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WFFERR R O (3£37) : The blood-brain barrier (BBB), a member of the neurovascular unit
(NVU), functions in communication between brain capillary endothelial cells and other
neighboring cells such as astrocytes and pericytes. Many drugs that are currently under
development are intended to act centrally, but they do not cross the BBB. Furthermore, the
crosstalk between the BBB and related cells contributing to the NVU remains to be
elucidated. Based on our breakthrough in using rat primary brain capillary endothelial cells,
pericytes and astrocytes to create a triple co-culture BBB model (BBB Kit), an in vitro
models for screening the BBB penetration of drug candidates and research on BBB
pathophysiology, we succeeded in modeling the monkey BBB with primary monkey brain
capillary endothelial cells, rat pericytes and rat astrocytes. In addition, we constructed a
porcine BBB model consisting of porcine brain capillary endothelial cells, rat pericytes, and

rat astrocytes.



(BEEHAL - 1)

[ERESEN LiEESE & &t
2010 £ 1, 700, 000 510, 000 2,210, 000
2011 4FJE 900, 000 270,000 1,170, 000
2012 900, 000 270,000 1,170, 000
FIE
FHE
it 3, 500, 000 1, 050, 000 4,550, 000

BFgesyr B« [E 3k
B O « fE - JLEEES « K
F—U— R X - REEARE, i ik BE

1. WHEPHAR SO 5

MBS RS (Blood-brain barrier, BBB)
I, AR RICIER T 2 3 O INEA T
VEERET D, In vitro D FEER THELMN
R INTALEYE . BBB @i L Coh¥E
BTN IZRBAT L2 USRI A 0 1572
VN, FRRRHE IS 2 PRFE R R LI O a1 A
HEEFT 2 &0 9 AR BIFIREREDS . I D
BN ~OFEAT 2 BRE L A/ E 3K O B
AN TWD, L7 >T, EED
BBBHRE % in vitro CH-EL L 7= M Ak BE FY
(BBB) Bkt (BBB v ) 1%,
PSR L B R I B 1T B AR 2 KA R G
DI=HDEBERFRARML L, FAXIRIE
IR OMNEA TS O BBB fRi#
VEH % B8 D B BRE T I 5 72D DA
Y — L E L THEMHTOhD, il G~
L7 > N OWMREEFR MK 0L PN R A
TA YA b, RUSA FEHOHR
D 3 MR in vitro BBB £V
(BBB % v k) OBRFICHE LEME LT,
AR AR B IC 2 D AL OIRFE T, Y
A E ORNEATHE B B 07— &
X, o7y MUBBB v hMZkb
ARG V== T THLNDN, IROBEFED
U — NMEE#REL & e b O FE T,
XV Efzoe M, Lo e MZaElL
CREHOMIEOERRIZ X 58 BIERN
VBT, B MK D15 S 72 ML
BNEMIIE, 7 A oA R RO YA
kN CHER Sz e R BBB %> R SME
THDHN., ZHOMABITEIZ TR A &
LTHIRSNTWDEIT T, B MEnbo
LEEW e B O EAE & RSO R
X, EAMEREOESESTFORMER ED
PR C, BIEE Tk MEEMIAE Wb
N BBB %> MIFER STV R, b
~ ES filfn<e iPS fifiu s 5 O HER) 7 BBB
AIREASOEFHE & RTZER ST 220

Wi TH D, F7-. b MBI PR
fa & AFEAL U 7= filakk hCMEC/D3 73 é 5
N, T v MR (RBE4, GP8.3) &
FkE, #A4 FY v 7 ar (Tds) &
9 BBB #pE & B LIEH T 220,
FIT, BxDOT v NEEIZ L DHEEER
BBB v OB E Y (=7 A HL)
DFFERE D2 TE LT BB 72 48 2315 S 4
L RN~ 722 b (RN EtE GMI (f
i), &t U Y—F (k)
ZEREIC, B ML viEfl L7z 9 % BBB
X v MOERCA B LT,

