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astrocyte growth medium
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breast cancer resistance protein
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AN RS SR  (central nervous system, CNS) JRAEJREHK OB IL, EHICED
KNDT D 7% &AL OF BRI & bl U Clithfe R 3 il Y, 20RO 1
2L LT, IMmiEKEar (blood-brain barrier, BBB) OEfENRH V. A L 0 o
ERENL TH D & MM OSEMIRE FRINARETH D Z L BNB¥TFoNnb 2,

BBB D il S0 SEAR LI & N B2 /. (brain microvascular endothelial cells,
BMEC) TH DN, ZDEMIZIZRY YA +2¥ BMEC OFEHEZE I L OIIFEL T
Wb, IbiZ, XYY A FOIMIIET A Rt A RO RERNEY [T X O IT(FTE
L., Zin 3 FEOMA HAHRICHERET 5 Z LIC XV . IKICRA O ML #EE & FE AR
L.BBB & LTHEEL T3P (Fig. 1a) .

BBB (3. AHAHAE & FAXARRER 2 MR T OB TH Y . RS DI ~DR
ITZEEEICHIRT 22 L2k 0, MANOEFEERFICEEREE ZH>TnD, 2
DX RHIREZ T 2WEICITEL OEE LB ZENLTEY, Table 112 DFE
#l% <9, BBB IZH T2 EFZ WL, MiaMEZ4E (tight junction [TJ] ¥ L O
adherence junction [AJ] ) ICXDMHEAINY T & R T U AR—F =R FIRIZ &
2B 72T L0 BB ICHIE S hTnwd 49 (Fig. 1b) o BlxiX, Bv A >
BMEC [A (%, claudin-5, occludin 3 X O zonula occludens 1 (ZO-1) 72 &Ed TJ
FH'E X, vascular endothelial-cadherin (VE-cadherin) 35 X OFjunctional adhesion
molecule A (JAM-A) 72 D AJ EBHE D 72 DM S K v #7728 7 2T
BT %, ZO/NY THERRICE Y . MBAERZ I L7 E OMABATIZRY 722 < /i
BRICHIBR =1 TH Y . EERIZEHIKS DK 98%., mim M DIZIE 100% 1%
BMEC M OAIIEMRZBiE L2 EREI WD 7 ¥ Zo7-, BBB 128
T AMERBATIZE WD CIERHI RS 2 LB R & e D, T ORIl ERg & L
T, FEWOREEMEIKAET D ZEILHRRE S, b7 U AR —F = BRI E O
kR A E AT Lo ReBEis R N m o T b,

¥FlZ, BMEC (23817 D R4 Ot AL, N ~OZIR 72 EBITICEE /o &
HEzHSTWD, filE LT, MIIHUHEADORERTHL I Va—A, TIJBBLY
HE iR DEL Y IAFZ1X, solute carrier (SLC) BLDEL Y AL kT v AR —Z — )3 5
L, ZofR&EFELTITVa—RA NT AR —%—1 (glucose transporter 1,
GLUT1) | LBI7 X /b7 AR —%—1 (L-type amino acid transporter 1, LAT1)
BERY YU UIEE 7 v AR —%— (the major facilitator superfamily domain
containing 2A, MFSD2A) BEI LN TW5, E-UFE, £ 040 FERITRFEE TlE
HLHDD, HHMD T F A MEY DN IAHZH ) b T AR—2—L L
T, W7 v b/ G¥ T4 T FKR—%— (proton/organic cation antiporter,
H*/OC antiporter) 2 ESNTND Y, EHIZ, A VAV R T AT 2 U U7
EEMRNICTFAET D@0 T OMNELEIZIE, A A Y U2 F K (insulin receptor,



INSR) R°h T 27 = U 544K (transferrin receptor, TfR) 72 & D5 AR (EME
NZ U AYA b= ANREE5T 5, — 5T, BMEC OTEEEMICIE P-HiERE (P-
glycoprotein, P-gp) I L UL R EE A& (breast cancer resistance protein, BCRP)
7¢ & Lo 72 ATP-binding cassette (ABC) D ~ T AR —F —N{F1EL, BN
~DFEYDRAZR SEEZHSTWDHZEBRMLNTND Y,

ZDO X HIZ, BBB IZHEMDOMNBITZBEICHET D2 Lnh, EELDOIER
FEMRIZB W TEM{L S O BBB &t 2535 2 &1k, b MEWEIE THIOH]
SRS XA HEDIEE Th D, LU s, Eiko X 5 22 #H:7: BBB Z%&if
FeAE % . S NERO B2 B L RO E O 20> B in silico TTIT 5 Z L3R T
NEETHDH, —H T, b MNUNOIEWREZEHENET 22 EIMREATHY . W
A2 MBI A THEM R EHESICORER DD, LR T, ZThbOfE%E
iR 3 HF =72 7k LT, b MNENIEMIREZ L0 il oiBE R < in vitro T
WF 2 FEOWSLNEENTEY, 2O L5 FED1>EL LT, in vitro BBB €7
JL L AR FREEH Y E G (physiologically based pharmacokinetic, PBPK) &5 /L %
WMAEDLEEZT 7 u—F R REINTWD,

PBPK E7 /L%, & MIBITH2EDOENBRETFHICHLHIN a2 Ea—H—
AT 2 W EPENEE L S 2 L — g U CTH Y| AENRIER GEMkER, A,
MmytEESE) & IEYEREARER Wk, B, JaltSE) Z2/MA6 08 TEEUTE
ELIADZ LICEVEERTE D, ZREHAWDZ LT, MEEDE b CEENEN
#7240 T b 2 OFRE T OEMIRE TN FAIRE L 725, PBPK E7 LVOH T,
RPN K TN L 7= 5 L & LT, CNS-PBPK EF LR ERENTNS 10
CNS-PBPK E7 Vi, KAk & ko a2 o X— s X R BAgRk S v, RAEES
I/ = F A2 R TR T D DITx L, BMPIEAERERICE S EED
T N—= A RNTRIBT D& T, AL ST 2 3l 2 55 a £
D, LMo T, 2 CNS-PBPK &7 /WK & B 2 ARG & Sy Bhie
A DEAEREZAN LTI 2ab—a 2175 2 & T, b MURNEDEE D
TRIZSFIRE & 72 D,

CNS-PBPK E7 /WEEIZIW T, AREFHRITELICE < 226 OEBFAINIZE) & B
HNEINTEY, XEEWRMOATFAIEETH D, —FH T, b MEHNIREOEHE
IFHEFEAFTER2NWI b, Yo NENBITHEEFH®RZAFT L2 L3
TEELV, £ZTin vitro TEWOE MENBATEEERE UG T 2 EHRY—Lr e L
T. B b BBB T /VOENED HILTWD, BBB 7 /1L, KD BBB % in
vitro THE LIZMIET L THY | KRETANLHELNDEMOIMBITIE T A —
4 L BEAMDOARIERIZHE-SE CNS-PBPK ET LV &HET 52 LT, B K in vivo IZ
BT OWMANEMIRELZ TR ENAREE 2D EHIfF S TWD (LR, KT
7 —J % BBB/PBPK i & #:9°%) . BBB/PBPK {EHESL T UL, ZhEBY I OZNREY
7R AR R R BT RO NMEE T 5 LIS NS, L L, EFEfkx



ek BBB ET VOB NRALALNLTWAE DD, ZivE TIZ BBB/PBPK {£D%
BHESLEBATEEMEIC OV TRE SN HREITHFEL R, ZhEH LN T 572D
121X, £9°t - BBB #HIMEICHELT S in vitro & b BBB EF VAT HZ L, &
LITIZEDET VN ELNTZEYORBATIE T A —203, EOREE | in vivo
Z LT\ by (IVIVC, in vitro—in vivo correlation) ZBA 5 E 925 2 ENMET
b5,

CLEZMSE 2 ARBFZEClE, #7272 in vitro & b BBB £F VOB L OEDOET
N RHWTEYORBITIE T A—2IZB8T 5 IVIVC ZH6hET 52 L1280,
BBB/PBPK {54 H\W /8772 b MIMNIEMIRE THVEEO SR AL+ 2 & %
HEOE L7z, ZhETlo, WAMICENTZt R AR BBB €7 /LOREIZMIT T,
BBB %=##ik79 % 3 flidt ~ARSE(L BBB fMildd 5 5, BMEC KO U H A FdE K
RIEACKIRA BN S Cng 112 LanL, x ORISR0, &~ BBB ©F /L
FUCHM T A brt A Mk E FARFEGIIZ DWW TIE, ER R0,

ZZTCETH 1 ETIE, B MMEFET X bat A M REEORALBEE %
BATHZEIWCED, B RASEALT A bat A REB L, £ OMIarREMNT 2
o,

BT, 5 2 ETIXIh b oMlazflas o 3 fttii#Ee ~ BBB €7/ (a
human immortalized cell-based BBB model, hiBBB) ZH#%E 7=, £7-. #EL-
hiBBB OEEERIRIE A G E T 572012, & MIfE:#E BMEC (primary human
BMEC, prHBMEC) % /=t ~#J{t BBB =7 /L (primary HBMEC-based models,
hprBBB) & DILEHRFEZ I Z -7, S HIZ, #H%o BBB @i h/FEEm Ity %
A7z in vitro Bl tEiRER & 3 Z 72\ hiBBB O3 i1 THEFEAl~D i T IC o
UNTTHRRE L 72,

BBICH 3 FE I, 5 2 ETHSE L7 hiBBB 2{tFEAM7st h BBB 5 /1L LT
vy, BBB/PBPK {EREZEIZ AT T2 MR T N T A —ZIZB3 5 IVIVC fi#tr & %
ol B NIRRT —2EHWE by T XTI =TI S &, CNS-PBPK
BT ANGHEE LTz in vivo & MEBATHEZEENME ST A —4% & hiBBB /b4 5417z in
vitro & MNEBATIEZ RS T A — & OFEEEZf#HT L, BBB/PBPK D24 Ek L
FHAREMEIZ DWW THREE L 7=,
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Fig. 1 Structure and functions of the BBB
(a) The structure and cell associations at the BBB. (b) Routes of transport across the

BBB.
Table 1. Representative drugs and mechanisms responsible for their BBB
permeability
Mechanisms Drugs
High passive permeability Propranolol
Phenytoin, Quinidine, Risperidone, Gabapentin,
P-gp Desloratadine
BCRP Dantrolene, Methotrexate
LAT1 Gabapentin
H*/OC* antiporter Pyrilamine, Memantine, Diphenhydramine

Low passive permeability

Atenolol, Cefotaxime, Vancomycin

11



H1E
b MRFELT A b a A S OB E & OBEREMEHT

F1HE e

TA MY A NI, MNICEFEET D7) THilao—EThh ., 2ROMEEES
AT D ERBMEE XN TWD, FRMRERIZEBWNWT, 7 A Mo ME
B HEDOLOIHIIE & i, FOEFRFRIERENIZEICEDS, #lziX, 7 A aih
A MECHBT A2 OMRIBIEWE N7 VAR—F =L, FVEI VBT T /v
VI EOMBRREYE NI AT Z 2K D, 2 b ORI A
HOZENFHLNTND B8 X5z, 7AYo MIEERFE20 Ly 7
MWEEIZ LY BMEC I2BF 2FAEM G DI b T 0 AR — 2 —ORERE & i1
5 Z LIk, BBBHEREDTZAK & MEFFCMAADEEI 2 K7 LTH Y | in vitro BBB E
THARERIZBNTS, TAMrt A M EHFERT L2 L1280, BBB E7 /LD
NE LT ENmonTng 18617, Li=Rn->T, 7A MatA MM in vitro BBB
FBT VN ELRARRD BBB HEREZ T T 272D THELRME THL Z b,
BBB E7 WEEIZAE e F T A hat A NORBNLBRD HNTWD,

BBB 7 MEEICHW O LA E LT, LT LiIXEW sk BBB M@ H &
NTW5H23, BBB OFIECHERE, FFIC N7 U AR—Z —ORBEIITE M EEHRE
THAENMONTEY 1820 b hAOSMEMZ & 7201013, & Sk A
VN2 in vitro BBB BT VEABE T HMERHH, T A hat A MIOWTH, EEE
&b NMIIFERETR, WEERRFEANHRE SN TEY 2), v hoT7 A hat 1 M
BWH LD QB ORI E AT OB 6N TND,

—f%lZ. & F BBB EF/LOMEIZIT, b MRSV T ENREN
17,2224 v MU R, BRI R R 5T ATRREETH Y
HTHRE MK < RHIMRREF B A FAIRE CTH L2 R CTIHMEIZZ Ly, Fom v MEZE
LD FEBREFREDIZD, @ma A MR EORELRI TWDH, ZDH, b MIUE:
FMZ 7= e - BBB 7 /L OAISKS T B IR TR0,

Zot MIREEENRS R DILHEORELZ wikT 25 FBE LT, B MR
HIEORIANE 2 Hd 2520 | HIOREALITED 1 2L LT, AU 2
fi O A3 AL & 1= 7 temperature-sensitive simian virus 40 large tumor-antigen

(tsSV40T) #Efx 13 LT human telomerase reverse transcriptase catalytic subunit

(hTERT) ZE AT 2 HIENM O TS 28 | tsSVAOT L& % B9~ 2% p53
X° retinoblastoma gene product (pRb) (Z#5E L. 406 OEREZE HIH| 35 = & T,
AR RS SRR M O ARFEAL R 2 P 53 5, BARAYIZI, tsSVA0T (13353 1R A
33CHM T TIFELEICHBL L CllaJE ] 2 (29 5728, —JC 37°CLL L TILAIRIC
SRS, FHITHEWRIEAL S 7 F VR S NS LN ATREIC 722 5 29 300

12



hTERT (&, 7 v AT ESZME L, MlasZ02fE 5 7 v A 7 M K D M sEis
EBIPEBETFHREEZ KR ZMHS, LeRn-oT, I 2 DOREERLE %
BAL TER ISR AEERIIRIE, — AR (I, RIS E 2
FRECH H Z &, RIALDEERIZ X 0 BUMIE T o D gMET R ML OB HE & %
HIs:3Z206h5,

ZOX I BAAMROR] S AR E 2. 2 E TICe MR 2 FEO
RFALER T (tsSV40T B8 LN hTERT) 28 AT 5 LI LD, b FEAIARENL
BMEC (human brain microvascular endothelial cells/conditionally immortalized clone
18, HBMEC/ci18) . B L W't M MR ~Y ¥ 4 & (human brain
pericyte/conditionally immortalized clone 37, HBPC/ci37) @ 2 FifEid b ks R5EAL
BBB UMD TONTE - 12 | Ui LAans, K72 BBB 7 MESICAH
72 RAFEALT A b H A MIBZS L TUORLY,

