Role of P-glycoprotein in the Brain Capillary
Endothelial Cells

&8 jpn

HhRE

~FHH: 2017-10-04
F—7— K (Ja):
*—7— K (En):
YRR

X—=ILT7 KL R:
FiT/:

http://hdl.handle.net/2297/8323




356 SRKELEEEME H101% B2 356-364 (1902)

B MEN M B0 % P RO OFER L BB T 5%

SRAFEFPRAESBLRE G L ILTHERED
I T
(PR 42 F 5 AR

PEELIEEEECNT A {LHEEOBIC R LE 55T &K 170kilodalton (kD) DEEEN T, ATP KFMEICHE
Ha s ~EE T2 2 2w X 0 SFMERE ST E 3R T 5. PEEAIZEIBCE, el oEBEMAC @D
—F, B AOEMMEC LBERENCLONEZ b, BIMEL OBENRBRER TV A, AFRCETE, v
I oE L EHNEARBROMREBERRAY AT, PEEOCERNECRIGT ST/ 7 v —F A fifk C219 B LU
MRK16 1= X 4 {r2esy, AEf@tENe PERELOREALRALL. 35K, PEEAOCIERYEET 5B« OHAL A
W, BEBRNEMEADE Y2 ) RSV OR DAY EYBBENCRH LIz, v=AgvTmy 74 VTR, vYRLD
5L B N EARC BT, 9 FER 130kD 0 PERAIMEH I hic. SEERILERCIE, ¥ RS E N R
B, X ORRERNEMLE LM ERNCPEEOOREARD b, REBENCI, MEMOCMREBCRIELT
Wit FMREBERR YA EYEBER TIL, MRKIGK X D v 2 U A+ vOR Y ARZIFRCHEM L. AT, 2
vy AEHH] (RF21 ), BIVATF rA FhRAEY (FrFATRY, FAIATEY) RIS THLEROHEMAZ LR
:.‘ﬁ,ﬁ%m%ﬂ(79ﬁfFU¢A,Q:FD7m/~WVNiEVﬁUZ%V@WUQ&@%ML&%,7Fﬁﬁﬁm
kb ATP EARBELT S RO AZREAL Lic. UEOKRL v, PEESINEMOE A EMRC K CEAZNE
PRI~ B R A TR B 0, MBI —EE - T\ 5 L L ARBEhiz. Eie, #Av v AfEHHAR
WX DEFAO VRALAEINT S Z &b, BUENERCET A {LERE~DEAVHRELS.

PREE [, {LPHRE, MNBAM, LAmE, BEEANmE M A

Key words

EMEB R L CLERELT 586, RAOHEILMK

%. LiaL, PEERA & MEMER & OBEI D WTIZRER

MBI & Y EHOEEEBABTAHR IR DS,
MBI & bR bh I BETH DA, 19605 L DI
EMMEAEMBETOL OOBEMBHIER IR TERL". +
e, MEMMENEMEERENFEFCHECZ LMD
A4 (enestration) W N A DT, KARLPHE
(pinocytosis) WX H D TA LWL, B EEH (tight
junction) THEALTWAY. LidisT, mMEMEF % BRAT
FAHDIL, 7 FUERT B AL OHREE GRS T
B0, BIV, BAREOCOHVLOLECHRENRSY. Ln
L, EVvZURFURT FY T v vk, BBEERASV
ChhibbY, MmEMEMOFEEN T E b THEN.
1970 E X b Zh HOEFIC X R Lok, SFMEE
PESLEREREOMBEC ST, PEEALVWOIHTE
#9170 kilodaiton (kD) DHEEHHLHBICER LT 5 EEHNHR
HEIJINEY. TOROFRTPERS L, BEMPICED
AENEF Y ATP kFESCHRANBAETERAS D Z
ERELMC IR, PEEAIZ, BT, B, FE0EHE
B2 DT b, MR8 EOFMMEA KM b RE
BRHOLABY LI D, BEF R OBESTRBEIATY

B7e A% L, BMEOKAS . ok 21E, PEEADHE
FRxHE-TWBEIhDH0 >y AFEFFS S X ) HEA
O MM FERME L E i, BYENES O RECH L
WHAEMNE RGeS RSN S.

F T, APRICE T, Audus HIZ X - THIRE S hicy
SN D REEL L 7o T M P B D B v &
BIfDEF A& LT, PHEHORHLY, EHOBTCHT
BRI O WTRE L.

