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T AN aH A XA RS P R e R
B OHE & - DR

SRAFELHELHBGENLRE (6 WTHERRD)
2 B B

MR EHC IS, AR X DBIE, BIOBBELOLEREAEETS. PO, NEMME MR 0%
4BSFT (blood-brain barrier, BBB) THIbh 2 % RFELRT. #£3%, BBB OHBK &Ml it, TRk R cEMme =m
FROEATHEETS7A L3S b TWA L DERFEIAREBERTETCV SN, RETTEESABIEE 5 T lgls, Z
DEROEME, MEWEMR~DT A e+ DIERAZREIET 5 D OB RGP £ 5V (in vitro model) 23K 80 LT
Wit THD. FHETEEL, 7o MVREMI VEREB LA IHTA ey s F LERBOENERETHS e B
IRAEMIRE R B RFERRELMY L. Tibh, EEMN 30um OARETAEOREET A b ey b, S5IME
KHAFMRY BERAFEREL, B4 ONOEANMRSEEMELIEELLTT A av A P ONEHBRVEERIEY RRY
WTEERTL LS LTHRRRTHS. 7AMeda PEEE, BARCRERELXHEXY, Z0RBREEXN LT, HEM
REEMT5 2 LA ETEME CHRIhi, £, BRRAEMBEMT A F ey b L3FEET 5L, RENTNGD
BAEMRERBED—DTHIH VeIV E IV FVARTF X —+ (gamma-glutamyltranspeptidase, r-GTP) FEMEAS,
TANRFA P EOBEMBRI O RREYBE S 5AOEERKELTEAL TV A LR RV L, ¥/, 20
r-GTP OFHL, AFMBEEZ 7 At oA FEMLHL TSR LIEAR 7 4 — £ — B COST M AE LBa It
Robhghoste. TAFr3A P bLRE LRI ES (extracellular matrix, ECM) 12l r-GTP S 0c B
Lic. 7R e%A MC L% r-GTP EM OB RKIZMEBRESY 2~ FT2 mRNA VA D RIZ X5 2 &\ s — R Y
A Z — HHEEERIG (reverse transcription-PCR, RT-PCR) (s T LAMC & hts. ¥z, 7R b ro4 b & EERMEER Lo NEME
T, FFVYRAR7 =V vt F X — (transferrin receptor), P & [ (P-glycoprotein, P-gp), [ B a—2 b5 v A F—
# —(glucose transporter-1, GLUT-1) &\ 72 M NEMBEHEEE TFHORHLZILIHEAL TV, &b, 7A L av o
b EOERIE X ) RNERRBCERICKEAEE (junctional device) 2V I 4L, MIBEND I » 2 v ¥ U 7 (mitochondria) D ¥
PEINT A LD RFEMBCRES L, SLIIKEF » v A2 AVRWEBET » 21T, REMBRRT ALy A L
LOEMBEIC L DA XY v (inulin) 3B BEEERE (barrier activity) 2 #8652 LBRVH S h, Z OB ITEER
BEDREIR T, Led-T, APIRICL D, 72 FavA M MBE OB A AN L TIEME e M EMiaz M~ &
FET D b 7 A{LHE (trans-differentiation) % F L, MEMEM % & 4MME RN KMRERVEDOHY, M- Tu
HTENELMT IR,

Key words astrocyte, endothelial cell, co-culture, blood-brain barrier, trans-differentiation

MBI MBI HERE R L O OS2 E L, BB BRI T VARTF F —+ (gamma-glutamyltranspeptida-
CHERIC & 08« feteME 2R . S BN PI R RE V3 se, 7-GTPPO W 7 L 5 ) 7 4 A7 » & — & (alkaline
MBI (blood-brain barrier, BBB) THIb M A RMEY & phosphatase, ALP)"™? ir K AR DOBEY S B SA T 5 .
L, BREBRETHBHMOERY (homeostasis) HEFTEE 0 & 4) B PN AR R 88T D B O 8 s 13 BRI B
HERBALCTWBEELBRAY, NN SHEMRBEER (passive diffusion) & b % BEBHGRS (active transport) 12 & 5 %
BEELCRUTOLOREFbRS. 1) NOEHEERZ DWPKEGT, MICBT 5 BADREFRCITE « EH OMiSE
AW S L7 2K (basement membrane) ¥ B L TR D, {& (transporter) BEZELTWAYY 5)Y Mg D 3 t a2 v T
HRIB (fenestration) AR SR\ . ¥, REMBEREK U 7 Ea s O MER KRR ERTH 3~ 584, Zh
VXBISHH (tight junction) HEZET 5. 2) WHEEICHER KIS R AR BT B ATP Bkl L RBEM OB X &R
THHKIAZNE (pinocytotic vesicle) IXTEEIREETIZ &% LTwa", ZhbDRNOENEMRERBEILFREERO
s, BEREOBBMLHEL T2, 3) #v~s R S THEBSh, HARCIITOCEBELTWAE VD

YR THEI2A 158 %A, FH 82 A 8 HEH

Abbreviations : ALP, alkaline phosphatase ; BBB, blood-brain barrier ; bp, base pair (s); BSA, bovine serum
albumin ; DMEM, Dulbecco’s modified Eagle medium; ECGS, endothelial cell growth supplement; ECM,
extracellular matrix; FBS, fetal bovine serum; y-GTP, gamma-glutamyltranspeptidase ; GFAP, glial fibrillary
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NTHBED,

NEMME T, NEAE (endothelial cell), 7A + w41 ¢
(astrocyte), JEEMARA (pericyte), = = — = ¥ (neuron), FEEME
RBHMRENDY. i Th, TA YA MIERE (foot
processes) ¥ MR L - THIEL, Z OBRERMIMA
RCER - TEMMERBALZES & & DCARMROEER &
BEWAETS. 20X WBHENHEANRLT A b e A
FEbhH &Rty rrad LOREERTIR Lo Mm% P EH
MESEREBEABEIR TV EDO TR W L RERENS A TE
goosmenmang - m Uieh s, TOHARBEINRATA Y
4 T OBREEBITETEHDDOEULRBRER £ F /L (in vitro
model) 23ig\ T Ed b, RIZFER L HRDICE 5 TUrighs,

APFETIZ, 7A A OMEREMR~OERY EE
BRENTETTAZLXEMELT, v MEERKL v R
BRLLIBMTA ey FEEMBENEARCHE e MBS
IRABMRR DI R LI L, A1 B MIE A A
MERVEYFEL S 20 E 5% r-GTPWTY, + 5 v
7 =V v V4 7 & — (transferrin receptor)?, P ¥ E O
(P-glycoprotein, P-gp)®, &y ra—2 b5 vAHR— % —
(glucose transporter-1, GLUT-1)*® k \~ 5 7= BBB BIE®#ET
PHEFHMR A UBBEST, EhIits XY YT B
REEEEM Y IEEY TR L. ZO®R, 7AMeHA MNEA
Bl oEME N LTIhb3XTD BBB #iEXHEL >
HTERRGH SR