ZZTH 1 FE T, & MRSAE BBB 7 /MBEIC AT, e AsE LT 2 T
WA L OBSREMEICEN e RAREAET A bt A MERBSTAHZ L, SHICE
DIEIEEEZH N E T L2 HE L,
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o5 2 Hi  EBRME - 51k
1-2-1  filadk KOV DiE# 1A

EFE M7 A M A & (primary human astrocytes, prHASTR, lot number
802268 *7-1% 1140858) |7 Life Technologies - (Carlsbad, CA, USA) L YA L
7o, EEHiiE, Dulbecco’s Modified Eagle Medium (DMEM) (Life Technologies) (Z
1xN2 % ~7°U x> | (Life Technologies) ¥ & " 100 units/mL penicilin G — 100
ug/mL streptomycin (pen/st) (Life Technologies) Z il 2 7= & @ (LL# Complete
Astrocyte Medium, CAM & 94 %) IZ 10% (v/v) Fetal Bovine Serum (FBS) (Life
Technologies) ¥ X T8 20 pg/mL human Epidermal Growth Factor (EGF) (Life
Technologies) Z/Mx 7=t DML, MiuiL 5%C02 / 95% air Z5tH& L7z 37°C
D CO2A »FaX—F—TTH#E LT, &7 1 v =l collagen type- I (Sigma-
Aldrich, St. Louis, MO, USA) CTa— hL7=b O %A L7,

TANANR =T THITH D 293FT MIlRiX Invitrogen LV EEA L7, H5ih
/%X, DMEM (Z 10% (v/v) FBS (Gemini Bio-Products, Woodland, CA, USA), 0.1 mM
MEM Non-Essential Amino Acids (Invitrogen) . 2 mM GlutaMAXTM (Invitrogen)
LW pen/st iz 76 D2, G418 disulfate salt (Sigma-Aldrich) % 500 pug/mL D
FECHML CEA L7z, MgiE 5% CO2 / 95% air #%fHE L7= 37°CD CO21 %
2 RN—F—ZTHE LT,

1-2-2  BEHUASINAI SRt d K OSBRI L R D ik

UTFTTHRRDEFZESLMICHOWTIE Table 2 1I2F &7, CAM 2 4 pg/mL
Blasticidin S HCI (Invivogen, San Diego, CA, USA) #/nx 7 (LA'F CAM + Bla &7
%) bOE RS E L, 2RIk L TEREIRMAISIE [FBS (10% &4 £7-13
&), dBcAMP (REE721T 1 mM 56)] B X OREEIRESM: (33°CE7-i1% 37°C)
Rl O 8 OS2 HEt LT,

7. CAM + Bla |Z 10% (v/v) FBS Z X 725U E 721300 2 70 WS (B2
CAM + Bla, FBS 10% % 7213 CAM + Bla, FBS free £ 7 %) Z#/ER L7z, = 5ITHEKR
ZERARIREH & U C, ERLOEG A FLIZ, dBCAMP % 1 mM 2 7285 & 7 132 DR
BECH HPHE MK Z A TR AER Lo, S 512, BFHIRINAI S E T .
ERREOET (33°CE72id 37°C) AlABGbETEEZESL A MmE Lz, B MRS
ft. 7 2 s v % A4  human astrocyte / conditionally immortalized clone 35
(HASTR/Gi35) (2351 % BRI Seth 6 L OMER IR BE S DS BT, Fig. 2 (2R
FEZHE- T 272> 7=, HASTR/CI35 #1537 ¢ v 2|2 CAM + Bla, 10%FBS %
FAWTHEREL, 33°CTHIE Lo, #f 1 BRICEFERRINM &M £ I 3SR IRE S
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Z LGt 8 FHORMICETL L1z, 0% 1 BEsE L., &I ERLZE. Miaoaly,
MR E R E R II N T AR— N T oL 2B I o7,

Table 2. Composition of culture medium used in this study

Variously modified culture conditions

Culture A B C D E F G H
condition

FBS 10% 10% — — 10% 10% - —
Temperature 33°C 37°C 33°C 37°C 33°C 37°C 33°C 37°C
dBcAMP - — — — TmM 1mM 1mM 1 mM

HASTR/ci35 seeding Culture condition alteration
to dish (from CAM+BIla, 10%FBS, 33°C
(CAM+Bla, 10%FBS, 33°C) to a variously modified culture condition) ~ ASsay

¥ V ¥

T T T >
0 1 2 Day

Fig. 2 lllustration of culture methods used in this study
1-2-3 & hASALT A ha A hOfER

prHASTR % 1.0x105 cells/mL D% T collagen type-1 CT=— k L7z 6-well 7' L
— MCHERE L. tsSVA0T-Lenti % 20 % (v/v) OLFET A8 BEIRE L. hT L AX Y
varvlilz, ZdOkx, Polybrene® (Sigma-Aldrich) % & #&HEEE 10 pug/mL TN
R 1o FEWVTZ OfifEZ 1.0x10° cells/mL DR FE T collagen type- I T=— | L7z 6-
well 7L — MR L., 24 FFlj&. hTERT-Lenti 2 10 % (v/v) DI T 48 KR
TL, NFUARE g Lie, 208 XFERZ, Polybrene®% i # iR 10 pg/mL
THIZIMA Tz, FTURARE T a7 H%, BHUC Blasticidin S HCI % 4
ugimL OEETHRML, EZFo7-/Mla%z e MARFEALT A FaW A b mixture i
(human astrocyte/conditionally immortalized, HASTR/ci) & L7z,

HASTR/ci % CAM + Bla, 10%FBS % f\ CTHllid# £ 1.0x10* cells/mL C collagen
type-1 T=z— L7z 24-well 7L — MIHE L, 33 CTHEEL B IR o7, Mo
WG D bie well NOBEHZREL, Mincx FEEL 72, FIEEL -MRz
1.0x10* cells/mL & 725 X 52 CAM + Bla, 10%FBS TAHR L, #fEE L O LT,
ZOEMEE, i b1 v He 0 1 MR TR SE T, B4 ERVIRLIB T
ROZEICEY, RO -2 FL, BHoh s ua— o T, MlEED
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BB L OHIREFEREOfENT, 7 A hat A h~—I —B{s 1O mRNA FEBLFENT %
BIRW, INORERAZLE TS Z LI12L Y HASTR/cI35 AR L 7=

HASTR/ci35 OE5#&E R #1IZ1X CAM + Bla, 10%FBS #fH L 7=, #ifEiX 5% CO2 /
95% air 5 & L7z 33°CD CO2 A »F 2 _X—HF — T T LTz, Mlaoftix
LUFOIFEICEY 111 BEOHMKRET I HILICBI ko, ETT 4 v v aND
BsHhzFRZ L. Phosphate-Buffered saline (PBS) (-) (Nissui Pharmaceutial, Tokyo,
Japan) Z/MxCVU AL, WKZERELZ%. 0.1 % Tripsin — EDTA phenol red
free (Wako) Mz, 37°CT 5 A vFa_X—a v Uiz, BEEE RIS E R
MOSERICHBEL TWAD Z L2 L721%. 0.1 % Tripsin — EDTA phenol red free
& ﬁi@iﬁf@%ﬁﬂz\ 1000 L > 72 HW T, BN 15 BIRREEY Xy T 1 7
B IRV AERBELT, EOMEER LWEHE 1 35 1 OFIEGTERA L.
cellmatrix collagen type [ -C T2 — K L7277 4 v ¥ =2 |[ZHfE LT,

1-2-4 KRR HEFERE D T

AR HE SRR | L E SRR E A IS 0 fET L 7=, HASTR/ci35 % cellmatrix collagen
type I -C Ta— L7855 4 v ¥ =12 CAM + Bla, 10%FBS % A\ T, Hllfings
1.0x10* cells/mL THEFEL, 33°CCH;&Z L7z, #f L7~ H% Day0 & LC, Dayl I
BRI A AT Lz, URRIE, 1 BB E|2H A L7, Day3, Day5 352 O Day9
(dBCAMP #RINIC & 2 HiaHFEREMEATIZ B L CiZ Day1., Day2 35 KON Day3) (Z#fifd
ARIBEL, MRS AEFHE L, 2 X S o Mia ok B2 L) & RiERY
VERIE S Y

1-2-5 Total RNA flitH 3 X U cDNA &5k

Total RNA flitHiZ. ISOGEN I (NIPPON GENE CO., LTD., Tokyo, Japan) # H
WT7r ha— LBl lirol, 7/ . DNA OIRADHHEL, Table 3 1T
977 A ~— (glyceraldehydes-3-phosphate dehydrogenase (GAPDH) F, R)I L O
Go Taqg® Green Mater Mix (Promega, Madison WI, USA) % 7z PCRIZ & D filei®
L7z, 7/ 2 DNA OREADRSD b 7z84121E DNase I (Roche Diagnostics K.
K., Tokyo, Japan) (ZTBrZ L7z, cDNA @/EI\E}Z I%. High-Capacity cDNA Reverse
Transcription Kits (Applied Biosystems, Foster City, USA) 5 X O )& ® random
hexamer primer Z i\ C7'm ha— /L BBV I -7,

1-2-6  Reverse transcription-PCR (RT-PCR)

70 1-2-5 THALL7= cDNA % template & LT, Table 3 (2T 7 74 ~—F X
! Go Taqg® Green Mater Mix % v /= PCR (2 X 0 fight L7z, ittt &4 28I+
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T, AL EE T (tsSV40T B LY hTERT), 7 A hua¥ A h~—F —Els T
(aldehyde dehydrogenase 1 family member L1 [ALDH1L1]. glial fibrillary acidic
protein [GFAP]. Vimentin, S1003. fibroblast growth factor receptor 3 [FGFR3].
serine racemase [SR]. glutamine synthetase [GS]. aquaporin-4 [AQP4] ¥ X
brain lipid-binding protein [BLBP]), 7 /v % I Vi F 7 VA KR— ¥ —#E s T
(excitatory amino acid transporter [EAAT] 1 8 X OVEAAT2), 77 /v > b T AR
— X —i&{s+¥ (equilibrative nucleoside transporter [ENT] 1 5 X OVENT2) TH 5,
N EBEE U8B s 1-12 13 GAPDH mRNA % 7z,
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Table 3. Primers used in RT-PCR

Primer name?

Sequence (5 > 3’)

SV40T F
SV40T R
hTERT F
hTERT R
ALDH1L1 F363
ALDH1L1 R679
GFAP F281
GFAP R542
Vimentin F626
Vimentin R852
S1008 F228
S1008 R280
FGFR3 R1437
FGFR3 R1707
SR F126

SR R394

GS F1102

GS R1309
AQP4 F267
AQP4 R617
BLBP F

BLBP R
EAAT1 F741
EAAT1 R919
EAAT2 F1221
EAAT2 R1519
ENT1 F579
ENT1 R1096
ENT2 F1471
ENT2 R1838

CGC CAT GGATAAAGT TTT AAACAG AGA GG
TTT TAT GTT TCA GGT TCA GGG GGA GGT
AAT AGT CGA CGC GAT GCC GCG CGC TC
CCG CGT CGACTCAGT CCAGGATGGTC
AGC AGT GAC GGG TGAT

GTGATT GGACAGAGCC

TGGAGC TCAATGACCGCTTT
GCCTCAGGTTGGTTTCATCC

CAATGC GTCTCT GGCACGTCTT
TCAGCAAACTTGGATTTGTACC
CTCATC GAC GTT TTC CAC CAAT
CTCCTTCAGTTC GGATTT CTT CA

CCG TGAAGATGC TGAAAGACGA
GACACCAGG TCCTTGAAG GTGA
CGAGAT TCTATC CAC CTCACACC

GTC TGG GGC ACC ACAATATAAG

CAG TCT GAG GGT TCCAACAGT G

TAT ACT CCT GCT CCATGC CAAA
CGACAT GGTTCTCATCTCCCTT
ACATCAGTC CGTTTG GAATCAC

AGG ATG GCAAAATGG TTATGA

TCATAG TGG CGAACA GCAAC
ATGAGGATGTTACAGATG CTG G

CAG GAT GGATGATGATGA CAAT
CTGTTGTCT CTC TGT TGAACG
CAACCACTT CTAAGT CCTTGATTG
TGGATGCTCTGCCCTTCTTTIGT

CTC AAC AGT CAC GGC TGGAAAC

CAT GTG CCT GGC GCC CAG GCAGGT
GAG GTCTTG TGC GAG TCACCC CCA

4 F and R indicate forward and reverse direction.
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1-2-7 EER real-time PCR

52 1-2-5 D FIEIZHEWERL L7 cDNA % template & L. Table 4 (Z/RT 77 A
~—. KAPATM SYBR® FAST gPCR Kit (KAPA BIOSYTEMS, Boston, Ma, USA) ¥
J OVEco™ Real-Time PCR System (lllumina, Tokyo, Japan) (Z X Y real-time PCR
B IRolc, ITRSRIL, 7 A et A h~—h—E{sTF (GFAP, S100B8 & L
ALDH1L1), /L% I v b T v AK—4 —i#5 7 (EAAT1 8L EAAT2), 75/
Vv Ty AKR— S 5T (ENT1 3L 0 ENT2) mRNA & L7, PEE i 1
121X GAPDH mRNA Z AV, K8 s 7O mRNA 33 &1L AACt 5% FW - F 3 E =
WEIZ L0 iRt Lz,

Table 4. Primers used in gPCR

Primer name?@

Sequence (5’ > 3’)

ENT1 F150 AGC CAG GGAAAACCGAGA

ENT1 R223 ACC CAG CAT GAAGAAGATAAG C
ENT2 F940 CAAAGC TGAGCT CCT CCAGT
ENT2 R1009 CAG GGT CAGAGCTACTTTCTG G
GFAP F1163 ACA GGAAGC TGC TAGAGG GCG A
GFAP R1249 CCAGGCTGGTTT CTC GAATCT G
S1008 F228 CTCATC GAC GTT TTC CAC CAAT
S100B R280 CTCCTTCAGTTC GGATTT CTT CA

ALDH1L1 F664
ALDH1L1 R743

ATC ACC CGT CAC TGC TCC CTA
CCCCCCTTTCTTATCTCC GTG

EAAT1 F611 GTTTCG GAATGC TTTTGT GCT GCT C
EAAT1 R688 TAT GGT CGG AGG GTAAAT CCAAGG A
EAAT2 F95 TCT CCC CAG TAC CTC TCC AG