HHEE IUFHE

1. S REMMEREERORFE
Audus BOFHED R, vUNMOREBE L 0, THOE
PBHND A B, KEBL L. iy MK D REOHME LM
BhRE Lo, KNEBY 1~2mm XKML, 0.5%0
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Abbreviations : ABC, avidin-biotin peroxidase complex ; BCEC, brain capillary endothelial cells; C/M ratio,
cell/medium ratio; DNP, 2,4-dinitrophenol ; kD, kilodalton; MEM, minimum essential medium ; NaN,, sodium
azide ; PAGE, polyacrylamide gel electrophoresis ; P-GP, -P-glycoprotein ; SDS, sodium dodecyl sulfate; VCR

vincristine ; VPM, verapamil
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Naito 5OHFE I X hMIREXFER L. fksd 10mM
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LEO LY. BREOERES % 250mM ~ 2 $5A b D 10mM b
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FFv LB + YV ¥ A (sodium dodecyl sulfate, SDS) EL
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RREE L7ctg, 10%, 15%, 20% & = B 4 Bsf+ 2%
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BRECKEADD A 5 ) — LI THEMESRAF o & — B[l
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fihx~v A E%sE s =7 U v (DAKOPATTS, Glostrup,
Denmark) 12 B# Lic b Dx Bl v F m— & L.

2) BIEEseE

XBEABC ABC BafT o788, 1 %I AE-ATAFE
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7 r % 7 F v (Boehringer Mannheim) T2 — + LE&®R I &7
B, TOLZY NI DR LCEMMEREMRY £ %,
MEM s Tl AR L. SRR HEEE, 4%-97h1 A
TAFe FCOSEEREL, 0.05% v = vEICI0BE L
7z 1 &Pk L LT MRKIS (10u g/ml) % L0 C219 (5 ¢ g/
ml) -, 2%k$ikE LC POD Ei#Efi~wv 2 Ig, Fab 7 5
7' 2 v} (Boehringer Mannheim) % Fi\ - BER{IAREEE, B
0" ABC g% {7 -0z,
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L &kfith& LT MRKI6 (10 #g/ml) %\, ABC #E%77-
e, =R VBIBICTEE L TREA AR L, SRat i
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PHEEMICL MBI BEAE LT PH] €vr ) AaFy
(6.0Ci/mmol, Amersham International, Buckinghamshire,
UK) W7z, iR E LT ["C] ¥ 2 ¥ (4.6mCi/mmol, New
England Nuclear, Boston, USA) & fivvi-. PEEEH®IHES
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Fig. 1. Western blot analysis of the cell membrane frac:ion
of isolated bovine brain capillary endothelial cells (BCEC)
(lane 1), K562 cells (lane 2, négative control), and K562/
ADM cells (lane 3, positive control). The proteins were
fractionated by SDS-PAGE in 7.5% polyacrylamide gel, and
were transferred onto a sheet of nylon membrane, which
was stained with anti-P-glycoprotein monoclonal antibody
C219 using the ABC method. The molecular weight
markers in kilodalton (kD) are indicated on the left. The
170 kD band of K562/ADM cells (A) and the 130 kD band
of bovine BCEC (M) are indicated.
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Fig. 2. Immunohistochemical staining of P-glycoprotein
(P-GP) in the bovine gray matter using the C219 antibody.
P-GP was detected on the luminal side of the brain
capillary endothelial cells (A). (B) is negative control using
mouse normal serum. Magnification, X560.

Fig.3. Immunoelectron microscopy of P-GP in the bovine
gray matter using the C219 antibody. P-GP was localized
on the luminal side of the endothelial cells (arrowheads).
N, nucleus; P, pericyte. Magnification, x10,500.

Fig.5. Immunoelectron microscopy of P-GP in the primary-
cultured bovine BCEC. P-GP was localized on the
luminal side of the membrane (arrowheads). Magnificati-
on, X 25,000.

Fig. 4. Immunohistochemical staining of P-GP in the primary-cultured bovine BCEC. P-GP stained using the MRKI16 antibody
was distributed diffusely in the cytoplasm (A), while the protein was stained as granules in the cytoplasm using the c219
antibody (B). (C) is negative control using mouse normal serum. Magnification, X560.
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VI. MEBRE 7 U XF - SHBEROHE

MEEL D, MRAERBECH T 5HMRAEDED L
(cell/medium H, C/M k) R 7z, $igb b, fllE Lk
BWIPHl Ev 2 Y As-vB IV [MC] v a OER 2 v ]
mg Bl BB L, Mx-ERBETE Y C/M K (#)/mg
protein) ZEH L7z, v o BIXNEMME A EMRE BB L
wWoEhb, v BOEIIMRAOHEKDOMEL LTENTD
C/M ENBELFIWTEDE Y27 Y AFvdD C/M i itE
L.

