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2 M/ e AR R AR
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W E:BH A AARBEE A K (ABMEC) i B 48 i (PC) A= U251 IR 5 20 i (2L T 8 Ak U251) 3F 4 fik 3 3% 35 46 oh
M AL Z B b () B (BTB/BBB) A, Ak 3@ peid KAk — 248, 80 Transwell 45 4% 1k sh 3k 3% /7 M &
BTB/BBB AR .2 4 h X AR B EIBREFAENEFEAE LR RAH AL Claudin-5, Occludin & & Hy 5L Z AR R 3F 2R AR
S AL (HRP) B E XM RS, GR hBMEC 2R : 2 W48 o H N, kA REELERBA
KOEALFAGRAR B EZRRY;PCOB RN AR T hAERKFH; U251 2RV WBmELRER, SHRRAF
FEMAEOBERARBRABERY BN - R D EZ; LA RLEFThBMEC @@ % miE S mE B eER LBHRE, 3 AR
HRP i i # 2 7. % 45 hBMEC % 43. 490% =+ 3. 572% . hBMEC + U251 4 36. 540% 4+ 1. 475% . hBMEC + PC + U251 #
26.46000+2.372%, £ F A %4t F & XL (1=19.330,P<C0.05), #it hBMECHPCH U251 4k 4 fi 3k 33 SR BEAL 0 7 &5 2 M0 & B
e o 463tk 46 hBMEC 4= hBMEC+ U251 & # A4k, £ & % % & ¢ BTB/BBB X A4 42 F= 7 4k, A 4 J& 4k 91 #F 52 BTB/BBB # 2
AE Ao R I AL H] R 2 M T R AR — AR A RS A T R
KRR - o i BRI A R fm B s B m e s U251 i i m il
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Establishment of an blood-brain/tumor barrier modal in vitro by coculturing brain endothelial cells, pericytes and U251 "
Yang Haiyang' .Cai Li®,Long Jiang'® ,He Jihong'
(1. Deptartment o f Neurosurgery ,the First Af filiated Hospital of Kunming Medical University ,
Kunming ,Yunnan 650032 ,China;2. Deptartment o f Neurosurgery ,the First Af filiated Hos pital ,
University of South China , Hengyang, Hunan 421001,China)
Abstract : Objective
sing the human brain endothelial cellsChBMEC) , brain pericytes (PC) and U251 glioma cells(U251). Methods

BBB/BTB was constructed using Transwell inserts(pore size 1. 0 pm) coculture while three cell subculture reaches a certain num-

To establish a stable in vitro model of blood-brain/tumor barrier (BBB/BTB) simulating in vivo state u-

An in vitro model of

ber. Its barrier function was evaluated by the 4-hour leakage test,inverted microscope to observe morphological changes,horseradish
peroxidase permeability test and tight junction protein Claudin-5 and Occludin identification expression observed by immunofluores-
cence technology. Results hBMEC monolayers demonstrated a typical cobblestone -like appearance, Non-contact spindle cocultured
monolayer growth appeared its unique "swirl pool" shape,fusiform morphology;the pericytes displayed irregular shape and overlap-
ping grow; U251 showed typical tumor cell growth. Fluid leakage test were interviewing a certain level difference in three different
ways to build models; immnocytochemical staining showed a continuous and dense tight junction formed between the endothelial
cells but intensity ranging; horseradish peroxidase permeability of three different models showed that pure hBMEC (43. 490 4=
3.572) % ,hBMEC+U251(36. 5404 1. 475) % ,hBMEC+PC+U251(26. 460+ 2. 372) % was significantly lower, the difference was
statistically significant(z=19. 330, P< 0. 01). Conclusion hBMEC + PC+ U251 cocultured the morphology, tructure and barrier
function have more advantages than pure hABMEC and hBMEC—+ U251, have the basic characteristics and function of BTB/BBB, and
they have provided a new tool reseach function, regulation mechanisms and drug screening the BTB/BBB in future.