EAAT2 R186 TGG GCATAT TGTTGG CAC T

@ F and R indicate forward and reverse direction.
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1-2-8 Al s g tais

HASTR/ci35 (2% 5 tsSVA0T. hTERT. GFAP. GS. EAAT1. EAAT2,
ENT1. ENT2 # > "7 EOBHIT, U TFIORTHECHE> TR IRl HET «
v B2 UV RE LT AREFREL, 8T v 2 & & bIT cellmatrix
collagen type I-C MLBiZ k=72 >7, HASTR/CI35 # =27 —F > a— NMLBR L7277
Z AMIZ CAM + Bla, FBS 10%3H5 1% F T 1.0x105 cells/mL O ai & CHER L |
33CTHE LTz, T, BEFMOERZB I 20, BEREKAIIZT v %2 E
o, EPHMAREL PBS () CHMMEAEY 2 L%, BD
Cytofix/CytopermTM Fixation and Permeabilization Solution (BD Biosciences, New
Jersey, USA) ZH\T 4°CT 30 &offlA v Fax—hFL, BEELUHEZIB o7z,
[E E#Z %= BD Perm/WashTM (BD Biosciences) TVU > A L7=%. 0.1% Triton-X100
(Wako) Z/Wlz 7= PBS (-) #Z HWT=EHIRT 15 A v Fax—F LERELHZSZ
7o lz, Ri%EW % BD Perm/WashTM TV > X L7z, 3% Bovine Serum Albumin
(BSA) (Wako) %% 7= PBS (-) ZH\ TR T30 HMEE LTy /%52
7potz, —IRPUARIZ, Table 5 (/R L7=Hifk% Can Get Signal® A Immunostain
(TOYOBO, Osaka, Japan) TZN 3 100 AR L= D&V, IR T 2 K
W% Lic, kUKL, Table 5 1Z7r L7cHif£% Can Get Signal® A Immunostain T
ZREI 200 fFICAR LI bOE AV, BIRT 1 RERE Lz, ZIRPURZREL
7-t%. PBS (-) CHilgfg# Y > 2 L. antifead (0.1% (w/v) p-phenylenediamine and
68.8 % (v/v) glycerol, pH 8.0) 50 yL ZH W i@z & A L7, AL 4'.6-
diamidino-2-phenylindole (DAPI) # W T Z 2 -7, demtiix, HELS L —F
— 2% v LRSS (OLYMPUSFLUOVIEW) (OLUMPUS, Tokyo, Japan) % 7-13
Zeiss LSM780 (Carl-Zeiss, Oberkochen, Germany) Tk Z 72 -7z,
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Table 5. Antibodies used in this study

Antibody

Source

Product code

(Primary antibody)

Mouse anti-SV40T Ag
monoclonal IgG

Santa Cruz Biotechnology

sc-147

Rabbit anti-hTERT
monoclonal IgG

Abcam

RabMAb1531-1

Rabbit anti-GFAP
monoclonal IgG

Abcam

RabMADb2301-1

Rabbit anti-EAAT1

Santa Cruz Biotechnology = sc-15316

polyclonal IgG
Rabbit anti-EAAT2 Cell Signaling Technology ~ 3838S
polyclonal IgG
Goat anti-ENT1 Santa Cruz Biotechnology ~ sc-48489
polyclonal IgG
Rabbit anti-ENT2 Medical &. Biological BMPOG6
polyclonal IgG Laboratories
Rabbit anti-GS Abcam Ab16802
polyclonal IgG
Mouse anti-MAP2 Sigma M9942
monoclonal IgG
(Secondary antibody)
Goat rhodamine (TRITC)- Jack |

- , ackson Immuno rors
affinipure F(ab’)2 fragment Research Laboratories 111-025-006
anti-rabbit IgG
Donkey Alexa Fluor 488 Life Technologies A21206
anti-rabbit IgG
Donkey FITC-conjugated Santa Cruz Biotechnology ~ sc-20024
AffiniPure anti-goat IgG
Goat FITC-affinipure F(ab’)2  Jackson Immuno 115-096-006

fragment anti-mouse IgG

Research Laboratories
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1-2-9 R~ AR—FT vtA

BRI FIORT B X 0 L7z,

[*H]-L-Glutamate (Glu) (American Radiolabeled Chemicals, St. Louis, USA) 1 L O
FEFE Glu (Wako) % Na*-plus Krebs-Hesselei buffer (KHB) (NaCl 118 mM, KCI 50
mM, MgSOa4-7H20 1.1 mM, CaClz:-2H20 2.5 mM, KH2PO4 1.2 mM, NaHCO3 2.5 mM,
glucose 10 mM and HEPES 10 mM, pH 7.4) % 7-i% Na*-free KHB (Na*-plus KHB ®
NaCl % Choline-Cl (2, NaHCO3 % Choline-HCO3 |[ZE & #a 2 7=t D) I[ZIEfR L.
FEUREE 10 UM, Fe AU AR 1.0 uCi/lmL & L7z,

[*H]-Adenosine (Ado) (Moravek Biochemicals, CA, USA) ¥ X O'JEFE G Ado
(Sigma-Aldrich) % Na*-plus KHB % 7-i% Na*-free KHB (ZIAfi# L. AA&IEE 0.1 M,
R R 0.5 pCi/mL & L7=,

FHESEERClX. L FofbEzE Avic, 10 uM UCPH101 (EAAT1 BHZERA|, Santa
Cruz Biotechnology). 1 mM Dihydrokainic acid (EAAT2 H:E#4, Abcam), 100 nM
nitrobenzylmercaptopurine riboside (NBMPR) (ENT1 BHZE#I, Sigma-Aldrich), 100
uM NBMPR (ENT1/ENT2 FHE51),

HASTR/ci35 # 24-well "L — ~iZ CAM + Bla, 10%FBS £5H1% T 2.0 x 10°
cellsimL OMIaHE TR L, 33°CTHE L, 0k, BEFMOLELB IR
W, BEEKBIZT vyeA 2B I o7, Mildx 37°CH Na'-plus KHB % L < i%
Na*-free KHB T 1 [A]U > X L7=%%, FEEEHK 200 yL 2Nz T, 37°CTHY ALK
JE A BRA Lo, BV AR, TR ORISR K 0 BV JA B IEPEIZ ERE DR D
SNT-HEPHND 2 5BICERE LTz, A ¥ a— g %, ki L7z Nat-plus KHB
% L < 1Z Na*-free KHB THllfg Z2 @<z 3| oA L, 250 yL @ 0.2 % SDS %
Mz, =W T 5 FFfAiRZE L., Mlasfiii s Lz, MlEffiEo > 5 200 b =
scintillation vial (Z# L. Clear-sol I (Nacalai tesque, Kyoto, Japan) 2 mL %/l .,
WK o FL—ra o o2 =IO THENEMWZRIE LT, MR 5> 5 20 pL
IZ. DC protein assay kit Il (Bio-Rad) # MW\ 7=& X7 EHREREICHER Lz, F
7o. BV IABBOGTRE 2 4°CL LT RN EREROERZI R, M T UV AR—H
— IR EEORY AL ZHE LTc, REOMIEANEY AL EHE T FRi 0%
HAWTHM L,

[]
[ V) 3A 233 £ (pmol/min/mg protein)]
=[S HE(dpm)] / [FEE IR i BE(dpm/nmol)] / [EREE(mL)] x [ & (mL)]
x[1000(pmol/nmol)] / [# > 737 $£EE(mg/ml)] x [ & (mL)J/[H Y iA ZEEE (min)]
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1-2-10  FREHEENT

AR FEREARNT,. E &M real-time PCR, N7 VAR — 7 v EAICLVELNT
7 — 4 . single-factor ANOVA (analysis of variance between groups) (2 X ¥ B[]
DEDREEBZRo%h, AEERROONIZBEIIEY DT —2DE%
Student's t-test IZ L W FRE L7, ZAUHHEEIEHAEIX Excel ik Y 7 I Statcel 5 3 hR
(OMS, Tokyo, Japan) (2L VB o7z,
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%3 Hi o R
131 b FRFALT A b o ORGSO Bk

Ly F A NANRY Z—% T tsSVA0T cDNA 35 X TVhTERT ¢DNA % & h AR
H#T7T A ha¥ A MZhT U AZ 73 L, Blasticidin S T®IRTHZ L2k,

B RAREALT X b r YA mixture M2 (HASTR/ci) Z/ER L=, B oni:
HASTR/ci ZH (b L, 40 D7 v — 2437z, fFoN72 40 FED 7 17— 220 T,
Hfa I R Bl a2 4 L OIS S REARAT 2 36 T 72 o 7o, MIfAEREIZ DWW TiX, 7 A b

YA NSRBI R RRTEEZ R S U MRS O W TR, A E NS D2
HEVHDOE TIRA BRIz, TORR, BINPEZ RFF LoD, HIFEREN R/
5N FEO 7 v— & B LT,

1-3-2 K7 — BT DT A WA b~—h—i&{EF D mRNA BT

HASTR/ci HH3ED 11 DK 7 v —2 O, bLMEBEE &7 57 8
— U EBRIRT D01, K7 e —IBIA2REMNRT A YA h~—Fh—HERR
T (GFAP, S100B 3 & X ALDH1L1) @ mRNA JEE AN LT-, TR, 71
— 35 BV TN LEIE O b E VW mMRNA BEENRD bz (Fig. 3), £ 2
T, Zh% HASTR/ci35 & L., LIEOMEHTIZ V-,

24



1.4

o GFAP
T 1
0
% 0.8 4
T 0.6 1
= 04 -
e
0.2 4
O _

14 -

" S1008 [

Relative mRNA expression level Relative mRNA expression level

r
=)
o
< 08 -
Q
S 06 A
o
5 04
0.2 1
0 A
1.4 1
2 ALDH1L1
%A
ST 1
a0
e 081
39
<5 06
Z\_
X 04
€3
2L 024
©
) 0 -
4

1 2 6 8 11 12 15 16 20 24 35

Clone number

Fig. 3 Examination of representative astrocyte markers mRNA expression
levels in several HASTR/ci clones

Eleven HASTR/ci clones were selected based on results of preliminary screening,
and mRNA expression level of representative astrocyte marker genes (GFAP, S10088
and ALDH1L1) were examined by qPCR. The relative mRNA expression level was
calculated using the GAPDH mRNA level. Each result is expressed as mean + S.D.
of the values obtained from three separate experiments, each performed in duplicate.
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1-3-3 HASTR/ci35 IZ81) % tsSV40T, hTERT O¥HiIs K O A REMFAT

HASTR/ci35 (28T A RALIEE A L ET 5720, £9. HASTR/CI35 I2F1F
5 tsSV40T & hTERT @ mRNA B L ON¥ X7 B3 B %2, =1 RT-PCR B XL
O R S e B I L W AT L 72, £ OfE %, HASTR/CI3S 2B W TW T o
MRNA BEL O I ERBLGLRO b vz (Fig. 4a and b), #iV\>T. HASTR/ci35
O A NE I THAE A fEAT L 7245 R . m WIS AEEE 338 B (MR fF(bFfE] = 2.5
days) (Fig. 4c). 7z, MEOHEFEREITMA TR TH (EAFLEE > 100) £
b7gnoTz (Fig. 4d), Tk, HFERE MK <, MMRESE S AAEETH > 72 b MR
BT A b NEIIRESBRLIEE THo T,

a -5 b
5 @
AW (@ tsSV40T hTERT

ssvaor [
QIoUN —
carDH N N

@
o

120 - 40 -

35 A
30 1
25 A
20 A
15 ~
10 +

100 -

80 A

60 -
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20 A
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Fig. 4 Validation of immortalized cell properties in HASTR/ci35 cells

(a) tsSV40T and hTERT mRNA expression in HASTR/ci35 cells were examined by
RT-PCR. Note that the primers for hnTERT mRNA were designed to selectively detect
lentivirus-derived hTERT mRNA. (b) tsSV40T and hTERT protein expression in
HASTR/ci35 cells were examined by immunocytochemistry. In (a) and (b), the
experiments were repeated three times and representative results are shown. (c)
HASTR/ci35 proliferation ability was examined by drawing cell proliferation curves.
The numbers of cells were counted at the days 3, 5 and 9, and the data are shown
as mean = S.D. of the values obtained from three separate experiments, each
performed in duplicate. (d) Effects of prolonged culture on HASTR/ci35 cell
proliferation ability were examined. The cells were successively cultured for more
than 100 days.

1-3-4 HASTR/ci35 (28T 57 A br¥A ~~—h —B{a T DI

HASTR/ci35 (281757 A hutA h~——i&fst (EAAT1., EAAT2, ENT1,
ENT2, vimentin, FGFR3, SR, GS. AQP4 X 1" BLBP) ® mRNA Rl 70 7 »
A W% RT-PCRIZ L VM LTz, ZOfER. HASTR/cI35 (28T LFZ mRNA (3t
NIRRT A bat A b EEBRICHEELL Tz (Fig. 5a), F7-. Ml ialk
AR IIlhol-E A, HASTR/CI35 (2B W T, GFAP B XN GS Bin DX /378
FELDFRO vz (Fig. 5b),
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Fig. 5 Astrocyte marker gene expression profiles in HASTR/ci35

(a) mRNA expression profiles of various astrocyte marker genes (EAAT1, EAAT2,
ENT1, ENT2, vimentin, FGFR3, SR, GS, AQP4 and BLBP) in HASTR/ci35 cells were
examined by RT-PCR. prHASTR cells were used for a comparison, and GAPDH
MRNA was used as an internal control. NTC refers to non-template control. (b) GFAP
and GS protein expression in HASTR/ci35 cells were examined by
immunocytochemistry. In all examinations, the experiments were repeated three
times and representative results are shown.
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1-3-5  HASTR/ci35 D iEd L OSHlaHEHEE I %9~ % FBS 5%

HEAEFE I ICIX HASTR/CI35 OYSFREZMERF 45729, FBS G ARMAZ AW TW
L3, —fxlZ, FBS 13 binfilicF L5 bbb Tns, £2C, FBS &8
HASTR/ci35 OiffifafZieds X OV ARETHAE IC G- % 2 2 B4 b L 7o f5 . 10%FBS
EAREMSEME T TIESE L7 A b et A MRS 7o i 22 i = 2 FTE L 72 0
STe, FBS REBMSIE FICRB W TIb T MR 57z (Fig. 6a), £7=. H
FARHREIL, FBS RELRM~DEEIZL D . 10%FBS WSt 0.6+0.1 fi (p<0.01)
EABEICIK T LT (Fig. 6b),

a b

33 °C —e— 10%FBS =<FBS Free

N - N

B (@] (@] o N B

o O o o o o
L L L J

Number of cells (x10%)

N
o
1

o

Fig. 6 Effects of serum concentration on HASTR/ci35 morphology and their
proliferation ability

One day after HASTR/ci35 seeding with CAM+BIla,10%FBS, the culture medium was
replaced by serum-free medium. The cells were additionally cultured at 33°C or 37°C
for 24 hour, after which the cell morphology (a) and their proliferation abilities (b)
were examined according to the same methods as those employed in Fig. 3 and 4.
The cell numbers are shown as mean + S.D. of the values obtained from three
separate experiments, each performed in duplicate. **, p<0.01.