HHEELVFE
[.#8 i)
1. MR KM
mEAEMRE e MEERIRE DBEROFEIC X R L

720, MRR15% 48 R ImiE (fetal bovine serum, FBS) (Cell
Culture Laboratories, Cleveland, USA), 100U/ml _=> 1 v

A

(FOXEMiZE, KER), 100pg/ml A b V7 b =1 v (FYHSK),
Toug/ ml P9 B2 #M Fo 8 7 A % b0 4 (endothelial cell growth
supplement, ECGS) (Collaborative Research, Bedford, USA),
25pg/ml ~-% ) v (sigma, St.Louis, USA) %41 RPMI 1640
4 (Gibco, Gland Island, USA) & 199%2 88 (medium 199
containing Hank’s salt, medium 199) (Gibco) #* S &R & Uik
H THERE L, EBRICIZ 8 ~14RK B oMl % v, 95% L)
LMY T v F MULERE Y KEH (low density lipoprote-
in, LDL) D AZBEFXHE L, MEAEMBREAEILE (K
1-A, B).

2. TAbFmrYA L

Bat16~18H B @ Sprague-Dawley 525 » F FRIEIM & b BEuk
DHELTT AL ev4 P 2PRERE LT, BEHEL LMk
12209 FBS, 100U/ml ~= 2V v, 100ug/ml A b L7 k=
v vEkEiro~ s F-10 B# (Ham's F-10 medium) (HAKSZISE,
R T2 BfilgERER Lictk, 16%FBS, 100U/ml<==>Y
v, 100pg/mt A F V7 F A v RS A F-10 HHNC 38
LTH 1 BREHMER: L, EBRICHV e, 5% LA EoMIBs, 7Y
7 (Y B (glial fibrillary acidic protein, GFAP) ¢,
A2BS BHTHAZENL I BT A b ey FERAEZAR
(& 1-C).

3. COS-7 #ha

7793 FYFLOBEERERMRETH B COST
% 10%FBS, 100U/ml =Y v, 100ug/ml A LT }=
A v v EEHEALNy aWHE A — 7 1 H (Dulbecco’s
modified Eagle medium, DMEM) (A ZKS{3R) w2 CHERF L7o. 4
Rk LB LA RS T b5 S hic.

I. HEEaERoER

IMREEES » FRRIEMT A b ey A b &k N BEIRAEER
A, M2 RT2HEOHFEERLFER L. Tb
B, —DODFRTIZK 2-A o<, FLED 3.0um DLiH A

C

Fig. 1. Human umbilical vein endothelial cells and rat fetal cerebral astrocytes in culture. (A) Phase contrast micrograph of
human umbilical vein endothelial cells. (B) Staining of endothelial cells in the same field with acetylated LDL labelled with 1,
I'-dioctadecyl-3, 3, 3, 3-tetramethylindocarbocyanine perchlorate. (C) Staining of rat fetal cerebral astrocytes with a
monoclonal antibody against glial fibrillary acidic protein. Bars, 50 um.

acidic protein; GLUT-1, glucose transporter-1; HBSS, Hank’s balanced salt solution; LDL, low density
lipoprotein; PBS, phosphate-buffered saline; P-gp, P-glycoprotein; RT-PCR, reverse transcription-PCR;
SSPE, saline sodium phosphate ethylenediamine tetraacetic acid
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Contact through Feet

Human umbilical vein
endothelial cells

Fetal rat cerebral astrocytes

A

C

F ¥ =4 v4— 1 (cell culture insert, Falcon, 3091) (Becton
Dickinson, Lincoln Park, USA) DV =L vF L7 b L—}
BORFOECT A b rvA b AXI0C B THEEI LR
%, v FEBIRALERY JIEC 2x10° BE THEREY
fiote. ZORTIL, 7A P YA FORZRE 3.0um D%
BELTHEMRE EECEME b2 LIRS, &
B, BReie o WREO B E FEREIC X ABET
HREA (K 2-C). 35—2o0% Tk 2x10@D N L IRE
ABEM 045um DN HNF 5 —A v — + (Falcon, 3090)
(Becton Dickinson) DLW, 7A Fr¥A M BRDTLF
VA A NF »—F L— b (multiwell cell culture plate,
Falcon, 3502) (Becton Dickinson) Lz =A% b 8X10° [
T, MEOBEMAIEE LA T CAEERET -1 (B
ZB). ¥, TA rHA MERF A IAF S, —F V- E

without Contact

Human umbilical vein
endothelial cells 7

(Pore size : 0.45,m)

Fetal rat cerebral astrocytes

B

Fig.2. Schematic diagrams illustrating the “Contact
through Feet” (A) and the “without Contact” (B) EC-astr-
ocyte co-culture systems. (C) Transmission electronmicro-
graph demonstrating an astrocyte endfoot making contact
with EC through a 3.0-um pore of the polyethylene
terephthalate membrane. In the “Contact with Feet”
system, similar observations were obtained with most
sections that traversed the pores. A, astrocyte; EC,
endothelial cell; M, membrane. Bar, 3 ym.

FOERYV=F VYT L7 b V- ERD LR UDHEY-D-Y 2
v (poly-D-lysine bromide, 4 F & 30,000~70,000) (Sigma)
10pg/ml 245 Lo & DICUMRIERER T, =2 —-F 4
VI LA DRMAGEY. COS-T a7 + — % —Bix7A b r
HA M EFERICIRE L. WThORTH, HFEERRIICIT
b M EBHIRPI AR RS A R L, B BT8R
Toiz.

. r-GTP EEFRFHEAE

HFEREAKMIE0.25% + Vv 7> v (GIBCO) TEML
LI, DO LDKELTR VT~ 7 A (Hank's
balanced salt solution, HBSS) (H/KBLZ) T 3EEFEEL, &
FrET—80CIKEE L. r-GTP BEFZEEM L Casper HDFk
WL - TRIELRE®. T, 74 % ivp=taT7=)F
(glutamyl-p-nitroanilide) ##H & LT K 410nm kit 5%
YEEED HER p-= P 2 7 = U v (p-nitroaniline) &% kK&, 37C
T1HHEYED Inmol @ p-=br7=2) vEERTAHEEY |
BAL L Lic. MBS EOESBER Bradford it
WO R FF5, KT TFAL YT w4 F o b (Bio-Rad protein
assay) (Bio-Rad, Richmond, USA) # A\ T, 595nm DRI
BTARXEMNSEELE., ZOB, SMETLVT I v
(bovine serum albmin, BSA) ##E#e & L 7=,

V. HEAEE, SLUTRAHEHRORASR

Schor 5DOFEIZ L ¥, 72 b my 4 koM EE
(extracellular matrix, ECM) #FAE L7z, #IUEES » PIRIE
7 A EHA b 2HEMLDR)F 4 -V oV CTa—tL
727 5 A= (Falcon, 3110) (Becton Dickinson) Tz v 74 =
vhNET B E THEERE, 1I0mM V) vERBRE B AEK
(phosphate-buffered saline, PBS) (pHT7.4) &= T #E# L, 0.02N K
L7 vE=v 4 (FGHZE) it CTERTHISHO A v
F oV g VETok, BEEFLIEEL R 2y 7
VIR THRE LS, PBSKC2EEEL, 757 AKILERE
Li-Ex 7 A ey A blk ECM & LTHW. Fie, %
e LTRWRE COS-T O ECM HFEBIHEH L. 2hbD
ECM L HEMIEREE, av e v b b s % CTHER,
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7-GTP BERERELRELL. Th, AEMEE~ Y ¥
400ug/ml (Matrigel, Collaborative Research), V#la 35 — 4 v
100ug/ml (Collagen type IV, Collaborative Research), 7 7 1 7
g % 7 5 v 10pg/ml (Human Plasma Fibronectin, Upstate
Biotechnology Incorporated, Lake Placid, USA), £V -D-V v
10ug/ml (Sigma) TEXhEh=a— Lic7 T A2 T4 BRHER
%, r-GTP BERIEELWEL 2.

