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ABSTRACT

The growth patterns of primary culture of bovine brain microvesse] endothelial cells (BBMECs) were smd-
ied nzing electron microscopy when grown on 3.0 pm and 0.4 pm pore Trangwell. The capillary fragments and
isolated endothelial eells grew on collagen coated culture plate and Transwell membrane, The BEMECs grew
only on the upper surface of membrane of 04 um. But BBMEC= on 3.0 um pore mermbrane migrated through
the pore and grew on the opposite side of the membrane. In sammary, BEBMECs igolated by enzyme digestion
could migrate through 3.0 pm pore membrane but not through 0.4 pm pore membrane. o 0.4 pm pore

membrane instead of 3 pm pore membrane should be used for dmug transport experiment or transendothelial

electrical resistance measirement.
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o EBE W03HYE S tm BT AL DAY,

Sk gloh FaAE 2 o plAEE A=At o
FF FH FA 240w (Abbott et al,, 1992; Abbruscato
et al,, 1999), 2 dd= FRFHM=E, Helm L=
FA e 41 (Shi & Audus, 1994; Eddy et al., 1997
o FH e wHESE WA e ge] o A"t

W AEe BT o= A Aol & (ght junc-
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ton)7b ] ¢l (Arthur et al., 1987; Audus et al,,
1990) M=} M £Fp4 = (pinoccytotic vesicles) 2} A
¥ 7 (fenestrac)e] A 4of(Reese & Karnovsky,
1967; Bowman et al., 1981; Bowman et al., 1983), ¢|&
% B0z Qi o DA9F AR B
2 SFEe} & W FEECl Ao HE A
29z lFHe Ae ATHE 9L 90

¥ AF AL o] (Panula st al, 1978; De Bault et al,
1979) Zkzf A2k AFA L Hell A mA gt A E
2o, oprien] 53R T2 2 Sleel B 2
ated EHZed e 7 HeEd SR 4T W
Axg 2], e = olA =gz, A =2 #st
A e AFN2 Hzes AEAE 7% o
3 2A el A el FeElE

A = M Es WA EzE Rl A o
& 7177 gl= v Audus etal,, 1987, 1990; De Bault ot
al., 1979; Williams et al., 1980), =LA E4E o]43F
Spys 23S o149 PO U 4 Ak
EAA ZEE 4T el Febsle AAE
$ o Wl 9% % slon AAABF chadzs
292 2Y 4 95 el Ak 2A2ANE oI
e WE w2 AEE 9 £ AT 2o 4
oA Maepe] &Ake] AA AAZ abebgls Mg
P E4F o488 W vlsl g (Grabb &
Gilbert, 19935).
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a8 s gt JH9E AAsT Fade
B2]sted A|=@E L dispase?l collagenase/dispass
E A={stet. 2 ot percoll2 Tl E S M =
T 2eiElky,
(DMSO, Fisher Scientific, Inc.)& 22 DMEMF-12

Ao Fdel] Y27 —80°C Py AT oFF

ol B Wi ofslaict o mlAER HuldxE T 3.0
w2t 0.4 pm F AL F9L4 713 Polycarbonate A2
2] T2 F1Al Transwell™2] 2 7] 300,0007)
fom®s] W=z wfpstedct wjofd2 DMEMF-124]
10% horse serum, 100Units/ml penicillin, 100 pg/ml
streptormnycin, 125 ng/mL heparin2 o] WFEgoh A
57 Belgle Zdb wFaE 05mL $m Axsb
Solal] e Bl dlgaE 15 el 3770
Az <F7] (5% CO;,, 95% humidity)ell Al A ZZ ol f
e PR IUH He F HE 2ARD 2
Sy o184 B mARAS AES 4TS
S 717 (Olympus, CK2).2.2. B35}
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12 horse serum¥ dimethyl sulfoxide