29



1-3-6 HASTR/ci35 O RER T OIS FERE |2 54 2 BB IR B 0 22 %D

IR A MERSEAL I IEAR DR & LT, BERIBE S0 LT (33°CHvn 37°C) 1T
X% tsSVAOT REALIZIKAT L 7= AR SE O 35 X OV B E O L33 E S0 T
%, I T, WEEELM (33°CE-1E 37°C) 7 HASTR/Ci35 O IES L O
JAEFHRBIC 5 2 DB Z T LTz, OREE. 33 CEMIEEESLMT T CThdafr
1 L7o iz Ry, 37° CHEIMIGHE RS T CIRBAE I3 b v/ (Fig. 7a), %
7o, MR I, 37 CHEMIEE RS ~DETIZ LY, 33 CHEMIEETESMD
0.6+0.1 f% (p<0.001) LA EIZIEF L= (Fig. 7b),

a b
FBS free —-8-33°C =<37°C

N -

D 0 O N

o o O O
L

] **k%

0 5 10
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o

Fig. 7 Effects of different culture temperature on HASTR/ci35 morphology and
their proliferation ability

One day after HASTR/ci35 seeding with CAM+BIla,10%FBS, the culture medium was
replaced by serum-free medium. The cells were additionally cultured at 33°C or 37°C
for 24 hour, after which the cell morphology (a) and their proliferation abilities (b)
were examined according to the same methods as those employed in Fig. 3 and 4.
The cell numbers are shown as mean + S.D. of the values obtained from three
separate experiments, each performed in duplicate. ***, p<0.001.
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1-3-7  HASTR/ci35 Ol fEREF L OHRIAHEAEE (2 x4 % dBCAMP D 5%

dBCcAMP [Z#lfEE#EAE cAMP 7/ Th o RKEMNRT A hat o1 b biki
R E LR VSN TWD, 2T, HASTR/cI35 OHIfEZRER K U iE il
REIZH-2 5 dBCAMP (1 mM) OB Z i L=, £ OfER, 37°CEIMIEETE &I T
?® dBCAMP IRINZ LV | FEUSINEE & b8 & 237 i 226 O R 38 K OIRIA D &
DI B OEMMBFRD bz (Fig. 8a), F£7-. MIfuHEsEAEIX. dBCAMP ¥RINIZ
v, FETIEED 0.7+¢0.1 % (p<0.01) EAEIML T L7= (Fig. 8b),

a b
FBS free, 37°C -0-dBCcAMP free  ==dBcAMP 1 mM
14 -
S 12
x
@ 10
8 s
G
o
5 6
2
E 4 -
=}
4
2 N
0 T T 1
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Fig. 8 Effects of cAMP on HASTR/ci35 morphology and their proliferation ability
One day after HASTR/ci35 seeding with CAM+Bla,10%FBS, the culture medium was
replaced by serum-free medium containing 1 mM dBcAMP. The cells were
additionally cultured at 37°C for 24 hour, after which the cell morphology (a) and their
proliferation abilities (b) were examined according to the same methods as those
employed in Fig. 3 and 4. The cell numbers are shown as mean + S.D. of the values
obtained from three separate experiments, each performed in duplicate. ***, p<0.01.
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1-3-8 HFEEZESMETICEHIT S HASTRGI3S OT A huH A h~—h—@BLEFD
MRNA F& 5L = fRAT

FRITHET L7 FBS ININGE, B5RIRE SR KOV dBCAMP BINSRIF & /A6
O T HASTR/cI35 DEFEZ B IV, 8 HIEESRMTICBITAT A bt A b
— B —i&f5f (GFAP, ALDH1L1 ¥ X7 S100B) @ mRNA I & % & &1 real-time
PCR I X 0T LT=, ZFOfEE., WERDI#SLMETH D 10%FBS, 33°C, dBCAMP
REREBREM (5385 A, Table 2) L LT, Hr/izITHeSL L7z FBS &4, 37°C,
dBcAMP 1 mM & A 55850 (K585 H, Table 2) I2B W T, &xbLEWT A ha
A h~—7%—mRNA #EL & (GFAP [6.0+0.5 {%, (p<0.001)]. ALDH1L1 [18.2+1.5 {i,
(p<0.001)]3 L T* S100B [20.0+2.8 fi%, (p<0.001)]23388% L7z (Fig.9), £7=. FBS
&, 37°C, dBCAMP RERF#ESM (B85 D, Table 1) IZBW T, FREDO~—
71 —mRNA J Bl & (GFAP [3.1+0.6 f%, (p<0.001)]. ALDH1L1 [8.4+0.7 f£%,
(p<0.001)]#5 L OF S100B [5.3+1.1 %, (p<0.001)]DHIMMRZRD DALz, BENC &
12, dBCAMP #HNIZ L 5~ —H—mRNA OFHL 513, FBS RE 41 F TIlEERd 5
T DIZHRE L, 10%FBS A S FIZBWTITRD bivken o7z,

ic; 8 1 *kk 2 254 dedede
8z fauad g% 20 Kk T
25 © fe
<$ ¥0 15 A
g3 4 <I
ES ZI 10 -
2 £5
s 2 25 54
£ 3
0 - 4 i
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Fig. 9 Comparison of representative astrocyte marker mRNA expression levels
among HASTR/ci35 cells cultured with variously modified culture conditions
One day after HASTR/ci35 seeding with CAM+Bla,10%FBS, the culture conditions
were changed to either one of those shown in Table 2. The cells were further
cultured for 24 hour, after which cDNA of each culture were prepared. The relative
MRNA expression levels of astrocyte marker genes (GFAP, ALDH1L1 and S1008) in
the cells cultured with variously modified culture conditions were examined. The
values were normalized using the GAPDH mRNA level, and the results are the mean
+ S.D. of the values obtained from three separate experiments, each performed in
duplicate. ***, p<0.001.
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1-3-9  HASTR/GI35 DMLFFEN /LK I VB b5 o AR — 5 —DFBIs L OWkiE
I RIE TR

L CHESE L= b 4 TR L. HASTR/Gi35 Z Vv, RFEM R T X b
YA FOSLERETH D Na K7 V2 I VBV AR h T v AR —Z —
(EAAT1T B XN EAAT2) ORBLE L UMEREDMNT 2 B8 272 7=, £3. HASTR/ci35
DoALFFHEE D EREE O mRNA B O U X7 ERBLEIZE 2 5B % ZEi,
7E ) real-time PCR 38 X OVlR e Yl K 0 ffbT LT-, FORER. o biFE Itk
VY HASTR/ci35 124517 %5 EAAT1 mRNA ZHLE (T 1.8+0.4 1% (p<0.05) (K541 D,
Table 2) 35 L 183.120.7 fi5 (p<0.05) (35# 514 H, Table 1), EAAT2 mRNA FEHL & (X
1.8+0.3 f% (p<0.01) (¥5#5fh D) B L106.0£0.2 f% (p<0.001) (JESMEH) LA E
I E5-L7= (Fig. 10a), £7-. HASTR/CI35 (T35} 5 245 & L/ 7 B DOH IR L,
SHEFEEIZ VR L 7= (Fig. 10b),

% Z TWIZ, HASTR/CI35 DA LEEEN 7 V& I Ul kT v AR—Z —REREIC 5 2
LB N T UAR— N vBAICK VI LT, ZORR, 7 v I ol
WHL Y IAZTEME (pmol/mg protein/min) (X, Na*FE T, WITINOKRETIZBWNTYH
37°CITBNT 4 CLY L&, FNTN555+24, 49+0.82 (58S A), 652+
1.7. 3.8 +0.45 (5585 D) 3L 749+ 1.2, 3.1 +03 (BESLKMH) ThoT-,
F7o. Na*FEFTE R, 37CITB W TRV IAAIEEIZENE428.0 £ 1.5, 29.0 + 2.9
BLUN28.9 £ 0.9 L7220, WTNOERMHFIZEBWNTS Naf&IERY R 74 I U gEY
IABIEPEDRR O BTz, EHIZ, Na*f#fE T, 37°CICHBN T EAATT BAERITH S
UCPH101 B X EAAT2 IHEHITH S DHK W TH b T v AR—Z —TEKFET
LT NE I ORI IABTEMEZ T LI e 2 A, RS A DBXUHIC
BT 5 EAATT (KTFMERL D GALIEMEEIL, T2 419 £ 0.9, 47.8 + 3.0 BL W
51.7 + 3.0, EAAT2 {K{FMERL Y IAZLZ L2411 46.5 £ 0.5, 53.0 £+ 1.9 5 L1485 +
1.2 720, WTNORMEIZBWTEH EAATT BL O EAAT2 ([ZRER 7V Z 2 v
FREL O AT IEMEAN RO BTz (Fig. 11a), L7223 THOMLFEE L IC L 0 . EAATT
BERRIL, TERIEEREM T D 1.380.1 i (B5ESME D)B LUV 1.7£0.3 fi5 (p<0.05) (H5#&
G H) I EH L. EAAT2 BEREIT 1.44£0.1 15 (B5#5:F D). 3.0£1.2 {5 (p<0.01) (5%
FEMH) 1T B L7z (Fig. 11b),
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Fig. 10 Effects of differentiation induction of HASTR/ci35 on the glutamate
transporters gene expression

(a) The relative mRNA expression levels of glutamate transporters in the cells
cultured with the condition A, D and H (which is shown in Table. 2) were examined by
real-time PCR. (b) EAAT1 and EAAT2 protein expression (green) in HASTR/ci35
cells cultured with the conditions A, D and H were analyzed by immunocytochemistry.
DAPI was used for nuclear counter-staining (blue). In (b), the experiments were
repeated three times and representative results are shown. In (a), each value was
the mean + SD of the values obtained from three separate experiments, each
performed in duplicate. *, p<0.05, **, p<0.01 . *** p<0.001.
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Fig. 11 Effects of differentiation induction of HASTR/ci35 on the glutamate
transporters function

(a) Glutamate (10 pM, 1.0 uCi/mL) uptake activity levels of HASTR/ci35 cells cultured
with the condition A, D and H were examined by transport assays at 37°C in the
presence or absence of Na*. The assays were also performed at 4°C to determine
the background activity level. To separately analyze contribution of each transporter
to the uptake, EAAT1-specific inhibitor (UCPH, 10 pM), EAAT2-specific inhibitor
dihydrokainic acid (DHK, 1 mM) were used in the assays. Each value was the mean
+ SD of the values obtained from three separate experiments, each performed in
duplicate. EAAT1 or EAAT2-mediated glutamate uptake activity levels of HASTR/ci35
cells cultured with the condition A, D and H were shown in (b). *, p<0.05, **, p<0.01.
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1-3-10 HASTR/ci35 DO LFEENT T /v 8T U AR —F —O3BlE L OEEEIC
RIET R

TNE I BRI IABEREICIN R, Na*FRKAFMET 7 2 & VD AT T AR —
Z— (ENT1 BXL N ENT2) Hae b AR T A ot A My biaE L L THIBILT
W5, £ Z T, HASTR/CI35 Do baFEIZ 5> 2 b8 s T DIEHLIS L OBERE DIENT
BZ7polz, £7. HASTR/ci35 @ Vlﬁ{;‘%@%ﬁk LB mRNA B L% //\W
BRUREIZE 2 DB EZNEN., &M real-time PCR 35 X Olilafe g Yuta iz
fiEkT Uiz, ZOFE%. HASTR/ciI35 @ Vlﬁfy‘%’;éfb £ ENT1 mRNA R =(Z BWI:

MEBD B > 7=73, ENT2 mRNA FEBLE(IE 1.350.2 {5 (&S D) :IoJ:U
5.4£0.3 fif (p<0.001) (HE3E &M H) I LR L7= (Fig. 12a), £7-. fIafEY6 T
T Z N ERBUT T @8R E L, HASTR/Ci35 O/ LFkEITfE 58 L
7= (Fig. 12b),

% ZCIRIZ, HASTR/CI35 DLFEENT T ) v N T v AR—X —i&EEIC 52 5
WBE NI UVAR— N oMK LT, TR, 75/ //@ﬁmﬂ@m&
DIAZIEM: (pmol/img protein/min) (%, Na*JEfFEE T, WTFHOLHETIZB VT
37°CIZHBWT 4°CL 0 & EVHIIINEL Y IABTEED RO B, EEi 3.2 + 0.3,
0.3 + 0.04 (5585 A), 7.2 +0.6, 0.3 +0.02 (5585 D) 3L 11.7 £ 0.4, 0.2
+ 0.01 (55%4AF H) Thoiz, 5T, ENT1 #BH%ET % 100 nM NBMPR 5 L Ot
ENT1/ENT2 #[L#E9"% 100 uyM NBMPR Z HHWTT7 7 / o > OB EL @ A IEME
Z Na*JETFfE N, 37°COLMTHIT LIz 2 A, &S A DB IOH IIZRBIT 5%
MEEIZ. ENT1 fHEICXZ YV Z1F4 1.0 + 0.02, 2.0 £ 0.3 BL W 3.0 + 0.4\
ENT1/ENT2 HEIC LV Zi1ZF4 0.4 + 0.1, 0.5+ 0.1 BLN05 +0.05 L7201,
THORMEIZBWTEH ENT1 BEXONENT2 I2Xk57 5/ //@DJA?%{EE%)M&’)E
7= (Fig. 13a), L7=# 5T, HASTR/GI25 DAMEFEEIZLEV, ENTY BEREIZ. 7k
DIEFRLNET D 2.4£0.5 1% (p<0.01) (W34 D)F L 10 4.020.4 {5 (p<0.001) (53
ik H) (2 BH- L. ENT2 BREIE 2.240.2 15 (p<0.05) (B335 D)3 L1 3.8+0.1 fi%
(p<0.01) (H538 414 H) 12 EH-L7= (Fig. 13b),
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Fig. 12 Effects of differentiation induction of HASTR/ci35 on the adenosine
transporters gene expression

(@) The relative mRNA expression levels of adenosine transporters in the cells
cultured with the condition A, D and H were examined by real-time PCR. (b) ENT1
and ENT2 protein expression (green) in HASTR/ci35 cells cultured with the condition
A, D and H were analyzed by immunocytochemistry. DAPI was used for nuclear
counter-staining (blue). In (b), the experiments were repeated three times and
representative results are shown. In (a), each value was the mean + SD of the values
obtained from three separate experiments, each performed in duplicate. ***, p<0.001.
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Fig. 13 Effects of differentiation induction of HASTR/ci35 on the adenosine

transporters function

(a) Adenosine (50 pM, 0.5 uCi/mL) uptake activity level of HASTR/ci35 cells cultured
with culture conditions A, D and H was examined by transport assays at 37°C in the
absence of Na*. The assays were also performed at 4°C to determine the
background activity level. In inhibition experiments, nitrobenzylmercaptopurine
riboside (NBMPR) 100 nM was used for ENT1 inhibition, whereas NBMPR 100 yM
was used for both ENT1 and ENT2 inhibition. Each value was the mean + SD of the
values obtained from three separate experiments, each performed in duplicate.