BRIEDOEY DOMNBATHEEZMRET S In
vitro BBB AT T LV OMmE LT, %
DOFIMEME > B ASFEA LA T LS PN BRI AR kR

(RBE4, GP8.3, hCMEC/D3 72 &) %

b LIS O a R F Sk ofilakk (ECV304,
Caco-2. MDCK) NAWHNTWAR, =
S OHIERIL BBB OMRIEN 72 B R RE
ThiHrEA "Ny vay (Tds) #F
9. A2 BBB B & &m0
2N EDORBZERDI ENS AR
MEEAZ I L7~ BBBETF /L LT W<,
Y OHMNBATHER I AEY) TH 5,
WIS &2 =T 2 ORSBERN 72 T o
N BBB % v AL Z AL, BIZEOHIH
A7) —=r T E L0 BRI T DT
PLToh D, SbIT, ROART v T DOIFZHE
L DR IAB D BT, ¥/ BBB (i
4 FHu = BBB v b23diuE, kb
EALD In vitro EBicR & LT, BSEED
X5 RICICEWRT D, RIFFIZE 72,
EREOT—FAINEDORNEES S, BAFEE
TEIZ, Ty MROTURATEHEINTE
BBB N7 AR—HF— FA NI
BN RBRI EORI T 0T 7 A
VIR EIBEIEEZINZ D FENEED,

WAALEL L L CoH A% BBB v F®
BIZEA~O IR 72U KD BTV,



2. MEOE®

M fiMEERY  (Blood-brain barrier, BBB)
T 2 OMNBATE 2 RAET 5729
D LV EHE 72 AR IR R ML T D
7=z, =7 A% N (Macaca irus &
HAF AR ofMilaz vz 5
BBB in vitro FEEET v (/1% BBB
X b BEETS (K1), ik, Fxlx
HRCHID T 3FEOMI B S T » b
R BBB¥ > B LEMMELEZ(X2),
Z® in vitro BBB EF L CELNT-T —
Z b NIRRT~ RBEIEL2D
Wi, WORT > 7 ¢, AL ThEe MR
flL7= BBB v h TOT — X EFIMNLE
Thsb, Af5EiE. 7> F BBB ¥ D
SEAK A FEEEIS . VRN & O R O 5y
BEE L BERE A fENT L. B PRA 7R BE R AL B
I T DAY — L & L ToY LAl
BBB %> BT AZEEHBE LT,

3. WHEDIIk
FILBREAR, <UY (b, TR A S ONREE S

=R :ag/lt
/ X

Ry
MR sg FArOY A+
35g | 2
;T REI T 1
BB, <HLERRRE !
! i BRI BERALIE (Papain)
B BRI (coll CLs2)
o 3l Echacs, colageriee v
collagenase CL52) |
20%BSA Poly-L-lysin coated
20% B5A et 75cm? flask
| 2~3 weeks
ERnE

|
Coating(-) 100cm dish (p0) ¢ pcylture
| 1week

Subculture (p1)

(collagenase /dispase)

Percoll B EHRTEL
S, IO TRE

subculture(p2)

BEBEFIL

BBB = v s ORERERE

a) X4 bV ¥ 7Y HRE  EVOM &4

PP &2 F W72 RN B ST
(transendothelial

electrical resistance, TEER),

kXA NV T v a URERRIR, STIREREE

ENEER R MO TEER TRAM S 4,

150Q - ecm2 LA 23 BBB fifi & L C oo kL

Th b, (Gillard PJ & De Boer AG, EurJ

Pharm Sci 12:95-102, 2000)

b) A "Nox T ar BN IE
(claudin-5, ZO-1), F T > AR—H —
(p-glycoprotein) 72 & BBB Ry & >

INTBEDORBL, ¢) b L —P—& - HEE
gt (LA b L—H—% MR
Wik, b7 v AR—Z —HkE Rt Liz,) .
1) AIEREBRENL: ; sodium fruorescein,
14C-sucrose, i) GLUT-1 ;
3H-3-methyl-D-glucose, iii) MDR,
BCRP;rhodamine 123.iv) MRP; BCECF,
v) ANV — KK, Dil-acetyl-LDL
DOHUAR, FHwfFEE (Pe) %
1/PSe=1/PStotal-1/PSmem X V & L7-,

L BBB 3 v R KB BEEERY O
IThEE

W ORNBATIER EIX BBB €7 /1D A
> — N NAE (U ) (A &9 & A,
— ERFEPNIC N S O Y Y1 R DJE
ZEimL, 7 L— hO v o VN (IESEEM)
IR CE LA REZHAE Lz, &
EREOREENS HRMEER B L, 5
b -Fmiateskt 7 MU BBB v T
BoONTHFEEONEB LT —FX—2X
L L7z,

H/L7 BBB % ~ + & hCMEC/D3 7! BBB

v b

FB Xy N OREEES T A FEAR A

hCMEC/D31Z k& % BBB = v b Z{Eak Uik

BEMREEZITo T2,

b bR SEAL K E I & N R R B R
(hCMEC/D3) (k3 2% /L7 A haHA
k&Y Y14~ BBB #FiE %) R A E