Key words: blood-brain barrier;endothelial cells; pericytes; U251 glioma cells
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Jik P9 Bz 4 i+ C6 i i 4 i . 78 BTB [ i 58h . i AE 75 45 9]
TR 4l f R 28R 58 3 53 A0 R R TR OR — 3K, AR 2 5 )
HitswmEmEEER. EHN Mo 9], B 48 il (PC) 7E BBB
HITE R S A F Dy e b B AR R PE L fE R R 1 R B i
Fer %t BBB 25 e oA EEAEMS ., BA MR
78, PC A 815 BBB v Py Bz 40 i 4 S5 1 5 DR Ay 35K VR TS i
M7F BBB Y@ &Y . B, {2 A BTB/BBB F 5% i 2 Rt
kMg —F PC 2 511 BTB/BBB R MR, X ift — 25 B 5%
BTB/BBB £ #i g LM A BEEE X

ABF9E S 2% SRk (4 1408 RN i B34 i, 87 P9 B2 240 L (hB-
MEC) .PC # U251 }& fi 8 41 is (U251) 7E Transwell 28% 3% R
G v Al 4 fuh e 15 SR AL 2 R S BTB KA, X 3 68 A % %% 3% 42 7
WE TR AT % JF X H 5 B4l hBMEC £ % #1 hBMEC +
U251 B AT 1) "B 8 4 43 P R o P R AT L A, O TR A
3¢ BTB/BBB 7 — Fugi B ol S BRI T -,
1 #R5FZE
1.1 % hBMEC W L@ kA WA AH R AL PC
5 AR RV R R B R AR BT B, U251 g A g
BB 40 i R . DMEM/F12 K52 50 5 56 H Invitrogen 24 A, fif
AV AN T ARA R HER/EERAGIEA A
FEFHEZ AR A, Transwell #i#8 (1. 12 cm®,1. 0 pm fL
7O B % E Corning A #, M¥t AL wkEM 4 Claudin-5 41
A& H A Occludin B W H 3 B Santa Cruz 24wl ZHi:
TRITC trid il EHT M 1eG W B AL A2 A w) .
1.2 Jik
1.2.1 B3 B %A T A J ) hBMEC, PC il U251
CHE AR A S S A 40 C KT A8 P IR 35 1 i R AT AN
TETC W B AE & PR VR A7 P i 40 43 B B8 A 25 mL 5 3R
R BRI A TS T ) A% 10 %6 iR 2R i L1 %6 ST DMEM/
F12 B 32, A 37 C 5% CO, MANIE R s 5%, 24 h i
W B RAE T AR 4 M A A 0 L B R (R R B R
S 506 T T A0 =
1.2.2 /&% BTB/BBB KAy #9 g AR 4 7E 1 35 5% 19 hB-
MEC 1 PC %y KB Lt 5] # % Jir 75 3% hBMEC F1 PC ¥ 4l Jifs
ot IR EE IR A PC R U251 ] 0. 05 % 1Y JiFe i 1
1o BRI R, B JeH 12 FL Transwell ##8 58] f0 78 6 FLEG 37
MA A PC(2. 0 X 10" A 70 F B I AL 8 1) Transwell 2 i
HER 2 b F B 7E 12 LI 95 LA 4 Al U251 (4341 1. 5 < 10
AN A0 B B SR AR LR 3R 4 b SR8 T WLZE A DA T i 40 L 58
EWEE, 4 516 6 FLIF SR P Y Transwell #1IE 8 A A A
U251 /9 12 FLH . T 0. 0556 B4 fif i T4 b 15 37 1 b A9 hB-
MEC, g.0 M it fE 4 F0 7 PC A U251 195 A [ = o 32 b
2.0X10° 4~ hBMEC FIAE Rz U251 19 #fi K 1 5 £z F 48 7]
2 il %k 19 hBMEC, #4 # hBMECH PC+ U251 = B # F1 hDB-
MECH U251 Z BT, B 35— 21 B0 432 hBMEC, [a] B % —
A AR AE AT 4 M ¥ Transwell 25 [ X BB 20, 82 4g 4%
2L 20 B S5 AT TR 240 i % SR AR v Ak SR R L LUJS IR R RO 7D
BN SR M A KA AR i L B 55 5~7 d.
1.2.3 4 h A 2 BoCuk 0o I3 30 Jr 2 o #2 fi
HEFE S d g X3 R BL AT WA I IR B 7E 3 R AL Y
Transwell 48 (1) & . 2[R K [R] 40 Mo 5% 572 . | % W0
PO 0.5 e i [l B A B 35 R 4R P 4k 2215 5% 4 ho4a bR

FEREF204F7 A% 43455 208

A3 355 AR B AR A A 1Y) 55 1 Transwell 4 A8 & i 7E X LG, S8
S 3 iR TR (4 TR 2 3 A L R