2. Bo{EAEo[Z s ?IE A2t

ol g FEA ofae wiofE eHxg Tz
Aoz FAst7] fAH 001 MPBSE g = wjof=
Hxzz A sty 2.5% glutaraldehyde (4°C, pH 7 4,
0.1 MPBS)e]| 3083+ ApAsim 0.01 MPBSZ A2
3 £ 1% csmium tetroxide (4°C)ef] 2087F o3}
G A9eH T2YY SolTE IRE T oE
o =ejsbyder, &4kE3 7] (Reichert—Tung, Wien,
Austria)2. FaaAR 2 A 2] Richardsond A2 s}
o SEbgn|Ae 7 FEE 3o sulkEHL A2k IEM
-200CX F=FA=A1A (Jeol, Tokyo, Japan)2 = 3

spgict,
3. FALTAEO|ZEEE #IE A2
oauh] o of=l =M E2E 2.5% glutaraldehyds
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(4°C, pH 7.4, 0.1 M PBS) o] 3027 A9A5L% 0.01
MPBSZ M AZ & 1% osmium tetroxide (4°C)ef|] 20
2 EuAsch HueE FAFeR wedt &
amylacetatee] 4] 10237F ZE3LT, critical point dryer
dlx 228l Jeol IonSputter ITFC 11002 )45}
Gold coating=- A3 2 TSM 35 CF= 15KV 5] A4
st o

4 7

Wl 2 o] dxpwlofs Hat 2ol S B3] Yo
Az 2708 BAEREL SploE =33
k7174 mHs A THH AHAsio Trypan blue
AL B AEy AYE&E FUzy ePU=E
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I Az FAs e oY FHE] A%
AAeted ol sk Aht AaF o7 ek
S AR HEe 92 H9A4%e e ARG
{Figs. 2A, 3A).
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Dok woFe Fo SR WA E Axned W
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A S 292 39 Ae FAT > 24

wjjofd 2 DMEM/F124 Platelet derived horse ssrum
= 10% = st ARESE o o] platelet derived
growth factorz}b H2 zerums] ARgeo] W=z A
Azt A HefE et 2 e]7] WEe]
W 252 23] s E52 A5 A=z
Apel2] ZHE & gloixo] Fd=FtEe] BalFql A
ol FHIF AlEAbelel| AL o] HEEE A2 3
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A7t = 4iet,

2T o wAEE AHAEE 2 3.0pmet 04
i A8 FE L Wl joFsiel F99 374
uhe A Ee] A opAe HAEska

30pm FHE A4 T ke B A 2
FEA A M2z st H5S AR sle
o] WAH Q) (Fig, IA). Transwell 2 43 73, &
collagen® 2 =33t whe] e 2T fajd=zE
9] wjopE Al Ash R A4S P
W 2R AHe 2 YAt HExdEe
Hetedet (Figs. 1A, 3A). T23v 5744 sl A=
Axe S9A 2 £1 A4 20ums] 792 9
Gl $Eez oFeed dd deex g
Gpu cklE TR @ wEdAE 3D
§191chFigs. 14, 3B). U] Bl 4
I 22 FHE B3 A=xd E718 o] Az wkd
Z mwd 2718 Ao oM B2 A4
ATAE Aol o] ) et Folgne o
B e He AT 23 2 ohie gavRE
2] B4 o] ZatAslA HAH A

O.4pm 775 712 o] 9 of& T A4l Tran-
swell 9] HEFRE AT Qe FEF 2R
A A=t A e e Aadete] W gE5E
HAET gl Aol FAF ¢S (Figs. 1B, 24). 2ot
30ums] F9E 7 SRS gel B
ol E FH W WA MErt #AEA §
¢k} (Figs. 1B, 2B).

JALE o} 2 TR BelT R =
T Transwell 244 3.0um Z7)8 792 713 o3
Shache 04pm 79& A4 e Aol %
Sk sk FHAAT AXT NP # Gk A
2 %+ Q50

z #
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W 25 2e]stgd o (Audus & Borchardt, 1999), 2
2" HEHEE collagent @ =3 wlshe] 7 2=
bt $P9d=| 9h(Szabo et al, 1997), 2 A iz
AR 24 208 YIIESE 25 colla
gen o] =xe cheh RN R 5 el
Trypan blued o]&=] M =3 viabilityE iz“‘%]—oéi uj
FF 3dA ¥R FIuAEsl 2EbEe AL HF
shaich g9 FESE Aaohd Q¥ oud Ax
=¢] #2 7 AAsh (Demeuse et al., 2002), 28| =2