2=L7,

4. WFFERE

Ferx DEZR LU=k in vitro B K
E7 /L (BBB v ) (FriFs 5113332 &
Rk 24 5210 A 19 H KOV 5105905 52K
24510 H 12 B) 2R CEAT S
728012, IV B ORNERA 72 I A if.
IR, Y YA FBIXOT A hed
A bOSyEERIHEEZRA, I hE TloFx
DFESL L CE 72T » MR Mla H of
v B V5 20 0028 L C N R A o0 AR 45 B
R GEEMNL LTz, BGICTH D03, HE
M3 =7 AP LOfHN (BEE 62
g) X 0 EREMY & U CMALRE 42 ¢ 25T
35 g MO MMM E N (5 g lTAK~
VY%A BN 2giZ7 A Mt A FH)

ZHHER L TR B 21T o726 2 A,

B2 4 A BT 21.6 x 106 DML S B
Too 2MEEEFRAEE OHERR T, K& 1 A
H X v ik S (BBB) DR HERIFE = o 1
DTHIHEA Ny 7 ar (Tds)
RHE & BT B RN E S HT (TEER)

%, B53% 1 A H CREICRE 7 Tds Bk & R
9148 Q - cm2 L EMET. DARENEGRIC B



FLURE#3IBHET 250 Q - cm2ZE#E LT,
P LTy MR YA FBIXOT A b
B A N ONEIME N Alld~0 BBB 4
REREMEH OZREETT S I 3RaI T,
2 JERE R BEE & A - 5% 2 (BBB &% v
F) ToOTEER (%#% 4 B H) 1£900Q -
em?2 Z 2R L7z, P-gp B6RED Tds &# /X7
DTH5 claudin-b & ZO-1 ORNEHARIZ
A MR L RS B S | BRIE 72 Ts £
REZRIHEMTH o772, L#lld BBB
v b THELNT-FA O BBBEE A D .
in vivo OINBITIE L —3 L Tz, b

4 = A 0.7 PR B MR D RS A 1 2 ST L

Z v MERUH A PBELOT A hatA b
& OILEEE THERENY 72 BBB & v b A B4
L7z,

SHA W VN B I AE PN R AR o )R B
BIEIZHESLS, Ty MUY A FEB X
NTy M7 A rad A ~Eodtigs
ek U 7= RERERY 22 ¥ L in vitro BBB F
HRET /L (BBB F v ) OREEERE &
M ORRNBATHERE X 1T To, MV H
A FTxr 7V (Tys) BEEE (BN RZ
EBEIEHT200Q e’ LA E) & Bl
Tjs &% > /X7 & (claudin-5, occludin,
Z0-1) . b T v A KR — KX —

(P-glycoprotein) DI N1&E LT,
L — % — (sodium fruorescein,
4C-sucrose) & F U 7= il i F s i 25 |
3H-3-methyl-D-glucose % F\ 7= Hi s
FAREHE. rhodamine 123 (2 X 5 P-fE 4
YN ORE L, BR ORI R Y
¥ —ZREOMHFR (Dil-acetyl-LDL D HL
AFR) IZHOWT, 7 v MU BBB ¥ v
Erbig et L, ElR S OEE 2 M L
72. BBBET /DA o — NN (I
el b aE A, — ERFRFRINICN
BRI R A o E@Eim L, 7
L— DT VN (IESEFEMD (ZmiLH
T X TIEWIREE 2 E U CIMNEB T %
e ® L 7=, caffein . antipyrin .
L-phenylalanin, & sucrose @ BBB
ZFiEteE (Papp) 1L, 7 » i BBB %
v N THE LI Papp & R <HHBIL TV
7= PWEX X7 1B 53 % verapamil,
cyclosporin A . digoxin ¥ X O
Rhodamine123 T, ¥ /1% BBB & v
T, XV &EEZ: Papp &N, P-
WS X DB LRI FEBN T o Wk &
ERTEHEERIFEIRESINL TV D
(Ohtsuki et al.2011) OT, 5%, HEEL
O THRETZFET 720,

BBB ¥ v & L TR AA in
vitro BBB BHLRADESL CX I FHMER
T&e, £, PABIOT v Mg~
YA NEYNLEBLRT Yy N T A hatA
ko 3L XA e MMM

3. HIMES

R hCMEC/D3 i~ BBB FERES
R AZBRB LN, Wb AER
BBB i IR S e oo T,

5. FERRFImLE
(WFFEARFE | BP0 008 ) ONELEE AT
FEHITIT TR

estams)  (BF6 1)