1.2.4  BURE Y R (HRP) K 4 41 BTB/BBB 3@ i3 1
ZBRSCHRLLI0] A J7 1, B 4 h 380 T 3 U ik 56 PR ) A 78 30 £ 7
HRP 3% YRl 25 38 Transwell 388 J5 A (9 40 M 35 52 W, 4R
JETEHERE EE P A& A HRP 500 ng 1938 3% P 59 1 1 5%
W (TCHp 21 DMEM 35 3% 5, Ho A 4y A R 920 pL, 323t Hhoim A
AR TF) 55 R 5 2 280 p L, fo 200 i 476 18 P S8 100 AR - LA B T
S 7= AE I T R 7 R A R B . B[] BT IR A Ak 4R 8 IR 24
ho S 8 75 45 0, AR R = P 4% BRURE 100 L, JBCA 96 L8
FEMR B BT BURE 25 TS R AL A YRR B e v R
H, O, W4 100 pL, % 10 min, I A 100 uL ¥R 1 mol/
L ) H, SO, & 1k 07 FABEAR{XAE 450 nm 4b I 5 W ' BE (AD
{E ;B HRP 10 ng/mL, A JE Il i DMEM K7 3% 3% % H #5 B, 5]
BRI E A EH, SRR A HWRRERL., HA A
H5 HRP I E (O B RIFMEH LR . KETREN A=
0.3811CH+0.0981,R* =0. 996 9, P T H3 4% AN F 5 75 1) A
B ) I o il 28 28 ST & R Al il HRP @ E % . HRP @3
F=(Z W HRP ¥ B X Z 3 B F2 MU BD / (b i HRP ¥ B X
Aot B FR AR AD X 1002,

1.2.5 FIAGRBETOCHARE E BHERED B ENEL
WG, HFARTI ¥ Transwell 5¢ % U1, JH B B2 #h 2% vh )
(PBS)¥5 ¥k 3 W, 4% 1y £ B H | [ %2 15 min, PBS i ¥k 3 3,
WA 1% A pH=7. 2 iy PBS [ & /N4 1l 15 3 4] 20 min, PBS
THVE 3 U I AR I AT — P (R EH A 15 500.4 CTF 7.
XF L PBS B — i, HAR S MM 3k B ] PBS ¥ —41
VRS E U T E Y A B (W 1+ 50 ), 253 T e
JEEE 40~60 min 5, JT PBS $ ZHi 158 UE 4, 48 5 K 4 fifd
T 56 WA T A DU A T AE A R BB b )RR E AL .

1.3 geitspab ™ I SPSS18. 0 B fF k47 Ge it 4 i . it 4
OB DL T s Fom AL ] LR HTA ST REAS ¢ A 56, P<<0. 05
ZRAGI¥E L.
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2.1 BFQMOLFE T AERKIEN hBMEC {fAME5E LT 2
HH S Al R L 2 LR ) hBMEEC AME s 5 37 B9 PC 2R
HANE . ES A KA RAG PC A KBRS K371 U251
AR LA 1,

2.2 WA RK LE AR 3 R RS & B 0k B R
AT A 240 B0 B 25 1 % BRZLAR LG L 399G PR B T — 5 MV TR 25 L R 4
o240 B 1 23 %) FR LR RE 2 R W T 22 . 3 PO R ASE AU A4 L A
R 72 4 7 B0 K Y8 hBMEC + PC + U251 > hBMEC +
U251>hBMEC, 3 B hBMEC+PC+ U251 {3 Ifi 2% JL T 15 £
#] 0.5 cm,

2.3 S BTBAEARIMIE %%  hBMEC 5+ 1 e £ 8k
i Transwell {8 I, ML 5 7 G R B2 M REA K5 d
Lo AT SEATE LR A RS S H BB A 1“3 iR 7R hBMEC A: &
TEA BRI 200 Al v A5 R AR KRR A &
HLB PN R 41 i A K (9 45 AE s hBMEC+ U251 #1 hBMEC+ PC+
U251 JE B2l LB F5 088 T 8 A0, T iR B 1 i 82 (| 2) . %
YEDEERE M hBMEC [l 4 & 19 Claudin-5 #1442 4 Occludin,
YA T hBMEC il %k . 1A [ A b hBMEC | M & 4R
B Claudin-5 FIWE A8 1 Occludin kR FEH 25, WK 3.
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A:hBMEC;B:PC;C: U251,
B 3HMAMERKEFERKBR(X100)