ENT1 or ENT2-mediated adenosine uptake activity levels of HASTR/ci35 cells
cultured with culture conditions A, D and H were shown in (b). **, p<0.01 and ***,
p<0.001.
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%1 BT, EAEER A A L, RO AERE . 0 R UEGRE AR FTRE 7R b
FRFEMT X F YA~ HASTR/CI3S ML L7z, 70, HBERFMORBEIIZED .,
FIRFfA] (24 W#fE]) T HASTR/CI35 O LIEE Z5FE T 52 E R ARETHh -7, T
HOFERN S HASTR/CIZ5 X, BEfFDOT 2 haH¥ A NEF A TH S b MR
BT A MY A FROESBERAE SR T 2 F et o R AHEEDOK SR, 51k
BEOEMES (1 HLLE) 3 22 PORIEE R T D LAMEICER MR TH D &
EZEZ2 bbb, Fi2. HASTR/CI35 1%, I NVH I UeT T /) v 27 EOMMEEWE
BiAHpERE, HERT A bt A MEELZRFFL TV, 2hbDZ &b,
HASTR/ci35 [ZILHMENSIMEIEE 2 & < BRFFL7287272 in vitro & N7 A fa iAo
NETNLTHDEEZLND,

BfSL L7= HASTR/ci35 73, 7 A hua¥A F & LTOREWIMEIBE 2 RFFT 52 &
ZHONETH7-DIC, HASTR/GI35 ICBITHT A bt A FORFHRERETH D
PRAREWE b T AR —F —ORERE & FEMICH#AT L 7=, HASTR/Ci35 1%, 7 /v 4 <
VR NT L AR—H—EAATs °T7F ) b T U AR—4—ENTs ORREERAFT 5
ZEb, TARrY A MEREE U Tl B2 INN OFR RS 21 8 i B il > 2
TAEREFEL TS EEZBND, EAATT BXW EAAT2 1E, ¥ 7 /UARERFIZH
PN D S D T I VRO RBREEZH S Z LT, JvX I Vg
FHNZ X 2R EMEORREICEE KRB 2 S Z e RmoiiTng 3233 KRz,
EAAT2 OiEMEIT in vivo IZBWT EAATT L0 b B TH D Z L RRE SN TN D 34
), HASTR/ci35 I2551F 5 EAAT2 iEMED & H-1%., AW (80-90 %) (i &iX /et
DD, ZIETIZ in vitro IZB W T EAAT2 BEREAREFT 57 A b o MEis s
N TE LT, HASTR/CI35 1% EAAT2 ZHERERIIZFRELT 5 Z &L AFEIH S N7 WIH T D
Ml CcH b, £7-. HASTR/I35 1T EAATs BEREICINZ T, v F 7 ARBIBRICBIT 5T
T v OREPREIC LD MREB ORI CEE &K AZH YT T VU R T A
— 4 —ENTs Bre 2 R FF L T\ /e,

AR MNIZBIT 2 7V I U EOMBANERE L, 7 A et A MIHEBLT S
EAAT2 7217 T2 <, RIUCLKHIBSMIAFET 27 7 7 3 ORI Ko TH Bz
FE S TWDZERHLNERSTWD M, £/, TAbMad A MIEHT D
EAAT2 & ENT1 OfJICIZ, AWICZEOBRELZHI#ELE > 7 v X h—7 OGN HE
INTND 30, ZnbDZ b, IMNICEIT D/IlES 7 V2 I BRI EE O R 72
FIERERE Z Bl S0 &35 72DI2iE, 7 A buatA MIFEBLT 5 EAAT2 & ENT1 O
FrEBE LT FEMRE PAMNETH D EEX bIVDH, HASTREI3S X, ZiubH D 7
YAR—Z—ERE A LITREF L, N OB i m = E s 2 iz 2 2 &
mo, TARaY A e LTEWHMEBEZRFET2EE20615, LB T,
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HASTR/ci35 IZILHAME L @mW M BIBE 2 3R 2 7. 2 E TIZeWnWgilz7zse R 7 &
fa¥ A hETALTHDLEEZLND,

ABFZEIZE VT, HASTR/CiI35 Do baFEizid, H&EIEE. FBS 3L U cAMP 73
BET5Z ERPBNE7roTz, RIS T tsSVA0T X SVA0T il s 28
BAATH Y, 3B CHBRERMICBWTILEICEI L, BDAMEEEFTH D
p53 X° pRb EHEAKRAEEE L, Zh SHEREOMIH] 2/ L CHEIEIH A2 L+ 25 2 &
WHIHINTWD, —FH T, 37T CERIRESMFICE W TTESLOICRIEEL -« ofif S
AU, fRBEL7- p53 B LU pRb &1 L7 HifREgsE > 7 F L 3l S v, (LB EME
EINDZENHESNTND B, B[R Th D p21 121F 2 DD p53 fEAEHALA
fFEL, p53 & & LIZiBREICE G35, ZHETIZ, W O OIREKRZ
PEARSEALAIERRIC BV T, HRIBE DA T (33°C—37°C) 12X 2 tsSV40T RiEiEAL
L, AEHETE O T L OV b DRELZ S X Z L, ZHUZix p53 OiEMEILE T L
72 p21 OFENEEGTHZ ENHESN TS 3, Lizni-> T, HASTR/(I35 (2
WTHEEEIRE LTI D BRI, tsSV40T AEMALIZ K5 p5b3-p21 #&REE D
EMEAEBE S L CW A ATREER B 2 BN D,

Tz, B H 0 FBS ZBR< Z 2L W, HASTR/CI35 (ZH5 1) 5 ML s o 4l
BLOSLIRENED b= & 025, FBS 108 £ 5 LBk R R ok
TUREDRNFNINLHRBICHEL TWE EEZBND, B ThH, EGF X FGF
72 8 OAEHEFEIN 1, MBS 7 L A4 L TRk & 7RIS B CHE EEGE S
MEFEE G T D Z ENMON TS 839 LN o T, NSO FBS BREIZ
D BEGE Y 7 VO ARIEMAL DS, HASTR/CI35 O {WIREICE 5 L= r[REEnE 2 5
b,

CAMP [T HHAAFHIERIZE W T, FERECHIRO M LICEE &R 2 5 Z & o3 m
L TEY, RENRT A eV A M EiFERER L L THAS AL TN
40-42)  ARHFFEIC BT S, HASTR/CiI35 ~D dBCcAMP BEERIZ & 0 S5 LiFiE 33860 &
iz, FIEANO cAMP Lo ERIE, X SRR OEMEIIZE S L, RED
R L LT PKA it k., CREB DV U ig{t.z I L85G K+ DOIETE LN 8 6 1
T3 B, Lo T, dBcAMP (2 X %5 HASTR/ci35 DALk etk gk
{ERBE 5T 2 AREMENE 2 DD, BLREWZ L2, dBCAMP 12 L % 0Lk
FBS 7#7E FIZB W TITFRO b2 o>7-, cAMP %, EFEOMREELISMZ S, MAPK
PR 2 LT MBS > 7 IR AL 2 3032 2 E ST S 44 48, — 5T,
FBS |28 £ A HFHK 11X, MAPK #RBK A TEMEAL L, AR A o325 2 L 3%
HILTWD 4, L7z o> T, FBS fF{ESME T TO MAPK #REE A3 TLiE L 72 RBBIZ I W)
TiX. cAMP 2 X% MAPK BB DRHENAR 53 TH Y, 2D L3 FBS {F(E FiZik
WTC cAMP 12 X 2MEBENRD SN o T2 RINO—2>TH 5 AR E 2 Hh
5o ZTNHDZ ENE, HASTR/CI35 (28T 2 0 WARHEIZ X, cAMP & BEFEIN 112 &
%5 MAPK %2 L7 a2 h—27 DEELREEZH > TW D RIEERE 2 b D,
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VLb, 56 1 BT ICEN, REMUEEE ., 72 0 baEns vIRe 22 UL M
N FRIEALT A bt A ~ HASTR/ci35 Z #f3xr L7-, HASTR/ci35 IX7 A k
mHh A RELTOLERBRELIAHA., MW HMEIBELZRET 22206, in
vitro & ~ BBB &7 /WAEEIZAH H7e/lila & 72 A RTREMER B 2 b T,
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Invitro & ~ BBB 7 /L1E, EHE MKW TEMEAEH O & N PRI TIEZ R
Mg B7-DOFRRAIEEY — L L7 n Z EBRHIRF SN TS, i b Hfli7: BBB ©7
VL, BMEC OA% g E LICHMEEBET LV Th D, L, AEKNEFEREIZ,
BBB &7 /LEFEIZIBWTEH BMEC 78 BBB & L CORE X EST 5720121, FIH
WAFET DT A bt A PRI Y Yo b & O AR 2 R 2R 5 E 2 R
T2 ENHBITND 47 48) 0 FERZ, BMEC BUER R R Ltk L C, 7 & ki
A FBIXORY YA FED 3 FELEHERICBWT, EV BBB HEREARIET H 2 &N
WiESN T D 17,4950

k& 72 FED BBB ET AR INTWVWAH T, FT U AT 2 )L AT AxE AN
72 BBB E7 /UL, HEGHIREEE NS TH V ILAMEICEN D Z L6, AIFEMEICE
WTHIELSFERAEN TS, "IV AT LY AT AL, EEO R —F v L 3—
ETHDOT 78T E—F % U N—BRT 7 4 NF—IZLD 2 DDa/X— KA |
IZXE SN EEERD, 2O N7 AT o)W 3 FEOMIEZ ILEE T BRI,
A — FOREHIZ BMEC, A ¥ — FOEMIZRY H A | FL— hOEHEIZT
A haY A NEEET S EDS,. RO BBB 1B AN ERMRE KR LEMT S L
NHELANHILD B L BBB EFLCEWT, RF—F % o A—fl% i
W, 77872 —Fy oAl EBEL, R F—F % A —lCEm L7z
W, —ERMBICT 7872 —F v NI IT LIcEB2EETDHZ LIT X
0. Y OMFEATIHE Z D E &M 5 Z E N A[EETh 5 5152,

#1 BCHL L7k ARSEAT A brH A HASTR/CI35 # 5%, ZhE T
BBB # k4 %t F A~%{ BMEC (human brain microvascular endothelial
cells/conditionally immortalized clone 18, HBMEC/ci18) ¥ XUt N A3E(L~Y Yo
I~ (human brain pericyte/conditionally immortalized clone 37, HBPC/ci37) @ 3 Fi%H
DOt ML BBB MlaOBIR M TN TE = 12 — b Do =—7 Ia R bk
MAE2A7T % 3 FHEOEe M BBB Mildz iAot THEZE S5 hiBBB 1, BE
FOET VLD SPLAMICEN., 2>> BBB IBEZ&E S REFT25 Z &R s, Al
IR ICHAIRE TH D EEZX B D,

% 2T, % 2 ETIEk MSE{L BBB Miflda Hu 2 hiBBB ZHE5E L, % ORRESRF
MErHENET 2B E LT,
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o5 2 Hi  EBRME - 51k
2-2-1 il O ORIk

HASTR/ci35 1355 1 B CTHISZ L7=H @, HBMEC/ci18 35 L O HBPC/ci37 |3 B R K
BIRFTHS. SN D& AV, 5%C02/95%air, 33°CTH;#&E L7-, prHBMEC (IE
e MMEZEHk) X Cell Systems (Kirkland, WA, USA) X WiEAL (o2 v h&
7 : 376.02.03.21.2F ¥ X" 376.03.04.01.2F) . HBMEC/ci18 #lifim & [F] UKz T
5%C02/95%air, 37°CTE;# L7-, prHBMEC %, &M 325 ClIfkftE 4. mRNA
FEHT CIIMEREL 5~7 ORIl EZEH L7, 8587 4 v aldad—or -4 71T
A—FT 4 T EINTEbDOEMEH L, LM 215 ®IT Table 6 (27 L
77

HBMEC/ci18 1%, PNEzffu LS (VascuLife complete medium, Vas-comp) Tk
# L7, HASTR/ci35 5 LN HBPC/ci37 1%, FLEiT A huthA ~HI5E £ HI

(Astrocyte growth medium, AGM) I XY H1 FHEGH  (Pericyte medium,
PM) ThiE L7-, SEHOMBIZLLTO®Y Th o,
eVas-comp : JEfERsH VascuLife basal medium (7 7R 7, K, HA) ([ZEINA]
& LT 5 ng/mL human fibroblast growth factor-basic (hFGF-b) . 50ug/mL ascorbic
acid, 1 uyg/mL hydrocortisone (HC) . 15 ng/mL human insulin-like growth factor-1

(hIGF-1) . 5 ng/mL human epidermal growth factor (hEGF) . 5 ng/mL vascular
endothelial growth factor (VEGF) . 0.75 unit/mL heparin, 10 mM L-glutamine, 2%