K. ¥atzeavigst

Ev 7 ) RAFVERDARDOREES & FAH LERIT BT
B C/M Ly FHE T RERZE (meantSEM) x«1/mg
protein TEL. ¥, ¥V 2 ) A+ VERDAZDOIHEER
i, RBHEO C/M k2100% &L, FPHELErR:
(mean+S.EM.) FTRLA. I, RAIESHEO LEREK
i3, Student @ t BEE A, EHEK p<0.050BFITEEXE
HokLiz.
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Fig, 6.' Time course of [*H] vincristine (VCR) uptake ((]—
0) into the primary-cultured bovine BCEC. The VCR
uptake is indicated as cell/ medium (C/M) ratio as
described in Methods, n=A.
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Fig. 7. Effect of the MRKI6 antibody on the uptake of
[®*H] VCR into the primary-cultured bovine BCEC. The
cells were preincubated in the presence of 10 2 g/ml of the
MRKI16 antibody for 30minutes and then incubated with
[*H] VCR for 60 minutes. The uptake is indicated as the
percentage of the control (100%). n=4, %kp<0.05.
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Fig. 8. Effect of metabolic inhibitors on the uptake of [*H]
VCR into the primary-cultured bovine BCEC. After
preincubation in the presence of 10mM of sodium azide
(NaN;) or 1 mM of 2,4-dinitrophenol (DNP) for 30 minutes,
the cells were incubated with [*H] VCR for 60 minutes.
The uptake is indicated as the percentage of the control
(100%). n=4, *p<0.05.
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1) £/ 78 —3141{F: MRKI16
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ORE TR S eEE, MlNY v 2 ) A5 v BEITIRE
#2100% &5 E156.5+T.6% L ABICHEML Tz (K7).

2) fRHEEHR

7o bF P Y Y A (10mM) 2R IR E, filRPE v 2
Y RFVEEITIM6.0412.4%, Y=trT7 =/ = (ImM) T
11151.045.5% &, WERbWRBEL LB L CHERCHEMLT
Wiz (E8).

3) vy AEHRF: NS0

NS RIAREAEEES, b oM TRilaRY v 2 Y A
FVEREEIT124.1+£15.4%, 504 M Ti3137.2+19.6%, 500
uM Ti2154.0421.5% &, RMERELELT, WThORE
CRGCTHHERICHEML Tz, NF8 3 VRER ERDHITD
nFEmTAEAC D - -, FREMTORRZEIRDLAK
rote (K9).
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LT A E, N Fra—F v Ti288.7£3.8%, TV F
=v'e vTIit102.049.1%, <& A4V TI286.44£3.5%,
Fohy 2 VUV TII84.644.1%, B—=A P F Ut AT
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Fig. 9. Effect of verapamil on the uptake of ['H] VCR into

the primary-cultured bovine BCEC. The cells were
preincubated in the presence.of 5 M, 50« M, or 500 M
of verapamil for 30 minutes, and then incubated with [*H]
VCR for 60 minutes. The uptake is indicated as the
percentage of the control (100%). n=4, *kp<0.05.
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INEETIE604E T108.7+9.3 #1/mg protein & 7 F i mRn,
F£158.3+3.3 1 1/mg protein KH<31.4% WA LTz, 7y
R D0 HIC 7 F ol inzg 5 &, sy
iz i HEOMRMT & CTHA Licd, RSS20
Ix s EEREEe ), €V I Y AFVORDIAZDET
I X e (K1),
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Fig.10. Effect of various steroid hormones on the uptake
of [*H] VCR into the primary-cultured bovine BCEC. The
cells were preincubated in the presence of 1002 M of each
steroid hormone for 30 minutes, and then incubated
with [*H] VCR for 60 minutes. The uptake is indicated
as the percentage of the control (100%). n=4, sk p<0.05.
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Fig.1l. Effect of glucose and verapamil on [*H] VCR efflux
from the primary-cultured bovine BCEC. The cells wer
incubated in the absence ((J—[J) or in the presence of
10mM glucose (M— ). After incubation for 60 minutes
without glucose, 10mM glucose (A—A) or 10mM glucose
with 200z M verapamil (@ —@) were added .to the clels.
VCR retained within the cells was determined at varios®
times as described in Fig. 6. n=4.
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Kartner 5'"®, Hamada 5'", Scheper 5™ %, +h F h
€219, MRK16, JSB-1 &\ 5 PEESICHTSE/ 7 r—F 1
HR M Lic., Zhbe BV R~ EEmBE 2,
I=FUNA TV EL L~ g VIZL D mRNA OEH? 2 &
b, PEEAMECESMEED D Tkl EEERIC L &
ALTuBZ b, Tibb, AT, &, F, K, &
Bis&® 0&ie o, e BHNOBMIME PRI bIERM
EPHEEAORENED bR, MEBHITTFh 4 BIPI5
ROGETABETHHZ L L0, PEEHORE & BMEHE
EOBIEMN R E iz, B S1E, MRKI6 28Tk FNOD
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L™ UL, BOBARIME P ERIRIC 3617 % PREE [ O B
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Bowman 5219834 v ~ Mt b 2B OB ME N EAE %
DO LER Lz, MRMCIBERI BN EAD Z L
BHRELR®, %7, Audus Bi3, TAHDV 7 4 AT 5 & —4
Rr=FNEINF T URARTF F— B & OMEMIMEHE
M A R TR R RIE M ME R T ISR LT LR T WA & &
PRELLY. Lhl, HERCSCTEMOEHENEY S
LB A IelIB 21T - T B L HEE S T B RIRIBRIRE 2 72
VERTORETIR, BESEOBBITTTSTH D MEMME
KERHRBHORBII VW E TR THEY ™ Lin L
B0, MRIEBEME T O P BRI, WX D S8 L BMmeE
NEMIBIC ST A BRI BB, Lo I O mb: & ik
LTABHIASRE R < 70 & OFI A2 H 02, M KEF 0O
BREFL L LcaEETHS.