A g 5% hBMEC £ Transwell i F24E K ; B: hBMECH U251 R | /E KBS ; C. hBMEC+PC+ U251 ##1 /B K AFL .
B2 3HEREARETHAREREGRT(X<100)

A gl hBMEC #8 |- Claudin-5( X 200) ; B: #4i hBMEC # % |- Occludin( X 200) ; C: hBMEC+ U251 # A |- Claudin-5( X 200) ; D: hBMEC
+ U251 # A8 | Occludin( X 200) ; E: hBMEC+ U251 £ | Claudin-5( X 100) ; F: hBMEC+ U251 & |- Occludin( X 100) .,
B 3 3 FhiE R b hBMEC E®E % 3E# M Claudin-5.,0Occludin RiEER
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2.4 (k5 BTBBEALHE B EME SR 3 A AL X HRP @ %
PR /N K B g hBMEC43. 490 % £ 3. 572% JhBMEC+ U251 %
36.540% =+ 1. 475% . hBMEC + PC + U251 3 26. 460% =+
2.372% , 8 4l hBMEC > hBMEC + U251 > hBMEC + PC +
U251, BRI HRP 5@ i fi: i #2245 hBMEC ., hBMEC + U251,
hBMEC+PC+ U251 fR K58 (F 4, £ FAH G il L (P<
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B4 3MHAREFEME BTB/BBB #Ax HRP
BEMR LR

3 it it

&4 BBB/BTB 8 5% v o 55 5 20 /9 240 M S 9 B 2
P2 AN B P SR VR A A I o LA N o K P R AN =
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e A 5 el 8 — S N HEAT A o L % SR AL AR A
RTERIFELRAE B B AP 9 T & M, 76 A 2B 53 i A ik ity
1) 3 — 25 et

%t BBB/BTB #f 58 1k i, I 3¢ hBMEC J& BBB/BTB ) £
BN R A A TR T A AR S5 50 B 5 % hBMEEC 48 i T &F 1Y) 25k
1 hBMEC 4 Jl 1) 57 & 4 IR X AR B2 — 2 158 I . A BF 5%
i Sk ] hBMEC 40 i 2255 4 AU 3240 i O 78 T 40 R
AT, 20 B ] 22 AR AR AT H R A 5 Bt AT A i AR B
A0 SR % ML v A A D 2 I S AR A L 2 TR ARR AT 5
Hh AR A, 3 R A 24 O Al B 3R R hBMEC 15 Bl
Al F Transwell 38 |58, PC $#: P 5 Transwell 4 #t B j2
95 /9 Transwell 237 Wi 1, 17 U251 M #ERI7E 12 FLES SR I
JEES . AR 3 Rl A H Y A TR — SRR R G H L E 3 Fhan i
V) EL AN 4 e, S50 2T 4 R 2 T L kR AR P e Sk A Y
B 38 35 PR T RE S5 Mt S — R I EE

VT T a3t B VR T 22, 15 W] BBB/BTB 5t 5 2 G w2
B . ABFFRPRE T — A K 5T 4 M & R 3
P BUSOR TR IR IR IR IR, SR 5 d . S AR
B B — % W 25, {fH HF hBMECHPC+ U251 4k 47 1Y W
#0122 FOAT) 0 5 B 1 BT 2 IR T 2 A AR 4 — B BRI HE AR T
20 0 e A0 555 3% s IR) A [R] A9 55 0 R hBMEC+ PC+ U251 45 4
4H It hBMEC+ U251 #1844l hBMEC JE i, BBB/BTB %5 4 3 fig
FA) B U S T LB R T B AT . A4y TR T I hBMEC i) B %5
1% & BBB/BTB R 454 2Rl BT LI hBMEC % %% 3% 52 2 9 5%
BBB/BTB £5# 72tk i 2% 0. Ml G 8 [ Claudin-5 R 45 4 1
Occludin & hBMEC % %5 % 3 % %2 9 B 15 8 1, %I hBMEC %
WA EA AT B E RN . A g R
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P T A T & AR hBMEC (9 £ B % EEE A
Claudin-5 H1 Occludin, 7F 9% ¢ 52 % o & 81, hBMEC 1 11 % 8]
TE B 508 T T2 5 114 52 T e, R W R B R AR AT 1) 2% 5 R 1Y
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BT 4 B4 7 BBB/BTB 54 g, b T s k4
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Iy, HAh oS H A2 5 BBB/BTB 3 g #l
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