(viv) fetal bovine serum (FBS) (£TZ 7R UL HEA) . 100 units/mL-
100ug/mL penicillin streptomycin (pen/st)  (Thermo Fisher Scientific, Waltham, MA)
F L OV 4pg/mL blasticidin S (InvivoGen, San Diego, CA) #/llzx 7% D,
eAGM : JL i 52 Hi Dulbecco’s modified Eagle medium (DMEM) high-glucose
GlutaMAX pyruvate (Thermo Fisher Scientific) (Z#AMNAl & L T 1% (viv) N2
supplement with apo-transferrin  (Wako) . 10% (v/v) FBS (Thermo Fisher
Scientific) . 100 units/mL-100ug/mL pen/st 3 X Y 4ug/mL blasticidin S #1272 %
D,
oPM : JLHfEEZH pericyte basal medium IZIRINFIE LT 2% (viv) FBS. 1% (w/v)
pericyte growth factors, 1% pen/st (4T ScienCell, San Diego, CA " HEAN) B
X WM 4pg/mL blasticidin S # % 7= % D,
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hiBBB % 3 i & M A~%{k BBB #ifid (HBMEC/ci18, HASTR/ci35 # L O’
HBPC/ci37) % h T2V AT x )by A7 ACHEFE LTS Lo, EEER 7L O R
IZ2OW T Fig. 18a (s Lz, BARMICIZ, Mk, v — b (12 vz ¥
4 7, translucent polyethylene terephthalate, 0.4 um high-density pores, BD Falcon,
Franklin Lakes, NJ, USA, cat# 353494) (%, 100ug/mL # A4 7 IV =27 —% > (¥H
YIF o, KK, BA) BILW 100ug/imL 7 + 7 o %27 F > (Thermo Fisher
Scientific) OIREIRIREHWT, 37°CT 1 Kl > FaX—F L Ta—T 17 L
7o IBREWIR 2 & i ¥ 7-1%. phosphate-buffered saline (PBS) (-) T_J&
Ve LT A Lz, hprBBB E7 /L1, 3 fEOMIED 9 5 HBMEC/Ci18 %
prHBMEC (ZE & #ix 5 Z L THESE L=, 7272 L. Fig. 18a TRLIZAF—LD H b
step3 OEFFEIREL 2 37°CTHEM L, ZALSMNE hiBBB & [FIERO FNETHEZE L 72,

HRE2FBAMG O 2 BT (D-2) 12 HASTR/ci35 (2.5 x 10% cells/cm?) % 12 7 =)L
L— hOJEmIZ, HBPC/ci37 (3.0 x 10* cellsicm?) %A > W — bk OEMNFERE L 7=

(Step1) . #H (D-1) & HASTR/ci35 3 L O HBPC/ci37 D/ LiFE D=, Hizk
REDZEHE (33°CHn6 37°C) B L UMbk R A~DOLE (HASTR/CI35 DEG %
AGM /57 A h A o biFEssih [Astrocyte differentiation medium, ADM] (Z
IEH) BB 7ro7 (Step2) . F0 24 HE#% (DO) 1= HBMEC/ci18 (1.3 x 105
cells/cm?) = WEHla 7 bikEE:H (Vas-comp VEGF/hEGF free, Vas-comp V/E
free) H:iiZ VT HBPC/ci37 MRS N7-A v — FORNPNZERE L7, D1k,
HASTR/ci35 N#EfE S 7= 7L — PN DO Z ADM 72 5 K EE 55 (brain
parenchyma medium, BPM) ([Z&H L, % Z 12 HBMEC/ci18 5 J. TN HBPC/ci37 7345
fishieAf oY —bra2Ey LT 33CTHiET HZ LT 3 BILEELHK L

(Step3) . HH5#N S 24 Ktk (D1) ICHFEMT A2 272 o72, E7 WS
W B B A E T Table 7 1R Lz, 2-2-1 CTHlpLZ /R L7ZLIAAOESHT,
BBB 7 MBLEIZ AW =B RIILL F i@ Th 5,
eADM : AGM 75 FBS # L ! blasticidin S #B:%. 1 mM dibutyryl cyclic AMP

(dBcAMP)  (Santa Cruz Biotech, Santa Cruz, CA) # iz 7=t 0,
eVas-V/E free : Vas-comp 7>5 VEGF, hEGF 3 X O blasticidin S # g\ = 8 D,
eBPM : JLHELSHI Neurobasal medium (Life Technologies) (2. ##lE LT 1%

(v/v) N2 supplement with apo-transferrin  (Wako) . 2 mM L-glutamine (Wako) .
100 units/mL-100pg/mL pen/st I z 7= % D,
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2-2-3 RNAffitH, cDNA &t LY 7 v A LAE & PCR (QPCR)

RNA #1121 ISOGENT (=v AR v—r) ZHW=, cDNA &%z,
PrimeScriptTM 15t strand cDNA Synthesis Kit (¥ 7 7, #&, BA) ZHWI-,
gPCR IZ Table 7 IoR"T 7 I 4 ~—t& v h&HWTEHEZ 720, PCR OMIIEZIHEN 1
2TV L 2R LT, AR delta-delta-CT E&2 W CHENT L7z, WERFEIE L L
T glyceraldehyde 3-phosphate dehydrogenase (GAPDH) @ mRNA &8 & % {# H
L7z,

2-2-4 iYLt (Immunocytochemistry, ICC)

Wiz PBS () T¥E L. 4% paraformaldehyde (747 A7, KK, BA)
ZHAWT 4°C, 15 pfilA o Fax— L, BELHREZBZRo7c, BERZ VL.
0.1% triton-X Z HH TR T15 oA o FaX—F L, BBUHEB I 2o7-, =
BREVEE L. 3% (v/iv) bovine serum albumin (BSA) (Wako) # iz 7= PBS

(<) ZHWTERT 45 mfE L7y X7 Lz, —kHukE% Can Get Signal
immunostain solution A (CREERH;, KPR, HA) THEHERERICHRL, H|IRT 2 K
WA % 2_X—h L7z, “KkPiiK% Can Get Signal immunostain solution A CT#&-#y
PG RICHIR L, | T 1 Bl A % 2_— L7z, Z—k¥ifka PBS (1) Tl
#%. &YV 7T fluoro-keeper antifade reagent (0.1% [w/v] p-phenylenediamine
and 68.8% [v/v] glycerol, pH 8.0) TH A L7z, EH v ¥ -4 |21, 4'.6-
diamidino-2-phenylindole  (DAPI) ([ AL2ARFZERT, REA, HA) ZfEA L7z, &
FeRRHIZ X, Zeiss LSM780 LA sgE%H: (Carl-Zeiss, Oberkochen, Germany) %
AWz, R L7-PURIZEET 215 i Table 8 IZR L7,

2-2-5 RNA-sequencing & 5 — 4 fii bl

prHBMEC & HBMEC/ci18 Z #1241 ? total RNA (4200 ng) % RNA-sequencing
WZEEH L7z (Genewiz, H, HA) , EMER%Z DO RNA 7L % NEBNext
Ultra Il RNA Library Prep Kit for lllumina (New England BioLabs, MA, USA) % f\»
T cDNA 7477V —E8IZfFH L7-, NovaSeq 6000 77 v h 74 —2Ah (A3
T, BV T N=TING T 2T KE) EHWT, X7 RU—F U R E
150bp @ RNA ElFZRE L7z, U — REl%% GRCh38 (hg38) (Zxf L T7T 71 A
v ML, BinTiBlE%Z HTSEQ v0.6.1 TEm L7z, FEHHTIZA L7 mRNA F8EL
X, fragments per kilobase of exon per million mapped reads (FPKM) fid >5 &
L7z,
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2-2-6 RN ESIESL (trans-endothelial electrical resistance, TEER) D&

TEER #[ElX. Millicell ERS-2 (Millipore, Darmstadt, Germany) (Z STX01 &
(Millipore) Z¥EE L7 D& HFAV, A —h—DOF3HEICNE-> TEMi L7, TEER &
(Qxcm?) X, FREoRUTHKSE, MEBECEIUE (R [cel]) b7 7 v 7O
e (R [blank]) Z=51&, A o —FoFmiE A (12 V=LA o — D545 0.9
cm?) ZHNTHZ ETHEI L,
TEER (Q x cm?) = (R [cell] — R [blank]) x A

2-2-7  In vitro BBB &im M Ek

WY E O BBB il EERIZ. hiBBB £7213 hprBBB % AV T Z /257, Hil
MEEF A4 — % PBS (+) (Invitrogen) T—FEydL7-%, K%
Hank’s balanced salt solution with calcium and magnecium (HBSS) (Thermo
Fisher Scientific, Waltham, MA, USA) (252 L. 1% 4 hiBBB D54 1% 33°C,
hprBBB D34 1% 37°CT 10 Bl 7 LA v FaxX— g L-, FDO%IEEA 37°C
2B L., &A1 % — o apical il (A) ITHEERWEZIRIML TT vt A ZBia L7z,
WERE L, U ANRF I (EARPEHE, J, AA) | I ~vEE L (Sigma,
St. Louis, MO, USA) . A~>F > (Sigma) ., 7=t K73 (Sigma) . K
F_UL (Wako, KB, BHA) | =77 LY (b T, #Ha, AA) | 7
z=hrA>Y (Wako) . £~ KA (Wako) . U AU K> (Wako) , A/
> (Toronto Research Chemicals, Toronto, Ontario, Canada) . 77 / ©—/L

CRRbpk %) . NvavwAf v (Wako) . A L FH—FK (Sigma) . &7
+ X% %> (Combi-Blocks, San Diego, CA, USA) . /L 7 7 —A = — (lucifer
yellow, LY, Sigma) . ©—# I 123 (rhodamine123, R123, Wako) B X O% > b
2L (Wako) ZfEM L7z, #BWE ORMERINIREX, R123 & ¥ hr L
S5uM, ZDOftx 1uM (TR E L7z, 37°CTRILZBIME L721% 30 47, 60 77 LT 90
REIA U F aN— L7tk FREAIZBW T A Y — RO basolateral il (B) 7>
OIERZRI L., R Ol EMEE 2 E LT,

P-gp. BCRP 331} H*Y/OC antiporter MPHLEERIT, ZZh R BRI ER] £
T XA E 2 AW TER L7z, P-gp FEEANZIZS 7 2 2R Y 2 A (CysA, 10uM,
WHERALAK T2%) . BCRP FLEHIICIE Ko143 (1uM, Sigma) % 7=, HY/OC
antiporter (Zxt 3 2B A HE L. Bl HY/OC antiporter JXETHHE U 73 (1
mM, Sigma) ZHW\z, ZbOREASH D2 WIEHEAEREE L A - — ~O apical il
& basolateral IOMANZHEIL, 2 FFIO T LA X aX—Ta 0%, EiRDF
EIZE > TR A B 2o 7o,

LY & R123 o HIEIX. SpectraMax ~ A 7 n 7L — kU —%— (Molecular
Devices, San Jose, CA, USA) #H\\W T, it e E (nm) % LY X
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428,536, R123 (% 505,7534 (2% E L THIE L=, ZDOMDILEMIZ OV TR,
QTRAP 5500 LC-MS/MS + 27 A (AB Sciex, Framingham, MA, USA) % L C
EEONT LT, v— LW 7 ud Atlantis T3 77 2 (100A, 3 uym, 2.1 mm x
50 mm, Waters, Milford, MA, USA) T4y L7-, BEIFHIZ0.1% (viv) Figx &l
KBEDR 01% (Wv) XBEzELT7TE M= U D OIER SN DR EEHR L,
m/z DL Table 9 (2504 L 7=,

BB OFEEIRE (Permeability coefficiency, Pe, x10% cm/s) O H k% LA
TR LE, £ % — ko apical lDEE (Capical) . basolateral {f d i fE

( Cbasolateral ) . apical fl ® & f& ( Vapicat ; 750uL) . basolateral {fl] & &

(Vbasolateral ; 2250uL) ZHWTUTONXL Y 7 V7T o RKEEZHE T LT,

Cbasolateral X Vbasolateral

Cleared volume, ¢, g (UL) = ¢
apical

Capical X Vapical

Cleared volumeg ¢, 4 (UL) = Com 1
asolatera

VT T AR ERFRIC LT ey NLTZ U7 7 A EZ1ER LT,
HEEE (PStota) BEL T 7 7 HE (PSinset) D27 U7 T U AMIFROEEZ 22N ZE
HHL, ZnEThofomsoEsRH L, NERBOFZRIE}EHREME (PSe) %L
ToOXTRDT,

1 1 1

PSe B PStotal PSinsert

BRI PSefiza A o — FoFRmEEA (12 7 = /bA > — FO%A 0.9cm?) TEH

HZEWZEY, FEfRE Pe fEEH T LTz,
by _ PSe
©=a

P-gp 3 X ONBCRP OHEH k7 > AR — % —HEBE & R AE T 5 72 D O U5 ik sk B
TlX. basolateral fl|)>& apical {fil ~® Pe fi (Pesa) % apical {fi|7> % basorateral fH
? Pe fi (Peas) THIDHZ & T, TORITHESEJiHIL efflux ratio (ER) & HIL
77

Pegy

ER =
Peyp
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2-2-8

&

e

alp

AT

WRHENTIX ystat2006 (E5-ERD, HL, HA) ZHWTITo7z, LHEEEIT, £
7" one-way analysis of variance (ANOVA) I[Z X VT L, ZDHRAR 7 =1 —

=ik
WL U7z, 2 R O LbigiiE, unpaired Student t-test Z2 AV TT - 7=,
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Table 6. Composition of culture medium used in this study

Medium name Vas-comp Vas-V/E free

Cells HBMEC/ci18
Basal medium VasculLife
Culture supplements
hFGF-b + +
Ascorbic acid + +
HC + +
hIGF-1 + +
hEGF + —
VEGF + —
Heparin + +
L-glutamine + +
FBS 2% 2%
Pen/st + +
Blasticidin S + —
Medium name AGM ADM
Cells HASTR/ci35
Basal medium DMEM
Culture supplements
Pen/st + +
N2 + +
FBS 10% —
Blasticidin S + —
dBcAMP — +
Medium name PM
Cells HBPC/ci37
Basal medium Perlt_:yte
medium
Culture supplements
Pen/st +
FBS 2%
Pericyte 4
growth factor
Blasticidin S +
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Medium name BPM

Cells HASTR/c_i35,
HBPC/ci37
. Neurobasal
Basal medium .
medium
Culture supplements
Pen/st +
N2 +
L-glutamine +

Vas-comp, VascuLife complete medium; Vas-V/E free, VEGF- and hEGF-free VascuLife complete
medium; Vas-FBS, VascuLife complete medium with FBS; FBS, fetal bovine serum; HC,
hydrocortisone; hFGF-b, human fibroblast growth factor-basic; hiIGF-1, human insulin-like growth
factor-1; hEGF, human epidermal growth factor; VEGF, vascular endothelial growth factor; Pen/st,
penicillin streptomycin; AGM, astrocyte growth medium; ADM, astrocyte differentiation medium;
DMEM, Dulbecco’s modified Eagle medium; dBcAMP, dibutyryl cyclic adenosine monophosphate; PM,
pericyte medium; BPM, brain parenchyma medium.
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Table 7. Primers used in this study