ERRC BT, v REIH ORBHEMEEHRETIX,

PR A DI IULEM S P B O Rl OB < R
Sbhhkn, EEMARTREORILE . LhL, fF
BETRMOEPEACEST A BRECRELTH Y, Mak
WETIHHRE—HK L. &b, €v 2V AFvORDAXR
FEICB T MRK16 12 & 5 PEEE OESHENE LR T
WiheZ k kb, 2/ 7 v EORNE L PEEANE
ETHERBLNTHE. —f, VARV TRy T4 v
T, Bz v e -k LTHV: K562/ADM O PHEEH
DAY FR5FEL 170D ONBIED SO L, ¥
VHMOEMMEANKMBEOPEZEADO A Y FRAOTFER
130kD OABIHFE LT\, Zhid, PEEADCH FEILE
BRHYEC L ORI oTBHI?, ol i, vYEBOP
BEARY=AZYT R, T, v TS TFEH 130kD
KAV FRRDONDEREINT BN Z L EHIETHEE
Zbhsb.

AR OMatkch 5 P388 © LIRTE DMKk TH S KB
IEWZEV IV ARFVRT P 7 <A v vis EOPEF® v
Tk 2 FE L -Mlakic B\ T, dr vy aiEfHe L+
Ca )V VIHER E VA L, FIEAOMBAEBENS
D, FBHINSRELRE L WO RERIERL D EE R
BT B0 KRR Jou T, FRNER M W E S
ERWTHRKE, e 0RFI X 2 PEEMCT 5EER
BERBDOR. E i, vy AERHFTHED RT3
NECTCE D ABEERIC S\ T, €V 2 Y AFvyOfiaRi
DIAZREREREM L. Zhid, XFAIAREV 2 Y 2F
v EBHUTPEEAR X Y MlRASEHE Shicione, Mg
ROy 2 ) AFvBERHNNCE E -l L #EE I
7z. %7z, ATP OERTHAE7S{EF Vv A, =t R
7z —ERGRET PO BERMOI D IAKRRBRIC BT,
€y 7 Y AF v ORI D AZ SN Lz, Zhit ATP
KEROPEEDOEAHIL AN EE I hicicd L fEE SR
o, 7P ORBORMCIMRNOE Y 2 ) AF VBENMETL
Tohh, ZHIZT Kozl ATP 24 I PHEEONEY
3R, RAH UL TE LD L Bbhi.

PEBEML, FEORIFBKEWTLHRV-BIHLARDLNL T
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T3, TRrFRATavRT A NATFr VI ERHVTYL, E v
ZVRFUYREVTFAF VDR DA ML T 550,
Yang S, PHE&EHICHTAIESRIAT oL KL ey
DOEKME B L, BB G FIHESR LB LR
L™, KR T, OfREERMEMOENEMCETL,
FrraFeviFAFATFR AL DHBROE Y 2 Y -
YO D AZ DI LAz, 194590 Prados & O#E LI, K
EHECH LTS IEDOAT a1 FhALEVRERE IR T
L. EOFERFE, ORMEMORES L OBEFH, Ml
B FBM TTHEDHEIENE 2 BT B B8, (RRARE L
IR ER T Wi, KFRTH, ~f Fra-Fyy, 7
V=Y RY, Fe4agyy, Rz 29V vic FEENES
DibEEFEOBRIC WX LIRS S T w5 3EAIT, Bk
ML, BV ) AFVORYAIIENET, Zhbnik
AR PEELY N LIcHERAIOR D AZERIERIL LW
DEEZ BRI, .