1. Yoichi Morofuji, Shinsuke
Nakagawa, Gohei So, Takeshi Hiu,
Shoji Horai, Kentaro
Hayashi, Kunihiko Tanaka,
Kazuhiko Suyama, Maria A. Deli,
Isumi Nagata, Masami Niwa.
Pitavastatin strengthens the
barrier integrity in primary
cultures of rat brain
endothelial cells. Cellular and
Molecular Neurobiology
30:727-735, 2010

2. Maria A. Deli, Szilvia
Veszelkaa, Boglarka Csiszara,
Andrea Totha, Agnes Kittel,
Maria Csetec, Aron Siposc,
Aniko Szalaic, Livia Fulopd,
Botond Penked, Csongor S.
Abrahama, Masami Niwa.
Protection of the blood-brain
barrier by pentosan against
amyloid— f3 —induced toxicity.
Journal of Alzheimer’ s Disease
22: 777-794, 2010

SL e N

FRRIESE. 4B P A A i€ 7

IV EREREfRB~DIE . 47 A1

IR 9(3): 17-25, 2010

4. Andrea Toth, Szilvia Veszelka,

Shinsuke Nakagawa, Masami Niwa,
Maria A. Deli. Patented in vitro
blood-brain barrier models in
CNS drug discovery

Recent Patents on CNS Drug
Discovery 6:107-118, 2011

5. EvaHellinger, Szilvia Veszelka,

Andrea Toth, Fruzsina Walter,
Agnes Kittel, Monika Laura Bakk,
Karoly Tihanyi, Viktor Hada,
Shinsuke Nakagawa, Thuy Dinh Ha
Duy, Masami Niwa, Maria A Deli,
Monika Vastag. Comparison of
brain capillary endothelial
cell-based and epithelial
(MDCK-MDR1, Caco—2 and
VB-Caco-2) cell-based
surrogate blood-brain barrier
penetration models. Eurpean



Jounal of Pharmaceutics and
Biopharmaceutocs 82: 34-350,
2012

6. Shoji Horai, Shinsuke
Nakagawa, Kunihiko Tanaka,
Yoichi Morofuji,

Pierre-Olivier Couraud, Maria A.

Deli, Hiroki Ozawa, Masami
Niwa: Cilostazol strengthens
barrier integrity in brain
endothelial cells. Cell Mol
Neurobiol 33: 291-307, 2013

(%) Gts )

1. %5 83 [l H AHKER A2 4F 22 2010 42 3 H 16
H~18 H KIEE =Y (ORBR)

S Nakagawa, MA Delil, DHD THUY, M
Sagara, N Yamada, K Tanaka, M Niwa.
Development of in vitro monkey BBB model

2. 13th
"Signalling at the
Blood-Tumour Barriers. 2010 49 A 2 H ~4,
Zurich. An In vitro monkey BBB model. S
Nakagawa, MA Delil, DHD Thuy, M Sagara,
N Yamada, G So, R Tatsumi, K Tanaka, M

Niwa

International ~ Symposium  on

Blood-Brain  and

3. #55[A] Japanese Consortium for Age-related
Neurodegenerative disorders (J-CAN 2012) .
2012408 H25 H NEMZ7—A N7 4
F 2 v E V(B EER)

In vitro [MiENXBIM g€ 7 /L (BBB ¥
> ) % V7= BBB HSRE D fEHT
HIEAT, PREPITESS

4, %5 14 ESHEEE S VR T A 2012
FEO0OA3H~4H L7 Ty v 7 BEF(L
FLIL)., MBI In vitro FAERET L
(BBB & v I). HJIIEST, MA. Deli, DHD
Thuy, FHREHZE, HYHZ, FPNIESE

5. 55 24 [B] A AR B UEafh ., 2012
F1ULABH~9H V—AmrAYLET/
IR ORI . MmEEEM In vitro P4
RET /L (BBB ¥ 1) LHEREMRET~0DIE
M. FJIES. MA. Deli, DHD Thuy, fHE
HWZE, HPRE, FHPIESE

(X&) Gofh)

(PEZEI PEFE)
OHiFER I (G0 1)
BALP

OBk (Gt o 1)
BALAP

(# Dfih)
R B s
BTN

6. W7
(1) WFgefRFess
FFI TEZE (NIWA MASAMI)
FIGKY: - REREWREZLREHAETR -
i
WFgeE 25 1 20136641

(2) WFge s
BN

(3) HHEAFIEE
HH #8E2  (TANAK KUNIHIKO)
FIGEKY - REREEREZRESHER -
HEHIR
WF9e43 5 80380955