WEEH L EL D, T3 v 7=y ORBEHDT A
P ey b PBSICTEHE L, 16% D FBS #&irffin
RPMI 1640/M199 BA A TASRMIESEHE, Sk ER L,
1,600rpm, 54 EOBEOEHEY —20CIKAHREF L. FHE
FICfBE L, 15% D FBS ®& et RPMI 1640/M199 B &
Bl 1l 1Tt L5KESL, AR 022um ©O7 4 V¥ —
(MILLEX-GV) (Millipore, Bedford, USA) # T A&EL, Z
hE27AbeH A+ HEFEER (astrocyte conditioned
medium) & L7z,

V. K1 (A)'RNA D438

HEERVR L AEMARE0.25% Y 7> iz THEL,
k% L7 PBS KT 3[@EEH Lic. PBS 2RI D R\ 788
DR ERIED B Quick Prep mRNA ¥8l3 » + (Pharmacia,
Uppsala, Sweden) VTR Y (A)'RNA 458 L70%,

VI. DNA Ofkza

REFERL BBB =—H—TH% r-GTP, trSv/AT7 ) vV
7 %—, P-gp, GLUT-1 # =2 — F+5% mRNA RN
SA~—, Fr—=FLLTUTOAXY) IFFFYIURR 7 LA
FRRRHL, 7+RA7 27 44 FEIR LD DNA &5%E
&5 392 (Applied Biosystems, CA, USA) % H\T{L¥ &K
Lz, B LAY =~ — 0wz OPC # 5 & (Applied
Biosystems) % FI\ 7z, 7°§ 14 < —DEFX r-GTP mRNA E
K54 ~=— (AT, U) 8 (5-ATCGCGTCCACCTCATCG-
3) (cDNA $E#EE 493-511), 7-GTP mRNA TH 73 1 = —
(LAF, D) (5-CCCAAAGTCCTCTTCCTCA-3’) (651-669)%,
FSVATZ7 2V vk FE—- mRNA-U (5-GTGACCCTTAC-
ACACCTGGA-3) (1180-1199), + v A7 =) v &7 & —
mRNA-D (8-TCCCTCTAGCCATTCAGTGG-3") (1651-1670)*,
P-gp mRNA-U (5-CCCATCATTGCAATAGCAGG-3") (3020-
3039), P-gp mRNA-D (5-GTTCAAACTTCTGCTCCTGA-3")
(3157-3176)", GLUT-1 mRNA-U (5-TCTGGCATCAACGCT-
GTCTT-3) (1032-1051), GLUT-1 mRNA-D (5-AGCA-
CATGCCCACAATGAAA-3) (1424-1443®, W& 7w — 7
(internal probe) D ELFIiL v-GTP W& F = — 7 (LT, D) 28
(5-TACTGATTGCTCCAGGCAGA-3) (622-641), + 5 v =
7=V vl 7x—1(5-TGTGAAGCTCACTGTGAGCA-3’)
(1379-1398), Pgpl (5-GGCGCTGGGAAGATCGCTAC-3)
(3098-3117), GLUT-1 I (5-TTCTTTGAAGTGGGTCCTGG-3)
(1311-1330) &8k L7z, © b B-7 2 v (B-actin) mRNA &5
T5 754 < — (actin-U, actin-D), 7 = — 7 (actin-]) DEFUIZ
SRR 39) IfE ST,

Vi. EBMPES -HRKY AS—FEMKIE (reverse

transcription-PCR, RT-PCR) &ISIEEMO 47
0y b

Gene Amp RNA PCR Kit (Perkin-Elmer Cetus, Norwalk,
USA) &8\, ¥4 (A)RNA %8 L L THEFRRC
T cDNA 28R L, 2\ T mRNA KBRS 51 ~—%

FA\T Taq DNA RV 2 3 — 12T cDNA BrA % 588 L 729,
RIS DNA == L4 A 7 5 — (Perkin-Elmer Cetus) % {#
Fl7. PCR RISEY® 2% 7 #Fr—A X M TBREEL,
FARYT 4 E— (N4 RV F N*, Amersham, Buckingha-
mshire, UK) W#sE#, UV X } 5 % Y v —2400 (Stratage-
ne, La Jolla, USA) ¥ B\ T 7 4 V& — TR 254nm DM
#1203 V22 ~BEL DNA ¥BE LK. 20T, 744
2 —%50% A< Y v, SXEBE-VVBY -FzFLveT
I VPO EFER ¥ (saline sodium phosphate ethylenediamine
tetraacetic acid, SSPE), 5 XF v~/ rH (0.1%HR) ¥ =~
e Y FY, 0L1%Y Y773V, 0.1%7 4 3 =),
1%SDS, 500ug/ml Z5¥: -+ 7 ¥ F DNA (Sigma) % & 72 2 B¥rh
TH50C, ABMI VA 70 &4 XX icth, 50% kL=
v, 5X8SPE, 5 XF v b, 1%SDS, 500ug/ml 25+ 4
T DNA, ®P E#4 ) 2R 2 LA+ F7 e —7 10pmol 225
T DEWHFTH0C, 16T 7 F1 X &Rk, e —7E
#izix, DNAS RimfEE+ v + (BWEE, &) & r-*P1 75
/v v=1 v (NEN Reseach Product, Wilmington, USA) %
FRAL. N 7VELE—v 5 v, 74 E—% 2XSSC,
0.1% SDS i TERT204 M, 1HE, 2T 05XxSSC, 0.1%
SDS I TEIRT204 M, 1 EEEEL, —80CTAH— 547
F7 4 —%fTof. EDWALF A 2 =T 554+ — FUJIX
BASI000 (B, ##) TP BENEME 2 RIE L.