Primer name?@

Sequence (5’ >)

(4PCR)
GAPDH F
GAPDH R
P-gp F

P-gp R

BCRP F
BCRP R
Claudin-5 F
Claudin-5 R
Occludin F
Occludin R
VE-cadherin F
VE-cadherin R
ZO0-1F
ZO0-1R
GLUT1 F
GLUT1R
TIRF

TIRR
MFSD2A F
MFSD2A R
INSR F

INSR R
JAM-A F
JAM-A R
LAT-1F
LAT-1 R
FcRn F

FcRn R

AGC CAC ATC GCT CAGACAC

GCC CAATAC GAC CAAATCC

GGA AAT TTA GAA GAT CTG ATG TCA AAC
ACT GTA ATA ATA GGC ATA CCT GGT CA
TTC CAC GAT ATG GAT TTA CGG
GTT TCC TGT TGC ATT GAG TCC
GTG CTACACCCAGTGTGC TG
CCAGTT CAG GTGACACCACTT
CCCTTT TAG GAG GTAGTG TAG GC
AGC CAT AGC CACTTC CGT AG

AAT GCG TCC GTG CCT GAGTCG T
GTG GTC TCC CAC AGT GGG GTC G
TGATCATTC CAGGCACTCG

CTC TTC ATC TCT ACT CCG GAG ACT
GGT TGT GCC ATA CTC ATG ACC
CAG ATA GGA CAT CCA GGG TAG C
GCG GCT GCA GGT TCT TCT

GAC AAT GGT TCT CCA CCAAACA
ACC TAT TGG ATG TGG CTC AGA
GGC CCACAAACAGGATGAT

CAT TTATGT CCAGACAGATGCC
TGG GAT GAT GAG TTAGACACT G
TGA TCG CGA TGG GGA CAA AG

AAT GCC AGG GAG CAC AAC AG

GTG GAA AAA CAA GCC CAAGT

GCA TGA GCT TCT GAC ACA GG

TGA AGG GAA CGT CGT CCT

CTC CCA GGA AGG AGA AAG AGC

aF and R indicate forward and reverse directions.
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Table 8. Antibodies used in this study

Antibody Source Product code
Primary antibody
Mouse anti-P-gp monoclonal IgG Bf)?g(t:ir%rlgzy sc-55510
Mouse anti-BCRP monoclonal IgG [Novus NB100-2177
Biologicals
Secondary antibody
CF555 Donkey anti-Mouse 1gG (H+L) Biotium 20037
Table 9. m/z information
Q1 (precursor
Compounds miz) Q3 (productm/z) DP EP CE CXP
Rivastigmine 251.297 86.1 5 10 35 11
Carbamazepine 236.952 193.98 44 5 27 15
Memantine 180.196 107.068 65 8 36 11
Diphenhydramine 256.258 167.021 41 4 21 13
Donepezil 380.198 91.273 95 11 67 13
Efavirenz 316.008 243.807 76 10 15 19
Phenytoin 253.212 181.991 58 11 25 13
Indomethacin 358.088 138.813 68 11 27 11
Risperidone 411.25 191.163 75 8 36 15
Gabapentin 172.157 154 46 12 23 13
Atenolol 266.933 145.134 72 10 37 11
Vancomycin 1448.605 1305.243 205 12 46 45
Dantrolene 313.001 228.147 50 -8 -19 13
Methotrexate 455.157 308.167 75 11 29 17
Cefotaxime 456.002 166.974 80 11 31 15

DP, Declustering Potential (V); EP, Entrance Potential (V); CE, Collision Energy (V); CXP, Collision

Cell Exit Potential (V)
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55 3 Hi AR
2-3-1  HBMEC/ci18 (23T 2 MFEHN 28 a7 v 7 7 A /LT

£ 9. HBMEC/ci18 (28 2 MM e BI5 TR T a7 7 4 LV EIT L,
prHBMEC L Dbz 729 Z & T, Z O S HBMEC/ci18 725 & DFEE
BBB B #RFF9 20 & fiet L7, RNA-sequencing fEMNT DGR, & O@Els 3
B7u 77 A NVOEKRKELME (1/13~3 FLUNOZELE EFR) 1L 97.6% (ﬂ%%kiﬁ
5 MRNA @ 95 5 6203/6359) EEWZ ERHABNE /2 o7-, F7-. BBBIZE L HH
95 mMRNA 7ty MZEB LELEEICBWNTHZOHME LS <, %ZFL%?}”L TJ

EHETIX 84.6% (11/13) . /AL TIE 100% (9/9) . SLC NIV AR—X—T
X 90.9% (10/11) . ABC K7 » AKR—%—"7TiL 90.0% (9/10) Toh »7= (Fig.
14a) , MEMTIZEEA U7 B R 7 OFEMIX Table 10 (2R L7z,

S BT, 2 SOMMICEHT 5 BBB BT IO BT 5 1A £ 0%k % qPCR 12 K

EEMIZE L-, 085, HBMEC/ci18 (25175 BBB fHEIA D mRNA
F 881X prHBMEC &R TH Y . HBMEC/ci18 23 AR 72 BBB & 2 REF L
TWp Z Enmesnse (Fig. 14b) o FEHTICHE ] L7 AER)E s T OFEMIT Fig. 14
DONFNZFHFH LTz, ZNDOREEND, WfMIIEE LB BB T 7 7 AL
EAETHZEPHALNER o2, LI OIS TlX HBMEC/Ci18 i L Y
prHBMEC =Nt % fv /= BBB EF LV AE L, T OMEEMRIT2FE i+ 252 & &
L7z,

54



All genes
HBMEC/ci18 prHBMEC Tlght-Juqctlon Surface SLC ABC
J proteins receptors transporters transporters
97.6% 84.6% 100% 90.9% 90.0%
(6203/6359) (11/13) (9/9) (10/11) (9/10)
b @HBMEC/ci18 @prHBMEC
0.12 - 0.0004 0.025 0.00008
T 0.02
E’E 0.1 4 0.0003 0.015 0.00006
5% 0.08 0.0002 o%g; 0.00004
ﬁ‘g 0.06 - 0.0001 0.00002
a & S AN
x 0 i 0 £ 0
2z 0.04 Claudin5 ¥ «© S MFSD2A
Z 0 0.02 -
o
ET 04
& N SR S RO & SRS >3 s
& o X F & LTS < & v &
S Vo @ F LY < S €
42

Fig. 14 Characterization of gene expression profiles in HBMEC/ci18 cells and
prHBMEC

(a) RNA-sequencing analyses were performed to compare differences in gene
expression profiles between HBMEC/ci18 and prHBMEC cells. Among mRNAs
identified, those carrying the FPKM value above 5 were picked up and used in
comparison analyses, and "the similar gene expression level" between the two cell
types was defined as its difference within the 1/3~3-fold range. Based on the results,
the Venn diagrams were depicted for all pickup genes, as well as subsets of BBB-
enriched genes (tight-junction [TJ] proteins, surface receptors, solute carrier [SLC]
transporters, and ATP-binding cassette [ABC] transporters), to visualize the degree
of the overall gene expression similarities between the two types of the cells
(indicated by the merged areas). The gene numbers identified/examined are also
shown. The list of genes used in subsets analyses are summarized in Table 10. (b)
The mRNA expression levels of BMEC-enriched genes in HBMEC/ci18 cells and
prHBMEC were validated using real-time quantitative PCR (QPCR). The targets are
vascular endothelial-cadherin (VE-cadherin), zonula occludens 1 (ZO-1), junctional
adhesion molecule A (JAM-A), claudin-5, occludin, P-glycoprotein (P-gp), breast
cancer resistance protein (BCRP), glucose transporter 1 (GLUT1), transferrin
receptor (TfR), neonatal Fc receptor (FCcRn), L-type amino acid transporter 1 (LAT1),
insulin receptor (INSR), and the major facilitator superfamily domain containing 2A
(MFSD2A). The values were normalized to glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) mRNA levels, and the results are shown as the mean +
SEM obtained from three independent experiments. Each experiment was performed
in duplicate.
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Table 10. The list of target genes used in RNA-sequencing analyses

T|ght-jur.1ct|on Surface receptors SLC transporters ABC transporters
proteins
Z0-1 LDLR GLUT1 ABCA2
ACTB LRP5 SLC2A3 ABCA3
Vinculin LRP6 SLC2A6 ABCB10
AFDN LRP10 4F2hc ABCC1
VE-cadherin TFRC SLC6A6 ABCD1
JAM3 FcRn SLC6AS8 ABCD3
CTNNA1 B2M SLC7A1 ABCE1
B-catenin IGF1R LAT1 ABCF1
JUP IGF2R SLC16A1 ABCF2
GSK3B SLC23A2 ABCF3
CD31 SLC38A2
RPS13
JAM-A

Z0-1, zonula occludens-1; ACTB, actin beta; AFDN, adherens junction formation factor; VE-cadherin,
vascular endothelial-cadherin; JAM, junctional adhesion molecule; CTNNA1, catenin alpha 1; JUP,
junction plakoglobinl; GSK3B, glycogen synthase kinase 3; RPS13, ribosomal protein S13; LDLR, low
density lipoprotein receptor; LRP, Low density lipoprotein receptor-related protein; TFRC, transferrin
receptor; FcRn, neonatal Fc receptor; B2M, beta-2-microglobulin; IGFR, insulin-like growth factor

receptor; GLUT1, glucose transporter 1; SLC, solute carrier; LAT1, L-type amino acid transporter 1;
ABC, ATP binding cassette
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2-3-2  hiBBB O##gtis L U5 J71E D feiift

i Cib 7= X 912, BMEC 78 BBB & L COFiME2 ST 57201217 A b
A MBI YA F & DA EEZH %2 K727, BBB %7*/1/%7& BN
Th, TAPaY A FBLORU YA FEDOHERICI D ET AN EKENLT D Z
EMHEINTNWG 448 22T, RiffgEick\Ts HBMEC/ci18 (BMEC) |
HASTR/ci35 (7 2 ku# A k) LT HBPC/ci37 (“\OU“H‘/I’ ) ZHHAEDETZ
hiBBB #4452 & & L7z, —fi%iZ, BBB ET7 /LDOIEEEIC IEER S M
OFEfE, a—T 4 T A4 — MNEOFH R & Dkkx fii*%x#ﬁ@“i“ﬁ“é z
&ﬁifu%ﬂfwé 53-58) & Z C. ARHFFEIZHB VT H ., hiBBB 23 KIROBERE & 4
T 5 T2 OIS B IR i 7R R SR A Et LT,

F9. NI AT 2 VIS 2 B OAEIZOW T, WEORFHIBW T,
H7p DA E TCOEROLEERET VA HE LR R,. BMEC Bts:#E7 /L (E00)
LIS LC, AERo BBB I btV ERIRICH S EPA EF /L (BMEC [E] 131
vHr— N EE, XYY AN [Pl IEA Y —FDOEM, YA IrHA b [A] 1TTL—
MER) IZBWTHRbEWNY THEEEZ R LT,

WIZ, 2 OMEOKEZR ESE 270 OBESFEEMRF L, £7°.
HBMEC/ci18 (2 2>\ T, HLEE#IFONEM M O A BREF L7z, ZE TIZ
VEGF X° EGF 7¢ & OB FRN 1, M nE TH 525, BBB N Y THEEE
(ITEEE A KT Z LR ENTUN D 5657 | 22 ¢, ZhE CHIRAK RS2
\Z W T & 7 B IR 1 % aﬂméﬂﬁﬂiiﬁ%ﬁﬁiﬁfﬂ (Vasculife complete kit, Vas-comp)
75 VEGF B X hEGF #BrE L7-HiH (Vas-VIE free) #/EHL L. Fig. 18a @
step3 IZEBWTA P — h~D HBMEC/ci18 & |24 Vas-comp 75 Vas-
VIE free 224t L C 1 HZIZ TEER fHZfi#tr L7z, £ D#EH. Vas-VIE free Z{HI L
72E7 )LClX, Vas-comp &~ T 2.15 &V TEER fE (Vas-comp; 50.4, Vas-V/E
free; 108.5, Q x cm?2) N H L= (Fig. 15a) . L7=ni»> T, HEkoEsE & FRERIC
it VEGF B L O hEGF #FrETHZ EII2L V. hiBBB £7 /LD /)Y THEEEN
M ET5EEILNT,

WIZ, HBMEC/ci18 DHMIfaREFRIEFE M N U THEREIZ 5 2 D BIZ DWW THRFT L T2,
ZIVE TOMFTIX 2.6 x 10° cells/om? DFFFRIREZ W TE 723, £ O OFFE
R 1.3 x 105 cells/cm? & THFEREZ{X FSHTH TEER fEIFE(L L e o7

(Fig. 15b) . AEEtOfER, NV THEEICEE L 5 2 TICHFERE 2K sE 5 2
CFIREIZZ2 D 1 IR RER U = VBB 5 2 L T, AET VDA N—T
v hal BIZER D EE X B,

WIZ, ZFEFlECH 5 HASTR/Ci35 35 L O HBPC/ci37 Db & & 5720
ﬁm@%%wﬁm%ﬁﬁmg®zﬁ(%c#%mWCA@QE)%@ﬁbto*mk
L C. Fig. 18a IZ/R LT-BREDH T, step2 % 33°CTE I 72> =B iEdEsh # ik
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I7TCHHE LY HE LKL, TEER Dm Licxd 2 /IR ILEEh 33°CT
1.30 f¥, 37°CT1.76 5 ChH-7= (Fig. 15¢) ., ZDZ &2, HBMEC/ci18 (Zx}7
DN I BB R A 5 & T 72 9I2i%,. HASTR/Ci35 ¥ LY HBPC/ci37 dik
BB AT O A Em e N B R ETN 2 R 2 LR S vz,

Flo, EEEERDIR LB L DICHBERILERMB ORI 2B 2 o7, NUTHE
HEDOFEEECToH D TEER fEIX. HEEEB4E 1 HLIZI1EX E00 £7 /L & ik L C EPA &
TIVTEMEEZ R L, Z0%DV73< L 5 HEICE > CR%SOM A2 MR L 7= (Fig.
15d) . ZHDHDOFERNG . RARZIFITILEEERMS 1 B S EBEIICRES N, 2D
BRI R EHEFFAETH D Z LN LMo T,

X5, ERoANY THEEEOREHIINZ T, 5 1 DOEE 7 BBB M TH 5 3K
e v 7 v AR —%— (P-gp BX O BCRP) ORHE L OMEREIZ DWW T HEHIL
72 £, hiBBB 285 P-gp LT BCRP DiE HE FEH 2 M fafz Ye iz X
D EREAT LT-, FOfER. E00 3 L OVEPA OMET /MZEWT P-gp 5L BCRP @
EHERANRED HIL, TORBEILEC £F7 /L &k L TEPAET /VIZBWTEL
WO bz (Figs. 16a B3XL WM b) . E72, hprBBB 23\ TH —HYAMEIMEW
DD, hiBBB & I[REEDMHZ R LTz, ZTOEAHERH L~ E—EL T, hiBBB @
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Fig. 15 Characterization of barrier properties and optimization of their culture
methods in hiBBB models

(a) The trans-endothelial electrical resistance (TEER) was measured in hiBBB
models constructed under the different vascular medium. The HBMEC/ci18 cells
were co-cultured either using Vas-comp or Vas-V/E free medium, and TEER values
were measured on day 1 after initiating co-culture. (b) The TEER value was
measured in hiBBB models constructed under the different cell seeding density of
HBMEC/ci18 cells. The HBMEC/ci18 cells were seeded into the insert at the
indicated cell density using Vas-V/E free medium, and started co-culturing, then
TEER values were measured on day 1 after initiating co-culture. (c) The step 2
(please see Fig. 18a) was performed either at 33°C (w/ the step 2 at 33°C) or 37°C
(w/ the step 2 at 37°C), and the effects on the TEER values of HBMEC/ci18 cells
were compared. The TEER values of the EO0 model (w/ the step 2 at 37°C) were
also determined for comparison. The results represent the mean + SD of values
obtained from three independent experiments. Each experiment was performed in
duplicate. *, p < 0.05; **, p < 0.01; **, p < 0.001. (d) The TEER values of the EOO
and EPA models were examined at days 1, 2, and 5. The results are the mean £ SD
of values obtained from three independent experiments. Each experiment was
performed in duplicate. ***, p < 0.001.
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HBMEC/ci18 prHBMEC

Fig. 16 Protein expression profiles of P-gp and BCRP in HBMEC/ci18 and
prHBMEC cells.

