 4R I 22 37
511, FABPT S5 Z #2800 4 5. Senbokuya %
W] FABP7 AT sh & (-4 1E L, vl e 5 B Bt 07 )5
SR 200 e B 9 A T Ariful Tslam 28438
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