VI. & A K #E B R B (transendothelial permeability

assay)

Grass L DHELRW?, WEMRE A LIBRT & 24
(permeability asasy) #fT -7z, THICERE ST, 7A vy
b - RNEMIfR OB ERTIZ, LB 30um DAF y Ty =
(Snapwell, 9350) (Costar, Pleasanton, USA) [REEWZ7 A + v
VAP RBERLLCE, ALEORECAEMRLEE,
15%FBS % &ty RPMI1640/Medium199 B #11= T 4 H SR
FLiC. FEMERER CREZECAEMBEEYE ATy
T, BEBUDTAPEHA P ERBLTEW S V-
PR UTHRERRE L, AEEEE, B ARaRATE
LTWBZEXHRL, AF v V=L LT R Y vh—
{273 (Krebs-Ringer’s biocarbonate buffer, pH7.4) TV v &
B, BAKERCLOITCEFHL BB XL HTEA
F o VA= AT A (Costar) WEFH L. BEEREDEL, d
B UHTCIBDTH 2 VT A - ) v~ BER Y
fF L UREFAOFMDF + v A= 8ml 2% 28, 95%
0, 5% CO, TAS Y vy X TRAWYEBHRZ 2. 20uCi/ml
DOEET PH] £ X Y v (260mCi/g, NEN Research Product)
%, 10uCi/ml DEET [Cl 7 % 7/ — i (1.01mCi/mmol, NEN
Research Product) # #:#8 fl D + +» v XA — & fn %, 30458
ZAEME D 1ml, 600HEAAF + v 5~ L b Iml T2
L, B4&BE% I0ml v vFr—vavhrrz s ER
B, H/MC REHEREENELT, AR v BBMEEEHL
7.

V-dC

P
A-Co-dt

(dC/dt, 1®REIKAF v 7 v = L% EET 5 RI {E dpm/
ml/sec); VZBEMDF » V- DEE (ml); A, AFy»TV=
LOBEH (cm?); Co, HEMOF + v A—DBWO Rl BE
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(dpm/ml). )

RY 7 —FERE PHL A %) vz o wT o P ofix [“Cl 7 £
S Mo TD P DETHR LA b DR EMBREROBE
#100& LA-METRE L.

X. BEFEMSICIIBE

HFREEE, A INF y—A VHF—PDRYZF VTV
oxL— Y PBS wTEEL, 1XDIINBINEN
FAFe FTLEME, BEEL, v EFRCTHERLL. &
bz, 2%MmE{LA A v sk |ERIGE IR, 7Ha—
ARFB LT B E VYA FITTHA L., 20K, =
AVEIECREL, lum OO 2R L. rr1 oV T
A=Y ORI BE L UBMBM 2 BER, BOWH A
LEEGIA AR L. BEYALYS= -V EHBRET2E
we L, H-600 B FEEME (BBUERT, B W TEHEL
7z,

53 ]

[. 7R OYA +—REHREFEERORI

Grobstein B D$RIE L FHEAER (inducing tissue) & HEHA
# (competent responding tissue) [ @ 3T £ 8 #1480 B {5 B
(“proximate tissue interactions”) DRI KSR, FHZ
PRIEES o PRIEKT A b e b Ee P ERIRARARE

600

500

400

300

200

Enzyme activity (%)

100

Auic 2BOREEERYETILL. ThHoBEAREK
2-A BLUB IR L. EatFERTR (“Contact through
Feet” model) T, BR 3.0um OHEYETH LI NVF v —
AvF—rDAVTFVORFOTCHEREY, 55
KHOERTA ey A bEEELL (R 2-A). ZOET»
1%, Grobstein H DA EM £ — F (“cell-to-cell contact”
mode) KESNTED, 7A w4 b DRREA 3.0um OH
PRBBLTAEMREEZEOEMEZF O LNTE, MEDOM
OB L AMBYRAZ LS. b LIDEFALTHK
Mz e A B OELPFEI AT, ZOFECITA LR
4 b OMIREES L IMIRASECEE LIS
FFANEE L TWATESEVB. ETEESC I 2HE
T, EMEFEERTRERT A b edf P RRBEENLT
MEMIE BEMLTVAZ EAER I (R 20). b5—F
D= F T IEEMIEFEZE S (“"without Contact” model) & L
T, 045um OAEHFTAEAL AL F s —A VH -+ DA VT
5 v FrREMAY, 5L ANF+—TF L —FERT A
FEHA b REE L (H 2-B). 20 F ik Grobstein 5D
MR F DL ECE — ¥ (“diffusion of soluble signals” mode) iz
ESWTED, MABRERNOHBENEREL BT T2 Eh
5, TANrH4 FHEROBUERTFOBEBOLYHZD Z LKL
. ¥t, TOTARALrHA FHEDOY I FARERD

500 p

400 &

300 &

Removal of
astrocytes

200 [

Enzyme activity (%)

Removal of
astrocytes

100

Start of co-culture

EC + AG EC +/- AG

0 A a " L :
0 2 6 8 10

4
Days

Fig.3. Induction of »-GTP in EC by contacting astrocytes. (A) r-GTP activity in EC co-cultured with astrocytes. Four days
after co-culture in the “without Contact” or the “Contact through Feet” systems, EC were assayed for r-GTP activity as
described under Materials and Methods. The values are expressed as X £SD (n=4~5) and related to the value for EC
cultured alone. [, co-culture with astrocytes; [], co-culture with COS-7 cells; High-pore density, co-culture using a cell
culture insert which has 2.5-fold higher density of 3.0-um pores. *and NS, p<0.01 and not significant, respectively, analyzed by
Student’s t test. Three separate experiments gave similar results. (B) Time course of astrocyte induction of EC r-GTP. EC-
were harvested at the indicated time point and assayed for r-GTP activity. The astrocyte feeder layer was removed on day 4
with a cell scraper. The values are expressed as X &SD (n=3) and related to the value without co-culture on each day. *,
p<0.01, analyzed by Student’s t test. —(O—, EC alone; —H@—, Contact through Feet; —[-]—, Contact through Feet (removal

of astrocytes on day 4); —@—, without Contact; —Q—, without Contact (removal of astrocytes on day 4). AG, astroglia=
astrocytes.
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(instructive) 232 BB (permissive) 2w BT B 7oL, =V
Fe—AffgE LT COS-T fllas v,
I. 7RO A b EOEMERIC LN r-GTP ©
G2

P, TRLD2DODEFAT, TA L rH A b LILFRER
LIcHEMRRD r-GTP @SxRlE L. fBELTT A bR
Y4+ DIFETCHMEER LcPEMige: COS-T Ml &3t
BRI cHEERY B\, r-GTP 124#EM 7 BBB v — 3% —
D—DT, T OMMEREMIC ST 5EBWEREIE LT,
1) 73 7 BEBRE L HELT r-2 2 I VEEBRIE
(transpeptidation) ZAET 52 &, 2) MEHBEMLY LA X
B 3tz Ch(leukotriene C4) Z NEXITH B A
a b= v DA (leukotriene D4) 12258 L€ B/ B> HE T
BT EMRABERTWS.