AP FROFERN LI, BEEIBVCR b OT, MK



362 =

BFEER LIS WE VY ZYARFUYRT P 7= vinED
AN, NEMMEREERCKSCTPEEAC I VEHEA
BIENTBI N, 4%, BEKEECH T 5 LFERECE
LT, vy afERHSLHRATE, SUSH O DRMEIN
R ABMIEINTEZ ERHREIRD. LL, DAYy
LEFFCIIAR, BEFRPNERRERSE DD, £
BEPHEEOIERNTS L OCABRELTT S L ELESCTER
B Ef LIERANREIRTWA™ O CTEEA T XETH
3. ¥, NEMMERERROR D AXBINC X b, HERE
SROMAIA MBI A RE, BEO PR ER ARSI
BTHILRLAHEEE ABREIRSE. WThrRLA, 4
%, ENENEBCHK L TEERERT S B, HEROE
HNEMBICRT 5 PEEAOFEXZERIIANDLEL DD L
Bbh3.

% Eol

v U R DR LB E A RO MR EBERRC S
15 PEENORELEBECOWT, E{L¥N, REE&Ly
B, Tob WY BIRBEINCRE L.

1. {bpahie S5O HRBRERILENL, v ROBHMM
P AR L R NERN T NEAROMEC ST PEERD
OREARD LRI, LhL, BRHTCRPEREAOCRETILLL
fﬁiﬂ%‘%ﬁ)ot.

2. ®EBEMCE, YYEBIUEETOWTRICE VT
3, PEEGITEMRIE AR REQ oM REL T
(A

3. PEEHCRTAE, e —F+1H{ETHSD MRKI6 &
MREEEERCMLA &, MEMMTEARMROE Y2 ) A
VDR AT ERECHEM L.

4. AN AERFTHRZ T RIARP, AT A Kk
EVTHAHT L AT VvRTA AT r VKSR PEEAY
FETAERLE LD, ThbrIRERRCMLDE, K
EHIMAEREMIROE Y 7 ) 25 v QR D ARTHEM L.

5. IMEBERERIC ATP OEA YA D &, HEMD
BREMRO Y 2 ) AF vy ORDAZIMEIM L. TO®,
7P UERMC L ) ATP E42ENETHEE Y7 ) AFY
DO AREIEAD Lichd, ZORRIZ~F 03 i X h I E
nic.

6. EXb, PEESE, NEMOETRNEMEICRSTY
v ) RAFVERNEMAES S mERBEAA~ R TEEY R
b, MM EE S LT W2 TSRS 5.

# &

AR L DI, KRS 88 L R EE Y T L BH
INFHMESRCEEOBREYR LT, ¥4, EEOEEYHEEILE
RSB R ST BB His, R BNAFHRE LR, FHE
HhE#E, BLIOEHBEHECER L LET. dbic, REXE/
7 m—F itk MRKI6 & e b &8t @ mFABR B K562, K562/
ADM %#RHET 3\ ¥ LARRARLAREYTRTRERESE,
CRRERET EWE LeSREHERERSARESCESMLP L
EFEd. HRATEPFRLT - cEFBUAEHERAhEE L, b
CIEHIBNTEE & LERARAREREO#EE, RERHUAXHED
BE, BTFHEME Y & - BRRE— Kb O MRS BEEESHY
FEECRHOBEERLET. _

73, APFEo—ifik, #2208 B FEERES (KR, 1991), #50E
BRI SRS (B, 199D, FOMBANEE» 775 v
A (Ffr, 1991) WisWTHRRE L.

X i3

1) Reese, T. S. & Karnovsky, M. J.: Fine structurg
localization of a blood-brain barrier to exogenous peroxidase.
J. Cell Biol., 34, 207-217 (1967).

2) Brightman, M. W. & Reese, T. S.: Junctions
between intimately apposed cell membranes in the vertebr-
ate brain. J. Cell Biol.,, 40, 648-677 (1969).

3) PEPRAME: MEEREERRSADDIC, 2K, 184-1%
H, E¥ER, TR, 198

4) Pollay, M. & Roberts, P. A.: Blood-brain barrier: A
definition of normal and altered function. Neurosurgery, 6,
675-685 (1980).

5) Levin, V. A.: Relationship of octanol/water partition
coefficient and molecular weight to rat brain capillary
permeability. J. Med. Chem., 23, 682-684 (1980).

6) Juliano, R. L. & Ling, V.: A surface glycoprotein
modulating drug permeability in chinese hamster ovary cell
mutants. Biochim. Biophys. Acta, 455, 152-162 (1976).

7) Beck, W. T., Mueller, T. J. & Tanzer, L. R.:
Altered surface membrane glycoproteins in vinca alkaloid-re-
sistant human leukemic lymphoblasts. Cancer Res. 39,
2070-2076 (1979).

8) Inaba, M., Kobayashi, H., Sakurai, Y. & Johnson,
R. K.: Active efflux of daunorubicin and adriamycin in
sensitive and resistant sublines of P388 leukemia. Cancer
Res., 39, 2200-2203 (1979).