2 4= platelet derived horse serum (PDS)2 A}
48t 29" A=z A JA e A2
7b 2ReA AAstws Az Afels] ZEHe] AL ¢
oA e HAF S Qo T 2F DS
sp=A R AE S AgeAnd 939254
o] HAE JAsle = 2 o EE ded
AEE ALz oA glof(Male et al, 1990; Green-
wood, 19913, WA E7] o f=F2] upES 53]
e A7 4 7Y AEeldder 149 A= (Demeuse
et al,, 2002)8= A W& Abgs] wWE A7) gdd 2
AR A e 2od HeA=x JH 5 ARebod =
Q7 DA 2E Aese] dEez 4%
Aok w3 A9 £t 4T T 2ol F o)
A = gdot HAd =z Zopd wgy o]t =
v orae S vestes, ASE 2 F0. o
FLoie, M2 HAAA A 3, Hl=2E FE A=) A
ol dAHe ATl olgBe A 2els
et 272E B4 g w20t w2 o9d A=zot
A2 A = ke E 5 sl

3] AjA= AH4E polycarbonate B2 25T
zhed A= A Ao ¥ A, PET A
49 sucks AxY ¥4ge] Bt o] AeHT
Sk PET AR & AR A maigd +
A =T 2 44 collagen® & ofA) =X A
T 50| 3 ¥Asle] 22 FdE U 4 o (Male
etal, 1990). 22} B A3 4|42 polycarbonate ¥H&
collagentre 2. =¥ sl s HEEe| 3 2aste] =
e A9E 94 F sdd

do $9 ol B Az A ol
FEetet 30um=1S FHEE 7HA A e
W 27t 7H& B8 ol Fete] H ni SedA=

AAstg ek 2Ev 04pm =218 7Lk oF
el e FEHE B olFE s BEb dEte
Al At w27t o) o= giet aH = yete
ol sl AYAE 04pm =718 GFHS AR
of ety A oF 4= slgleh Tpm =718 74 7F
Al o Abgete] HolwA et Huld 2E 4S5
@ BANFE T AQAAE o] 212 FHE E
G4 T AESe oFHA orenl WopmAxe
AzZ7|71 o] 7L 3 HuH =2+ sk 5l
A 1_1_3}715 shad o (Demeuse et al., 2002).
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< o5 o] oA FHeof invitro 4He] 7S o
AA HellA o FAbstA T 5 glA =

2 AfdMe 208 o4 =g 29
ofete] 30um W 0dpm =Z7)e) L 7hal oFFet
o wjepstel AabepdE A A EE 30
um 7Y ofFEhe o Fotglent 0d4pm =AY F
He 7kl oy oFEA] Betech 2R of
Bolg=g dAste Yot AVHTE EHE =
Aoz she AYAAE 30pme) RS A
A 0dpm To\9 e Al B A2
% & Q9%

i3

o riy

23 Ed

Abbott NI, Hughes CC, Revest PA, Greenwood It Develop-
ment and characterization of a rat brain capillary endothe-
lial eultre: towards an in vitre blood brain barrier. J Cell
Sci 103123 37, 1992,

Abbruzcato TJ, Davis TP: Combination of hypoxiafaglycemia
compromizes in vitro blood brain barrier inte grity. 1 Pathol
Exp Ther 289 : 668 675, 1999,

Arthur FE, Shivers RE, Bowman PD: Astrocyte mediated
induction of tight junctions in brain capillary endotheliom:
an efficient in vitro model. Dev Brain Res 36 @ 155 159,
1987

Andug KL, Borchardt RT: Bovine brain microvesssl endothe-
lial cell monolayers as amodel system for blood hrain
barrier, Ann NY Acad Sci307:9 18, 1987,

Andug KL, Bartel RL, Hidalgo I, Borchardt RT: The uze of
cultured epithelial and endothelial cells for drug transp ort



Lee Kietal ©

and metabolic smidies. Pharm Res 7435 451, 1980,

Bowman PD, Betz AL, Ar D, Wolinaky I3, Parmey B, Shiv-
arg RR, Goldstein GW: Primary culture of capillary endo-
thelium from rat brain. In Vitro 17 : 353 362, 1981,

Bowman PD, Enniz SR, Rarev KE, Betz AL, Goldatein GW:
Brain microvessel endothelial cells in tissue culture: a
model for smdy of blood brain barrier permeability. Ann
Newrol 14 0396 402, 1983,