R 3-A Rk dic, AEMRD r-GTP iEH L Eastrss
ERTCEBC LA L, FEMAFERER T LA E(LIZA
dhhighote, TA YA & 4 BTSSR L N
MO r-GTP FEHZEHER LM LB 3 ERE L,
EHK 3.0um DHDOEEZ2.ERBEMX LS (BHEALEM
SRR %, “High pore density” model) & 5ZwcE TLE
Lic (K 3-A). ¥/, COS-THIla%EZT7T A rryA FORREL
TRAVWERTR, WThoXFEERTLERNL GTP &k
D ERIIBDInh -7 (K 3-A).

SEW, TAFeYA P EHEFRELAEBRCET S
7-GTP {E¥:DEREE L2 7 (K 3-B). EMtTERRCE
WTIZS IS ERAE 1 BB XV BEEREEO LREZRD, 0

%k NS
A | 1

N
(=4
o

T

Enzyme activity (%)
)
(=]

fEX5~6 BB CREBICEREFEI8, v —2rIcE L.
LIAN, RFEREERELIBRCT A ey A P REERH
bERL &, PEME r-GTP EHIRECTHETS Z L08R
Hahic, —7F, FEMEFERBRCL, 7R MrdA ER
FATH CHEMIRR r-GTP Bl EERELIIRL, AEAKk
PEHTERLICBEORBELLBLALEbLLRED 5,
TAFRrYA b EOEMBERECTREINCHEMI r-GTP
HMEDFEM, Grobstein OWHHBAEBEC I HFHEE - ¢
(“induction by extracellular matrix” mode) W X %5 & 5 mp 5
Noicdh, 7A R34 FABLIEE L ECM L THEMRS
4 BREEEE r-GTP BEARHIE L. TOHE, K 4-A TFR
FTE5w, TA ey A bER ECM BREME r-GTP ik
FRSORWAZ I, ¥z, 7TA v A b ECM B0
r-GTP BEHIEERALTTHY, 72 b ad 1 + OFSE
MU A EAINE r-CTP BMIZI3 & A KRB Y RIF X Teh o1,
COS-7 #iladisk ECM i3 B & r-GTP FEMHEZTEDHh
3, 7Army A+ ECM ORBERES E LTEHEh TV 59
% 3 = ¥ (laminin), 4% = 5 — #" v (collagen type V), X 51z
D ECM B THD7 A 7 vk 2+ v (fibronectin) %
V-D-V v NEME r-GTP Bl B84 RIFichate
(X 4-B).

. mARBEFIREEREFREDFE

FEIOF, TR oA MZ X BHEME r-GTP 0F
HRZOEZEY 2 — V+5 mRNA OV_ADFRIDH0H
E5% RT-PCR (ECTHRA. Z0fked, ¥3, wrin
Fo—4 V- PATHER LEARMAR» LS8 LR)Y

B

200

100

Enzyme activity (%)

Fig.4. Induction of 7-GTP in EC by ECM. (A) Effect of astrocyte-derived ECM on EC r-GTP. Confluent culture of EC was
incubated on astrocyte-derived ECM for 4 days, and then processed for y-GTP assay. M, medium. Conditioned medium was
collected on day 7 after the primary culture of fetal rat cerebral astrocytes, and used at 50%. @@, control medium; 0
conditioned medium. *and NS, p<0.01 and not significant, respectively, analyzed by Student’s t test. Note that the ECM, but
not the conditioned medium, caused a significant increase in EC y-GTP. (B) Confluent culture of EC were incubated on
several kinds of ECM for 4 days before y-GTP was measured. All points represent X #=SD. No significant effects were
recognized in each case, when compared with control by Student’s t test.
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(A)'RNA %88 & LT, RT-PCR RIG&HDORERTT > 7.
H 5-A 1%, BECHER RNA B, REECIREEYD Y 7T
BEYTEy P LEREMHBRTHD . 1TTHEEN (base pairs,
bp) @ 7-GTP cDNA Wik OHEi2EEH RNA E4 S0ng T
ENERE LTHEENIET Le2t, 3 RNA &4
Song XM B L HBITTE{L L. ki1 2 VEERFEREY
B3, ®5BRT LI, 17Tbp © r-GTP cDNA ¥ ©
BIIEIR30Y A 7 v E TIRERANCHEST Licd 003544 2 4L
Bz FRIE L. Licd-T, UTORRTRERERRFOL
#x b bR RNA B 30ng, iy 1 7 /v EHI0MOS&HET
RT-PCR ¥ T~ 1. WD -7 7 F V22T b FR eI IE ih
waER L, $58 RNA & 30ng, 88081 7V ER20E O 4
cavte—ARKEO RT-PCR % T 7. i, TORIGOB
gaovie—adLTike PFMREAROMB®RTLS
Hep G2 &L 2™,

B 6-AiL, 7A b mdA b &IEFEEE LRSS 2B

L&Y (A)'RNA % LR OEEM RT-PCR L THHT LR
ThDH. EMEEERRCEVWTRELE VI FL2E5h,
7-GTPmRNA V~_vid AR B a0 #92. T~3. 2751
BALCWDZ ERRWHEShic, —F, FEMIEEERT
BHREMIED 7-GTP mRNA Vv, PORCHIRG B s s &
BEABETH-7. LkH-T, ULEOERML r-GTP ©
BREEOHKIIRIET S mRNA LAD FRIZEDH D&
Ezbhic.

100
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R ERLL |

Radioactivity
LI ELRLILEL |

0.1

Template (ng)

ZE12, r-GTP LA TRENHOEALMIED < —
H—EIRTWBEFNI VAT 2V VI & —, Pgp,
GLUT-l #2—F7%2 mRNA KB LTCHIRABOEEN
RT-PCR #4#i%ffot. PSVATZ 2V VLT 2 —13L5D
BEAETRTORERBCHEELTWSD, AEMRTOR
FRROEREARTELEL?, &ElE LTI BT 5#
OE D AARL B HEDOEF O BBB HE~DHEENHFEI LT
WA, Pogp (2B ME O REMCEEL, ATP KESCE
BHEAL LY, MROBERALTI>20 74 FF v v
FAELTHEETSELELRTLA®. GLUT-1 RKMER
FHBCBIRHCERL, =2—r v 7)) 7THila~0 s
2 — R DMERFNT 599 RT-PCR IGOBHEE= v = -1
FLTPSvAZ2Y)vie72— mRNA 8XU P-gp
mRNA OBH2 e + BE®", GLUT-1 mRNA X
Hep G2¥ % v 7z, r-GTP mRNA DB 4 & R B RS
ER LT (B 5-A, -B), F5vA7 20 viter2—, Pgp,
GLUT-1 mRNA OEBEYHRE L, i 2 HEDOHEWL 30ng,
30494 Z 2, GLUT-1 D411 30ng, 2541 2 L D &iF ik
Rl

HEBRERTISARMBO NS vAZ7 2 V2T &~
mRNA L~V AR R 38\ C P AR A B 3 35 S
D4.8~6. 551 LR LTz, Liv L, FFEMiFEERTIT
FFVvART =V VLT E— mRNA VB LIED bR
Jehsots. ¥4, P-gp 22— F15 mdrl #BEFD mRNA

100 f= B
10 f=
é? =
z F
-06 e
e L
o L
©
©
s 15
0.1 A ri : .
20 30 40
Cycles

Fig.5. Quantitative RT-PCR analysis of y-GTP, transferrin receptor, mdr-1, GLUT-1 mRNA. Poly (A)'RNA from human
umbilical vein EC was used as template for the determination of the exponential range. Serial dilution for r-GTP, transferrin
receptor, mdr-1 were carried out 30 cycles, but GLUT-1 was 25 cycles. All sequential cycles were initiated with 30 ng of poly
(A)'RNA. Signal intensities of RT-PCR products were expressed as the arbitrary logarithm values of radioactivities, and
plotted against template amount (A) and cycle number (B), respectively. Radioactivities of hybridizaton bands were measured
with a Fujix BAS1000 Bic Image Analyser. @, r-GTP ; B, transferrin receptor; O, mdr-1; [J, GLUT-1.