9) Hamada, H. & Tsuruo, T.: Purification of the 170- to
180-kilodalton membrane glycoprotein associated with
multidrug resistance. 170- to 180-kilodalton membrane
glycoprotein is an ATPase. ]J. Biol. Chem., 263, 1454-1458
(1988).

10) Hamada, H. & Tsuruo, T.: Characterization of the
ATPase activity of the Mr 170,000 to 180,000 membrane
glycoprotein (P-glycoprotein) associated with multidrug
resistance in K562/ ADM cells. Cancer Res., 48, 4926-4932
(1988).

11) Naito, M., Hamada, H. & Tsuruo, T.: ATF/
Mg**-dependent binding of vincristine to the plasma
membrane of multidrug-resistance K562 cells. J. Biol
Chem., 263, 11887-11891 (1988).

12) Fojo, A. T., Ueda, K., Slamon, D. J., Poplack, D.
G., Gottesman, M. M. & Pastan, 1.: Expression of a
multidrug-resisitance gene in human tumors and tissues.
Proc. Natl. Acad. Sci. USA, 84, 265-269 (1987).

13) Thiebaut, F., Tsuruo, T., Hamada, H., Gottesman,
M. M., Pastan, I. & Willingham, M. C.: Cellular localizat-
ion of the multidrug-resisitance gene product P-glycoprotein
in normal human tissues. Proc. Natl. Acad. Sci. USA, 84,
7735-7738 (1987).

14) Cordon-Cardo, C., O’brien, J. P., Casals, D., Rittman-
Grauer, L., Biedler, J. L., Melamed, M. R. & Bertino, J.
R.: Multidrug-resisitance gene (P-glycoprotein) is expressed
by endothelial cells at blood-brain barrier sites. Proc. Natl




R & IR 381 5 PRERE 363

Acad. Sci. USA, 86, 635-698 (1989).

15) Tsuruo, T., lida, H., Tsukagoshi, S. & Sakurai, Y.:
QOvercoming of vincristine resistance in P388 leukemia in
vivo and in vitro through enhanced cytotoxicity of vincristine
and vinblastine by verapamil. Cancer Res. 41, 1967-1972
(1981).

16) Audus, K. L. & Borchardt, R. T.: Characterization of
an in vitro blood-brain barrier model system for studying
drug transport and metabolism. Pharm. Res., 3, 81-87 (1986).
17) Audus, K. L. & Borchardt, R. T.: Bovine brain
microvessel endothelial cell monolayers as a model system
for the blood-brain barrier. Ann. N. Y. Acad. Sci., 507, 9-18
(1987).

18) Kartner, N., Evernden-Porelle, D., Bradley, G. &
Ling, V.: Detection of P-glycoprotein in multidrug-resistant
cell lines by monoclonal antibodies. Nature, 316, 820-823
(1985).

19) Hamada, H. & Tsuro, T.: Functional role for the 170-
to 180-kDa glycoprotein specific to drug-resistant tumor cells
as revealed by monoclonal antibodies. Proc. Natl. Acad. Sci.
USA, 83, 7785-7789 (1986).

20) Laemmli, U. K.: Cleavage of structural proteins during
the assemply of the head of bacteriophage T4. Nature, 227,
680-685 (1970).

21) Hsu, S., Raine, L. & Fanger, H. : Use of avidin-biotin-
peroxidase complex (ABC) in immunoperoxidase techniques :
A comparison between ABC and unlabeled antibody (PAP)
procedures. J. Histochem. Cytochem., 29, 577-580 (1981).

22) Terasaki, T., Takakuwa, S., Moritani, S. & Tsuji,
A.: Transport of monocarboxylic acids at the blood-brain
barrier : Studies with monolayers of primary cultured bovine
brain capillary endothelial cells. ]J. Pharmacol. Exp. Ther.,
258, 932-937 (1991).

23) Lowry, O. H., Rosebrough, N. J., Farr, A. L. &
Randall, R. J.: Protein measurement with the folin phenol
reagent. J. Biol. Chem., 193, 265-275 (1951).

24) Skovsgaard, T.:
between vincristine and daunorubicin in Ehrlich ascites
tumor cells. Cancer Res., 38, 4722-4727 (1978).

25) Tsuruo, T., Kawabata, H., Nagumo, N., lida, H.,
Kitatani, Y., Tsukagoshi, S. & Sakurai, Y.: Potentiation

of antitumor agents by calcium channel blockers with

Mechanism of cross-resistance

special reference to cross-resistance patterns. Cancer
Chemother. Pharmacol., 15, 16-19 (1985).

26) Tsuruo, T., lida, H., Tsukagoshi, S. & Sakurai, Y.:
Increased accumulation of vincristine and adriamycin in
drug-resistant P388 tumor cells following incubation with
calcium antagonists and calmodulin inhibitors. Cancer Res.,
42, 4730-4733 (1982).