De Bault LE, Kahn LE, Frommes 8P, Cancilla PA: Cerebral
microvessels and derived cells in tissue culture: izolation
and preliminary characterization. In Vitro 15 1 473 487,
1979,

Demenze PH, Kerhofs A, Struys Ponsar C, Knoop B, Rema-
cle C, Agnilar PH: Compartmentalized coculture of rat
brain endothelial cells and astrocyte: a synergistic model to
gudy the blood brain barrier. I Neurosel Methods 121 :
21 31, 2002,

Eddy EF, Maleaf BE, Hart TK, Smith PL: In vitro models to
predict blood brain barrier permeability, Adv Drg Del
Raw 23 185 198, 1997,

Grabb P4, Gilbert MR: Neoplastic and pharmacological mfha-
ence on the permeability of an in witro blood brain barrier.
JMewromarg 82 1053 1038, 1993,

Greermwood 1. Astrocytas, cerebral endthelinm and cell cul-
tiure: the persait of an in vitro blood brain barrier organ.
AnnNY Acad Scié3d 428 430, 1991,

Too F: Endothelial cell of brain and other organ system: some
similarities and differsnces, Progr Meurobiol 48 @ 235
337, 1993,

Mala DK, Prvee G, Rahman I: Comparizson of the fmmuno-
logical properties of rat cerebral and aortic endothelivm, I
neroinmunel 30 ¢ 280 295, 1990,

Panula P, Joo F, Rechardt L. Evidence for the presence of

viable endothelial cells in culhure derived from dissociated

BEE Fndothelinl Cell on Transwell Meambrane 285

rat brain. Experimentia 34 95 97, 1973,

Reeze TS, Karnovalcy M1 Fine structural localization of a
blood brain barrier to edogenous peroxidase. I Cell Biol
34207 217, 1967

Zhi F, Audus KL Biochemical characteristics of primary and
passaged cultures of primate brain microvesssl endothelial
cells, Netrochem Res 19 1427 433, 1994

Szabo CA, Deli MA, Ngo Thi Khne, Joo Fi Production of
pure primary rat endothelial cell enlture; a comparizon of
different method. Newrobiol 51 16, 1997,

William s 3K, Gillis IF, Matthews MA, Wagner RC, Bitenslky
MW lzolation and characterization of brain endothelial
cells: Morphology and enzyme activity. ] Meurochem 35
374 381, 1980,

<=

=5>

ra

@ ¥ R eA 2
7 30umy 04umyl FHE 7}7«1
swellja| o LA Fslsd & 2] 524 ApanAe
g} 2l 2o YR e 249 2
2 JEdzss sepoes =x w7
FArE o] Aasldr) BBMECsB2 =7
j 5 i oﬂ)\{ i3 /’HZ]-zs]. =
34 7 Wel Az AzEe] TP
oz %3] AR ohhE TRANE 43l

S

LCEE

o

Lu

Aq] g_q}% 3/1-] 15].03‘;],

S48 Az x> A= g4 el BEMECs:
A7 03ume) S4TSRk A4 04ume B3
AE EHT & g9 T 5 o, GEoFeE
FEsls Ao AXHYE FAlE FHoz e 4
el 3.0ume] =g Abgshe Al 0dum =
7128 S-S Ahgelel e e o 5 alsle

FIGURE LEGENDS

Fig. 1. Transmission electron micrographs of primary endothelial cells culhared on the porous membranes (Day 7). A) The endothe-
lial cellz are growing on both gides of 3.0 wm pore size membrane (2,500 X ). B) Monolayer is formed only on upper side of
0.4 pm pore size meambrane (2,500 >0, C), DY Tight junctions are form ed between endothelial cells of monolayer (14,000 ),
Fig. 2. Scanning electron micerographs of 0.4 pm pore Transwell membranes. BEMECs in upper part of membrane (&) reached
confluence and showad few intercellular space (arrow), But there was no BEMECs grown on lower part of membrane (B).

Bar equals 1 pm.

Fig. 3. Scarming electron micerographs of 3 pm pore Transwell membranes. BEMECs inupper (4) and lower (B) parta of membrane
showed a few intercellular space (arrows). EBMECs were growing on lower parts of membrane. Bar equalz 10 pm.
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