'
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y-GTP — 177 bp

p-actin — 98 bp
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Transferrin -
receptor 491 bp
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Fig. 6.

Quantitative RT-PCR analysis of poly (A)*RNAs from EC cultured with or without astrocytes.

mdr-1

p-actin

Glucose g2
transporter-1. ; bp
p-actin = 98 bp
% %, " %, %
@ . o, . v
& O, @, o
(S Q %
0, p
0{ 00
%, (e
RN
&

(A) r-GTP mRNA. (B)

transferrin receptor mRNA. (C) mdr-1 mRNA. (D) GLUT-1 mRNA. Thirty ng of poly (A)*RNA was reverse-transcribed and
amplified by PCR. Products were electrophoresed on 2% agarose gel, transferred onto nylon membranes and hybridized with

“P.labeled probes specific to respective mRNAs.

Bars on the right indicate the size of each product in base pairs (bp).

Without Contact ; EC co-cultured with astrocytes but without contact between the two. Contact through Feet; EC co-cultured
with astrocytes with physical contact. RT (—) indicates the reaction minus reverse transcriptase.

A close membrane apposition resembling a zonula

Fig. 7.
occludens (arrow) between EC that have contact with
astrocytes. A, astrocyte; EC, endothelial cell. Bar, 1 um.

DVRLYG, PITVARAT =) VT R —DBA L EEICER
HEERERC BTN RS HRE R D3.3~4. 3 L&
L, FEEMEFERRTIE mRNA VUL X hicho T
(¥ 6-C). GLUT-1 mRNA D$HEIITAEMED mRNA v~
AREERRSE A EE R R B\ T M B R 0 9. 0~11.6
W ETERL, 58 L mRNA R HBGBELZIT TV
B L7, LasL, GLUT-1 mRNA D4 iIEEt
FRBERTL AEMREREREFO3.2~3 MEECLEALT
WA ERBREIN (K 6D).

V. BTEMSOEE

BFEBEC L ABRT, 7TA Y4 P ORBEEEED
BRI O PR BE S (junctional device) 2\
BEhTwa o ERHERIAE (RT). TR LA+ LER
DIt WHEMRCIECEBOFRIHTH . IHE, 7
A b ey b EEMEHOREMETIIMEARD  Fa v FY
7 ORAIEEMPI I OR 4 5B LT (R 8-A, B,
#1).
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Fig.8. Astrocytes-induced change in the number of mitochondrion in EC. The number of mitochondrion increased in EC
contacting with astrocytes (A) and few mitochondrion were encountered in EC lacking contact with astrocytes (B). A,
astrocyte ; EC, endothelial cell; mt, mitochondrion. Bars, 1 um.

| [°H ] inulin / [“C] butanol ||£quid scintillation counting
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Fig.9. Induction of a barrier property against inulin on EC by contacting astrocytes. (A) The side-by-side diffusion apparatus
for transendothelial transport assay. Before being assayed with this apparatus, EC-astrocyte/ COS cell co-cultures were
maintained for 4 days. In the “without Contact” system, 3Xx10* EC were seeded on the membrane of the Snapwell and placed
in a well of a 6-well culture plate, at the bottom of which 8.0X10° astrocytes or 1.0x10° COS cells had been seeded. In the
“Contact through Feet” system, the same number of EC were seeded on the membrane, on the opposite surface of which
1.5X10% astrocytes or 3.0X10° COS cells had been seeded. After the co-culture, Snapwells harboring EC with or without
astrocyte/ COS cell lining were dislodged from their adaptors, rinsed with Krebs-Ringer's bicarbonate buffer and mounted
between acrylic half-cells of the apparatus. Transport buffer was stirred by gas (0,/CQ,) lift and flows in the direction of the
arrows parallel to the surface of the cell layer(s). Temperature was kept at 37'C with heating blocks connected to a
circulating water bath. (B) A barrier activity of EC-astrocyte co-culture against inulin. The activity was assessed by the ratic
of the permeability coefficient for [*H] inulin to that for [“C] butanol. Values are expressed as X £SD (n=6~12) and related
to the value with 3.0-um insert alone. For co-cultures in either the “without Contact” or “Contact through Feet” systems,
3.0-um pore-sized inserts were used. * and NS, p<0.01 and not significant, respectively, analyzed by Student’s t test. Three
separate experiments gave similar results. [, 0.45 um cell culture insert; [, 3.0 um cell culture insert; (4, EC—COS-7; B,
EC—AG; B AG—EC.

Table 1. Comparison of the number of mitochondrion between EC with
or without contact to astrocytes

Contact Number of visual Number of mitochondrion in EC
with AG fields examined (x£8D

-+ 20 8.40+2.10*

(- 20 2.10+0.29

AG, astyroglia=astrocyte.
*p<0.01, compared to the value without contact.
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V. BEBEOEE

EETX LI, NEMRET AL rtA b EDOERFFRERD
BBB DR EEE T H DAY T —HELRELSZNE D
PR OB ERRABE T =M v A - AT 2 (K
9-A) ¥ BWHYHEERT v A BTk, FEELT [FH] «
=YL [MClT & —nEEWE. fiEE, BREMRT » v
%/ (transendothelial channel) %4 U CIEREIpY el % i@
L5 %%, BBB #@BLIE WIZ 23 bRh T 5%, HET
B, SEREC b B TR N R BB 5%, AR
BT, BARMAF + v A—KBT L H A2V v EMC] T
27 — L OREHED B Beck HOHHICHE » CBBRELHE
EL, BEDOFBBEHCH T HHEOBBRYOEHE,L LAY
7 —¥EME (barrier activity) Rz, FORER, FEEMILESR
ERTIY, NEMBROAY 7 —FhizbFrcEmEhicce
F¥ oS, BEMAFEER T H AR ) vYiERT55)Y
ToHIE LRI h, RERNROERERIEOMN IMHTE
CHEARSIEIE R (R 9B). TAPryA rORbHIC
COS-7 fiflas BB e, WTFhoxF LT ERRSY
7 —EROREIITED bhish o . ERETFERERTEV
T, HEMIEBE 7 A ey 4 MBERYES®S L, B 9B
CRT X B, MHAOEBECHT AN, Lo
T, 7A M rHA b — PSR TS S h A REEREI
EBENELHEBELTVWS LD E MR,