2T) Tsurwo, T., Iida, H., Kitatani, Y., Yokota, K.,
Tsukagoshi, S. & Sakurai, Y.: Effects of quinidine and
related compounds on cytotoxicity and cellular accumulation
of vincristine and adriamycin in drug-resistant tumor cells.
Cancer Res., 44, 4303-4307 (1984).

28) Slater, L. M., Sweet, P., Stupecky, M. & Gupta,
S.: Cyclosporin A reverses vincristine and daunorubicin
resistance in acute lymphatic leukemia in vitro. J. Clin.
Invest., 77, 1405-1408 (1986).

29) Yang, C. H., DePinho, S. G., Greenberger, L. M.,
Arceci, R. J. & Horwitz, S. B.: Progesterone interacts
with P-glycoprotein in multidrug-resistant cells and in the
endometrium of gravid uterus. J. Biol. Chem., 264, 782-788
(1989).

30) Naito, M., Yusa, K. & Tsuruo, T.: Steroid hormones
inhibit binding of vinca alkaloid to multidrug resistance
related P-glycoprotein. Biochem. Biophys. Res. Commun.,

158, 1066-1071 (1989).

31) Ueda, K., Cornwell, M. M., Gottesman, M. M.,
Pastan, 1., Roninson, 1. B., Ling, V. & Riordan, J. R.:

The mdrl gene, responsible for multidrug-resistance, codes
for P-glycoprotein. Biochem. Biophys. Res. Commun., 141,

956-962 (1986).

32) Riordan, J. R., Deuchars,K., Kartner, N., Alon, N.,
Trent, J. & Ling, V.: Amplification of P-glycoprotein
genes in multidrug-resistant mammalian cell lines. Nature,

316, 817-819 (1985).

33) Roninson, 1. B., Chin, J. E., Choi, K., Gros, P.,
Housman, D. E., Fojo, A., Shen, D., Gottesman, M. M.
& Pastan, I.: Isolatiion of human mdr DNA sequences
amplified in multidrug-resistant KB carcinoma cells. Proc.
Natl. Acad. Sci. USA, 83, 4538-4542 (1986).

34) Gros, P., Neriah, Y. B., Croop, J. M. & Housman,
D. E.: Isolation and expression of a complementary DNA
that confers multidrug resistance. Nature, 323, 728-731
(1986).

35) Gros, P., Croop, J. & Housman, D.: Mammalian
multidrug resistance gene: Complete c¢cDNA sequence
indicates strong homology to bacterial transport proteins.
Cell, 47, 371-380 (1986).

36) Chen, C., Chin, J. E.,, Ueda, K., Clark, D. P,.
Pastan, 1., Gottesman, M. M. & Roninson, I. B.:

Internal duplication and homology with bacterial transport
proteins in the mdrl (P-glycoprotein) gene from multidrug-
resistarit human cells. Cell, 47, 381-389 (1986).

37) Scheper, R. J., Bulte, J., Brakkee, J., Quak, J.,
van-der-Schoot, E., Balm, A., Meijer, C., Broxterman,
H., Kuiper, C., Lankelma, J. & Pinedo, H. M. : Monoclo-
nal antibody JSB-1 detects a highly conserved epitope on the
P-glycoprotein associated with multi-drug-resistance. Int. J.
Cancer, 42, 389-394 (1988).

38) Sugawara, 1., Hamada, H., Tsuruo, T. & Mori, S.:
Specialized localization of P-glycoprotein recognized by
MRKI16 monoclonal antibody in endothelial cells of the brain
and the spinal cord. Jpn. J. Cancer Res., 81, 727-730 (1990).
39) Panula, P., Joo, F. & Rechardt, L.: Evidence for
the presence of viable endothelial cells in cultures derived
from dissociated rat brain. Experientia, 34, 95-97 (1978).

40) Bowman, P. D., Ennis, S. R., Rarey, K. E., Batz,



364 =

A. L. & Goldstein, G. W.: Brain microvessel endothelial
cells in tissue culture: A model for study of blood-brain
barrier permeability. Ann. Neurol., 14, 396-402 (1983).

41) DeBault, L. E. & Cancilla, P. A.:
transpeptidase in isolated brain endothelial cells: Induction
by glial cells in vitro. Science, 207, 653-655 (1980).

42) Tao-Cheng, J., Nagy, Z. & Brightman, M. W.:
Tight junctions of brain endothelium in vitro are enhanced
by astroglia. J. Neurosci., 7, 3293-3299 (1987).

43) Pardridge, W. M., Triguero, D., Yang, J. & Cancilla,

P. A.: Comparison of in vitro and in vivo models of drug

7 -glutamyl

transcytosis through the blood-brain barrier. ]J. Pharmacol.
Exp. Ther., 253, 884-891 (1990).