% -3

BB O P E M BBB TaIbhABRFERRL,
oD BEES D PEERIRE & ST o Bk 0. BBB &R
1885481z Ehrlich A MEB OERE AN OB LD THRE
L®, #0#, Lewandowsky™, Goldmann 551z X b AR &
VR D R sk T BEBE A FET B = E DR S hic. 196941
V2 Brightman HASBERCEE Y FEbr £ v & — &
(horseradish peroxidase) ##EA L, TO b v —+ —EBEFRARIM
RSP AR D EASEE (tight junction) ¥ TLABFE L 27z 2
b NEMOEREMBEED LD BBB 2K LTW5 C
LERRB LY. o, BECESE D BBB OWE,DL,
BBB &\ 5 MIMEAEMAROBRPERIZNO K A AR 2 VA
MR AR R EIATVWS, HMERRORRBECELTE
b DELUTD 1) ~6) KEFS. 1) MOEEBREE
THEEBITER LML TICEKEL, T, ToMBMERC
BeEL A LT, 2) KRR PANERRE TR
S, BannFowBOBBEAFHBEIATVS. 3)
r-GTP, ALP, %/ 7 § ¥Y#% <5 — A (monoamin oxidase)™,
Na-K-ATP £ B Ik OLBOBERY L EA TV,
4) MEMLEERYEETAWEOMBIZEMRL v b
BXC LA 0NRETHD, WHWANOEBERKBERTH
DA — ARk I B, 13 VR EOBRROWTIX
TRTCEEHROTCERERFEEL TS Evwbh T3, §5)
MEEAR % PY B AR VAT D IR © P BRI SERTHI 3~ 5 1%
P VFYITRESLR, TORBEEORIERLTLS.
6) MmEREMRCERNCRET2EADIRESATSE
D, Gl EREEEE Y 7 E LTHER LTS P-gp RHHEIC
B LIRS HTT i & 5. »

Lal, —#AARLERNEEROERVELFEL TS
DA E S BB LTI E LI REHERTWisy . B

MR EREOMT A b r4 b, BEMA, =a-rvl
EEENSEEINDG. 203%, 7TA P4 FRIEOZK
BELTWAZ &, HEMAOEREET A P evda FORRE
TELIEIETATLESTWAZE, TAMRHS bi3—
HTEORERY = . — v VIEMIL, HEILOE~DY Y
FAEEYNT S L 5 NBERCHE Z L7ndhb, 72

Feyd P AN RERPEOFTECEbL > TV 50Tk
e EHEEhTER, UL, BECES ETIOFHHE
¥TALRYA FRETENE I NYBITT2DOETLR
BEREFANGL, REEHEZE T,

7 AP r%4 2 BBB OFKERLI B LEVIEROH
HLLTRUTOLOMABF bR 5. Stewart bk v X7 D}
RBRAZ =7 b VIEEAN, SR NERCBELTRAL
BOWEYBET S L5 F 2 T EF L (chimera model) %{F
WL, HACBALTERY X5 OBMBEINR OB
TR L EERIC b BBB OB E R RO, HERN
THERICEA LT EEMMEICIL, BBB ORE IR
Mote. TOTELD, HARMEERE VS RELNBHME O
BURYFETLZENTEREIRLD. ZOF2A T ETARK
BIENEAYBL CEOBEELREL>DHZ L, SHIITHKE
X0 NEEIMOEAEARERVEFEELE LTSS
LEGHTRELEDDE LTHIFRRERER. LrL, &
ITCREOBERETAMECE L OMECREE TIREIAT
Wiehrots., FOW#H, Janzer bid5 » PMEE I D BERELLT
A b et PREIBERNCEATSEFARERLT, 720
g4 P REOEBTHAHZ EOTEAERRAI. LTI TTAD
a4 MIRESY O BH, BALTELEMMLECEED
MRARD, 7A ey P EEEOFHCEbL-TWAL
EERE L™,

F o, ERRINC b iR ER R BT 3 5 7edic
{2 BBB #BETAZ EXBATHHH, REAHELEV2L
BBB ORBENT v £4 RHBMIIhTHELT, ZOFERT
WY NS = —iE, BimA e e T A RBEEBROGT L
o T, LizdiaT, 7A a4 A + OBEDEIEH AT
7REREN BBB EF AR THAILREBEHENDHILLE
bhd. ThETHRARFEELBIT LD EORRER
BBB = FANRIEINTE . Arthur HIXRTHZ EICE
DEASEE R R T T » P OEMILE R T A e A
| RES A FA SR A LIk DA OB AR EAD, &
Ny RGN EF L E LY. Tao-Cheng BIX7A+w¥ A ¢
DT 44 F—BRIEER LIS v b R S P R R AR
B O L HERES (gap-juncton) DR XEEL, ZhbHD
FHEFICIZT A b a4 b ORESERIESTH D, Wl
B (cell-to-cell contact) AAHEE & #4 L7z Dehouck Hikv
v NN P AR 7 4 V& — BB, TA LRV b E
T4 R —TFBIAEE XSRS (co-culture model) T
WEMRD r-GTP OFHE L g0 LR 2 #®E L. Tio b
L b BSIRAEMERE 7 A+ my A b % Dehouck & & R
DEFATEETHE ALP LSS OBELREDLEREL
725, Abbott HI%F v b ORNEMMAE ¥ BEHERLCRI L,
BBB % B ® L 5 L L#®. Hurwitz b3 3.0um OAEE
BT BB LEDKECE MREET A L ryA D IFEKE
N BRI R R LT, T OMBICIEE LA EBR
(closed apposition) * BE T HHWO = F AL L 7.
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Ceballos HiZF I BV 2 ¥ D RICHEMELERL, 72
FeA PRERCER LI IALF » — A v — FEIFE
DFABV Ay Y BHEDI L TREBREN BBB =50 L L
T, kA% v+ v (hypoxanthine) O£ P9 KA fa iy 6 2%
(transendothelial transport) 2B I D & & 2 W|E L™,
AWRTEEIL, Grobstein HbOFEEHEFEH® - F
(“proximate interaction” mode) WEHSWT, 220241 7D
BBB OREBETRNIFREERLFHL, 7A ¥4 FORK
MR T AHEY BN Lis., Z05 bIEEMAFEERERT
12, BB LK IR E 7 A b m A b OEflp TR L
SUETHEERLLDOTHA. ZORTIE, AEMBERT
B7AFRHT PHROEERFORELY R LWCics. ¥
Fo, ERFVEREERTIE, TALav A FOREER LD
Fr—a V¥ - OECHYEE L CHEMRE S EEOEME
BOZENTESD. Thik, MEMOEORNEMIRET A e
F4 b EOBHEOVERERYBRLELOTHE. ZORT
i, 7AbESA b BT A2 F SRR T L R
ARED LS IBEBYZTANERRAZI LS. Thb 2D
DEFEERRT, NEMRE LTRENEoREMY B
fo. ZRIL, TA P evS P ARNMAKAREEVEYSEL
3HEMES LD EHCHETCES IS LELDTHS.
LOFEBRARTEEIIREN MO ENERREREVETHS
7GTP %=—#—3¢ LCT7ArdAa + ORNEMBE~DEHE
RN, TORR, TA ey MSPEY, R ER
BT oEMICEKF LT, AEMRK r-GTP »FET 5
ERHERENI. TA ey A FERRL L r-GTP BKRBIC
BOTHZEND, TOFEXI VbR LFEREY 750
(“continuous signal (s)” ) NURETHHZ L7, Fi, 7
Abryg bR LA EE Y ViR T, oM
A EE RN r-CTP 2 FHL 5 5 Z LR VH Zhic.
LaL, fldifemskoifilas 8 CRa oot B8RS Tk
HEERNEME r-GTP O LB IBSAT, ZOHFHZT X +