44) Audus, K. L., Bartel, R. L., Hidalgo, 1. J. &
Borchardt, R. T.: The use of cultured epithelial and
endothelial cells for drug transport and metabolism studies.
Pharm. Res., 7, 435-451 (1990).

45) Lieberman, D. M., Reithmeier, R. A. F., Ling, V.,
Charuk, J. H. M., Goldberg, H. & Skorecki, K. L.:
Identification of P-glycoprotein in renal brush border
membranes. Biochem. Biophys. Res. Commun., 162, 244-252
(1989).

46) Ichikawa, M.,
Sumizawa, T., Nakazima, Y. & Akiyama, S.: Glycosylati-

Yoshimura, A., Furukawa, T.,
on of P-glycoprotein in a multidrug-resistant KB cell line, and
in the human tissues. Biochim. Biophys. Acta, 1073, 309-315
(1991).

47) Ichikawa, M., Yoshimura, A., Sumizawa, T., Shudo,
N., Kuwazuru, Y., Furukawa, T. & Akiyama, §..

Interaction of organic chemicals with P-glycoprotein in the
adrenal gland, kidney, and a multidrug-resistant KB cell. ],
Biol. Chem., 266, 903-908 (1991).

48) Kamimoto, Y., Gatmaitan, Z., Hsu, J. & Arias, |,
M.: The function of gpl70, the multidrug resistance gene
product, in rat liver canalicular membrane vesicles. ]. Biol,
Chem., 264, 11693-11698 (1989).

49) Prados, M., Strowger, B. & Feindel, W.: Studies op
cerebral edema: 1 Reaction of the brain to exposure to ajr:
physiologic changes. Arch. Neurol. Psychiat., 54, 290-300
(1945).

50) #ABET, B 48: MEREEORT R A FRE. SFE
=, 18, 2478-2492 (1963).

51) RAHE=, Bl B: REELAT= 1 F. MEAR,
5, 219-225 (1976). -

52) Ozols, R. F., Cunnion, R. E., Klecker Jr.,, R. W,
Hamilton, T. C., Ostchega, Y., Parrillo, J. E. & Young,
R. C.: Verapamil and adriamycin in the treatment of
drug-resistant ovarian cancer patients. J. Clin. Oncol, 5,

641-647 (1987).

53) Pennock, G. D., Dalton, W. S., Roeske, W. R,
Appleton, C. P., Mosley, K., Plezia, P., Miller, T. P. &
Salmon, S. E.: Systemic toxic effects associated with
high-dose verapamil infusion and chemotherapy administrat-
ion. J. Natl. Cancer Inst., 83, 105-110 (1991).

Role of P-glycoprotein in the Brain Capillary Endothelial Cells Yasushi Takabatake, Department of
Neurosurgery, School of Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med Soc., 101, 356 —364 (1992)

Key words P-glycoprotein, blood-brain barrier, brain capillary endothelial cells, chemotherapy, multidrug resistance

Abstract

P-glycoprotein (P-GP) is a membrane glycoprotein known to be associated with the multidrug resistance of tumor cells
against chemotherapy. Several lines of evidence indicate that P-GP participates in eliminating anticancer agents from the
tumor cells with the aid of adenosine triphosphate, and that its function is inhibited by calcium entry blockers, calmodulin
inhibitors, steroid hormones, and other drugs. Although P-GP has also been found in normal capillary endothelial cells in the
brain and testis, its function still remains unclear. In this study, the expression and role of P-GP in bovine brain capillary
endothelial cells (BCEC) were studied with special reference to its relationship to blood-brain barrier. By western blot analy-
sis, P-GP was detected as a main band of 130 kD in isolated BCEC. By immunohistochemical and immunoelectron micro-
scopic examinations, P-GP was expressed at the luminal side of BCEC. In primary-cultured BCEC, P-GP was detected dif-
fusely in the cytoplasm when it was stained using anti-P-GP monoclonal antibody MRK 16, which recognizes an epitope of
the extracellular region of the protein. P-GP, however, exhibited granular distribution when using monoclonal antibody
C219, which recognizes an epitope of the cytoplasmic region of the protein. By immunoelectron microscopy of primary-cul-
tured BCEC, P-GP was localized at the luminal face of the cell membrane. In a kinetic study using primary-cultured bovine
BCEC, vincristine uptake showed a significant increase by the addition of not only the MRK 16 antibody but also the calcium
entry blocker (verapamil) and steroid hormones (progesterone and testosterone). Metabolic inhibitors (sodium azide and 24

dinitrophenol) also increased vincristine uptake in the absence of glucose. When glucose was added, vincristine uptake

decreased, probably due to activation of the P-GP efflux pump as a result of ATP production. In summary, it is strongly sug-
gested that P-GP has an important role as a component of the efflux pump at the luminal membrane of the BCEC.
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