Brain vascular
endothelial cells

Tight junction

Continuous basement membrane
Enriched various enzymes

High density of mitochondria
Active transport

Little pinocytotic vesicles

Astrocyte

R

B MCERM S RAOMBAEER 558 5 TV B A
WbELSRI., TAMaH1 D7 4 —&F—FH COS #ja
TRRBIIEh oI by, TA L avA MZERH
(istructive) CHIRBRRMNIcY ' F AR ELELTWH LD L
Zzbh5.
FHETCRIBENEVEOFEZEL T h SAMCHRET
B, BEOY VIV TCLRETFRELOFTEAEEN
RT-PCR &%#8#HAL, rGTP L Tr+IvAZ7 20 vk
7 & —, P-gp, GLUT-1 =2 — F4+5% mRNA EDZ{LicBL
ThHEEF L., ZOERTELZINEBBRIZETS 5 v A
ZzVvveT -, BIOW Pgp WT7ALeH S VCEBH
EEZFTHERFHDTHLAC L, FSvATZ72Y Vit
TR - IHRAS SRR EA BB L RO T ar b TV
A7 = VY v (ferrotransferrin) &L, 7z2nv b S5Sva7 )
V/IVSVRTZ Vv VReTE—a v Ly 2 ARBE LT,
v F4 A b — A (endocytosis) & X D #EDMA~DE b A
HZECEE L), FABROBFCTHHEOEHDE AL
CHEELCW5. Pgp i ATP KfElEIc e v 2 VA5V, 7
FU=wAy vic EOPERERRMC T 5 ERPkER v 7
ELTHEL TV HORMAT, ERBBECEIh 7
FARNF¥ VvRALE LUTHEIEL, MlRFZEOHRM LS TS
LEPRTWA® GLUT-1 (55kDa) i1, BEF CTEEY » —
=V TERTWABILVIA—-A L FVAR-Z—DRTRLED
ZZe—=vZ7E8RiebDT, ECNEMOEPILMEE, FHE
B, RORCERELBHLL0THADH, BOZMCO %
ERABDOLLONEDO IV —R S VARAE-E— L ZNT
Wh, ¥t BATR Va2 —A LS VAR—2—T A4
7 g —Ash=a—8a v (GLUT-1 (45kDa), 3) = 7V 7414
(GLUT-1 (45kDa), 5) ' D HN T 2%, Fiak Lic & 519
Bt R R T GLUT-1 DA S s BB B ©
FHIZDOhichoich, BEMAFERERTIIV-Tho<—
A= TALeHA MCIBFHELREDORT. TOKBRE

Non-neural endothelial
cells

Fenestration

Continuous transendothelial
channels

Passive diffusion

Abundant pinocytotic vesicles

Fig. 10. A schematic representation of astrocyte induction of blood-brain barrier properties.



268

D, FEOBEITIINS VAT 2V v LeF 2 —, GLUT-1 T
FL. COFEEIBAE S D RMAE R RIS S CRES
BN ERHBRWAY ¥, BIFORHA TV ALE
T Pgp bREH L D ORBE LA TH B, BRERT A b
B4 MEREWCAFETE+ D BBB BEEEFOREIEH
BIRAZ LT, Zho0RELHENR—FT 5. BBB A HAR
I LCW A Z LA WMEIRTED, 7TA Y1 ML
AR ) BOERNEERPECHE, #EFClEbT1230
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BXhs. EEBEETF-a (tumor necrosis factor-alpha,
TNF-e), MEWNEHBMBE T (vascular endothelial growth
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530 LEbND. EEIIHERIDT A MedA b EOEM
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EThHH, NNFREMRMAEARRERT L » ThbhWE
EPRORTERTA bev4 b BRI MBS - THEL
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TR YA FAEETHHEYE L NEMRAOZEEEN
ELEBABL TRESH TERTREERREL TS,

Sy, RERSHREERRTT A b ryA PO FERENE
MR NP ELHETA WD SV ASLEBEERETAHZ
LRI L (K10). Zhiz—F CHEMBO SRR
WMEREET A LR PE ST DH. FREAPERTHIZIRT
TA N rHA - WERIREFERET VL, SERONERS
W - ISR OBRCNANOYEEOTED wEALBRE
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Abstruct

Vascular endothelial cells (EC) exhibit organ-to-organ heterogeneity in their functions and morphologies. In particular,
brain capillary EC have unique characteristics exemplified by the blood-brain barrier (BBB). The formation and the
maintenance of BBB have been ascribed to EC responses to inductive signal(s) or factor(s) from astrocytes that encircle
microvessels in the central nervous system. However, this hypothesis remains to be tested, because suitable in vitro models to
verify the role of astrocytes are not yet available. In this study, I constructed a heterologous co-culture system, in which rat
fetal brain astrocytes were cultivated on one surface of a porous membrane and human umbilical vein EC on the opposite
surface. Electron microscopic examination revealed that astrocytes passed their endfeet through the pores, making contact
with EC. In this system, gamma-glutamy! transpeptidase ( y -GTP) activity in EC was found to be significantly increased by
contacting astrocytes in a density- and time-dependent manner, but not when the astrocyte feeder layer was apart from EC or
replaced by COS cells; astrocyte-derived extracellular matrix partially activated y -GTP. mRNAs for some of the
representative BBB markers, including transferrin receptor, P-glycoprotein, brain-type glucose transporter and y -GTP as
well were demonstrated by reverse transcription-polymerase chain reaction to be upregulated in EC co-cultured with
astrocytes. Astrocyte-induction of close membrane apposition resembling a zonula occludens and of an increase in the
number of mitochondrion in EC were also noted in electron micrographs. Further, increased barrier activity against inulin
was conferred on EC when lined with astrocytes ; this barrier function exhibited a due polarity. The results obtained with this
heterologous co-culture system thus indicate that through contact with their feet, astrocytes are capable of transdifferentiating
non-neural EC into the brain type, endowing them with the BBB properties.