The protein expression of (a) P-gp and (b) BCRP in the EO0 and EPA models using
HBMEC/ci18 and prHBMEC cells were examined by immunocytochemistry. 4',6-

diamidino-2-phenylindole (DAPI) was used for nuclear counter-staining (blue). The
experiments were repeated three times and representative pictures are shown.

EOO

EPA
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Fig. 17 BBB permeability assay using P-gp and BCRP substrates in hiBBB
models

BBB permeability assays were performed in the EOO and EPA models using
representative P-gp and BCRP substrates. Among them, (a) quinidine, (b)
desloratadine and (c) R123 are P-gp substrates and (d) dantrolene is a BCRP
substrate. The concentrations used were: 5uM for R123 and dantrolene, and 1uM for
quinidine and desloratadine. After the addition of a compound to the apical side,
incubation was performed for 30, 60, or 90 min. Medium was collected from wells and
the concentrations of the corresponding compounds were determined. Using the
concentration data, the permeability coefficient (Pe) values were calculated. Each
value is the mean (SD) of values obtained from three independent experiments. Each
experiment was performed in duplicate. *, p < 0.05; **, p < 0.01 vs EOO.
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Fig. 18 Characterization of the BBB functionalities in the hiBBB and the
hprBBB models

(a) Schematic drawings are shown to provide an overview of the development of the
hiBBB and the hprBBB models in a 12-well transwell culture system. Additional notes
are: the membranes of cell culture inserts (translucent polyethylene terephthalate,
0.4 um high-density pores, BD Falcon) were incubated with 100 pg/mL type-IV
collagen/100 pg/mL fibronectin solution at 37°C for one hour (extracellular matrix
coating). The inserts were dried by air and rinsed with phosphate-buffered saline
twice. (b) and (c) The trans-endothelial electrical resistance (TEER) and the lucifer
yellow permeability coefficient (Pe) values were measured in both BBB models on
day 1 of co-culturing. (d) and (e) The bi-directional transport assays with 5 yuM
rhodamine123 (R123) (a P-gp substrate) and 5 uM dantrolene (a BCRP substrate)
were performed using both BBB models. The efflux ratios were obtained by the
equation: ER = Pesa/Peas, where the Peas and Pesa values were permeability
coefficients (from the apical to the basolateral direction and vice versa, respectively).
Validation of the P-gp and BCRP functions was performed using their specific
inhibitors (10 uM cyclosporine A [CysA] and 1 uM Ko143, respectively). Each value
represents the mean (SD) obtained from three independent experiments, each
performed in duplicate. **, p < 0.01. Each dot represents the individual value obtained.
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ZDOREHEMEIT hprBBB L RIFRETHDH Z LD LN E 7o T,

64



1,000 -
900
800
700
600 +
500
400 -
300 +
200 A
100 -

Memantine Pe
(%10 cm/sec)

Memantine

Memantine

Memantine
+pyrilamine

Diphenhydramine Pe

1,000 -
900 +
800
700 -
600
500 H
400 +
300 -
200
100 A

(x10% cm/sec)

Diphenhydramine

*kk

Diphenhydramine Diphenhydramine
+pyrilamine

Fig. 19 Characterization of proton-coupled organic cation (H*/OC) antiporter
functions in the hiBBB model
Permeability assay with the H*/OC antiporter substrates memantine (a) and
diphenhydramine (b) were performed in the hiBBB models. Memantine (1 uM) or
diphenhydramine (1 uM) were added to the insert chamber, followed by incubation
for 30, 60, or 90 min. Concentration data were used to calculate Pe values (from the
apical to the basolateral direction). In the competitive analysis, pyrilamine (1 mM)
was used as a competitive inhibitor. Each value represents the mean (SD) obtained
from three independent experiments, each performed in duplicate. ***, p < 0.001.
Each dot represents the individual value obtained.
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Fig. 20 Characterization of the BBB permeabilities of BBB permeable (BBB+)
and non-permeable (BBB-) drugs and compounds in the hiBBB model

The hiBBB model was used to assess BBB permeability to several drugs and
compounds with differential BBB permeability profiles. The BBB permeable
compounds (BBB+) were rivastigmine, carbamazepine, memantine,
diphenhydramine, donepezil, efavirenz, and phenytoin. The non-BBB permeable
compounds (BBB-) were indomethacin, risperidone, gabapentin, atenolol,
vancomycin, dantrolene, methotrexate, cefotaxime, Ilucifer yellow, and R123.
Risperidone, gabapentin, and R123 are P-gp substrates. Dantrolene and
methotrexate are BCRP substrates. Memantine and diphenhydramine are H*/OC
antiporter substrates. The concentrations used were: 5 yM for R123 and dantrolene,
and 1 uM for others. The Pe determination was performed as described in Figures
17-19. Each value represents the mean (SD) obtained from three independent
experiments. Each experiment was performed in duplicate. Each dot represents the
individual value obtained.

67



Table 11. List of the compounds used in the BBB permeability assays

Compounds Pe (x10°% cm/s)
0 Rivastigmine 2580 + 782
§ Propranolol 1280 + 686
g Carbamazepine 935+ 133
; Memantine 716 £ 165
§ Diphenhydramine 703 £ 153
E Donepezil 582 + 352
Eg;;' Efavirenz 357 £ 106
o Phenytoin 313 + 153
Indomethacin 180 + 11.8
é Risperidone 153 £ 39.6
é. Gabapentin 134 £ 35.1
8 Atenolol 102 +21.3
% Vancomycin 48.6 £ 30.0
g Dantrolene 45.0 +4.48
$. Methotrexate 49.7 £25.0
§ Cefotaxime 52.0+23.2
% Lucifer yellow 27.7 + 415
R123 5.69+0.73
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Fig. 21 Relationship between in vitro BBB permeability values and drug
physicochemical properties.

The Pe values of tested drug and compounds from the hiBBB models and
relationship with their (a) molecular weight, (b) cLopP, (c) polar surface area, and (d)
hydrogen bond donor count, respectively.
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fEMTI . EILBRFE DORIIERZ [0 LS5 OICHATH D, —KIC PKIPD f#tr
(i, AR EYRE RV S 52, TR OGE . 26N ~D3EY
DOBATEHIRT 2 BBB OAF(EIC LV | (AT KR B 2 FEEE I I N OFERIERAZIC 35
FAIHENERZMIT 2 Z ENNETH D, D7D, FARIEFRIZIB O TIEMA
PR NI B RET 237 A—2 L LTHWOHIL, Z OMNIEY R E
EAMAZ TR 2 0D FEB BRI OHERE D, ZNETIZ, 20O LD RMNEY
BREOTRNIEMZ AW ERTITONTE R, #ie b b EORICITEEN &
V. b hEEHOIEYEIRRIZIE LT LIETEESRBO bND, —T5. B MIBW TR
Jibd PN S R T A BRI E T & 72\ 726, Positron Emission Tomography (PET) #&
BRSO BEWR  (cerebrospinal fluid, CSF) H¥EMIREZRE & LIiHMiAME L 705
N, WTIHEMCREENE L, WWHBZRFETIER Y, LER-T, B MIEB
T D RN SRR A L0 fRIC T D TIEOMESI N EN TV D,

—IZ e MCBT 2 OENEETRICH W ON L BWENEEE T L, R
E7 /b, semi-PBPK €7 /LB LW full-PBPK EFT /WIS, %EIEEETT LD
BHEMER ST, BBRET VITEREZ 1~3 HD 3>/ 3— Kk X2 kN Triik 3 2 i 72
ETNTHDLN, EHFEHRT A= EFER Lo, AER~O/FEITZ L
65 —J5. full-PBPK EF /WIIFEFICE Da v = A bk, &6
ICEBROFMA B MRS EOABENFRICESSEREMAINT 2 LT, &
BRAET VLD b L VARITIVERESGD Z ENARETH 5 6580 | Z DR S,
t MMEENS O ETIRERE T 7B ATE W CTCH-TH, ful-PBPK &5
NVEERTDZ ECL Y, Mk OREMIBEO TR FTRE L 720 67,68 | Kp|Z Xt
PREEIRIZ BN TIE, PET A A=Y 0 7% CSF S lA1THT L b & M CTOMMPIEY
RETHNAAETHD EMFFSNTND, —J7 T, full-PBPK 7 /VITET MAEED
BHES O, MEICE KRR & 7 N 2 B4 2 5T, BRERIE 7 /L & bl U TYLRME
(255 %,

W, 2N OMBESEZ RS 25 5EE LT, BRBRET LVOILAMEL ful-PBPK
T NOTHREEOR R Z A DE T CNS-PBPK EF LB EE SN TS 10
CNS-PBPK E7/LiX, KA DIIRBRAET M E S /— kA R T
FLIR T2 DI xt L, WMPITAMRIG R Z IR L72fsZzea > N— h A > N CREMT %
Z LT URME & TG & DR RO R A R,
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ZIVETIZ, CNS-PBPK 7 /L& HW5 2 LT, BEFHEO L MNUNEDREZ T
PAEECTH D Z L RMEEN VD 10 ZOTFHIENE&EDDT-DIC, O in
vivo PK 7 —% | in silico EAb5T — & 3 L OYME Sk Tid 72 3E BMEC #ifg (1 %
IX. Caco-2 M=ol 4 D b7 o AR — & —i R B % AWz in vitro Fiit
T—X . InbELNTE BBB BT A= N LI LIFRAS N TS, Ll
NG, BERT — 213, FEICERT L BEMEGIEED Y X7 2 HICEZATE
w19 F£72in silico WMEULFET —F OHTITRTER DO L 5 ICFRIANETH D, £z,
BMEC & 3k BMEC #ifid Tld, MAHEESS T v AR —F —OFIT 1 7 7 A V)35
72572, E BMEC MO AICITESWiwmNH D 69, LieR-T, ERRo kD
7R EBNOE LT BBB FEEMENT A —F ZH\W T MM ERYEIRE & &8 ) ok
R THITHZ EIIRNEETH 5,

FROMEEZ wIRT 720D =727 Fa—F L L, invitrot s BBBET /LD
IERARZE X b5, in vivo B F BBB#EEMEORKEE LT, N7 AT /LU AT A
Z W= Fm iSRRI L 0 15 5 407= in vitro @ BBB %/ 3T A — X % CNS-PBPK &
T AIATe 55 (BBB/PBPK 15) # W5 Z LT, b MMNIEWIRE & i E )
ORFERS FHTE SN TWD, LrLRRb, ZHETIT in vitro & b
BBB E7 W55 B 47z BBB @i/ N7 A —2 3, EOREER b in vivo © BBB 1%
WPEZ KB T D MO THIRAES L TE 57, BBB/PBPK kD %Y 05 Bl
ATREMEIZ DUV TRRRE S L7 A 13720,

T, B 3ETIE, B2 ETHELL hiBBB #{tFMt s BBB 5 /1& L
THUW., BBB/PBPK ¥EMEEEIZMTC BBB &Iz 5 IVIVC (in vitro—in vivo
correlation) ZBHLMNZTHZ EZBME Lz, BMRMICIE, & NERT —% 2 A0
Tmhy 777 u—FCiS3&, CNS-PBPK ET A bHEELIZE b in vivo D
BBB Zid /X7 A —% & hiBBB 72515 547z in vitro @ BBB &M/ T A —4% LD
IVIVC %f#fT L, BBB/PBPK L% W= #i7-7c b NIMPNERY IR B T HITEAREE O Al e
PEIZ DWW TRRRE L 72,
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52 85 EEASE - ik
3-2-1 CNS-PBPK &5 /L D4

CNS-PBPK &5 /L ORI % Fig. 22 (TR L2, @EORE 10 THEINE-ET
VicksSE, WAMZEZB L THROTT L2 L0 @HIC LTZ, £E YD PK fF#T
IZiE, 1-32 2 N—= R AV FETNVERT 2-a 2 3= AV METALOWT L EE
M L7z, ATICHWE PK XZ A —=21F, 1 RTGEEER Ka) . 2T R

(CL) . Fbm /= h A PBIORM I N—= A FOGAMER (Ve BLD
Vi) , "= AU REZUTZZ2 (Q1) Thd,

IR B EET T/ (nonlinear mixed-effects model, NONMEM) (2 X % RHEM]
M@ BE  (population pharmacokinetics, PPK) f##71%. NONMEM version 7.3
(subroutines ADVAN 13; ICON Development Solutions, Hannover, MD, USA) % H\»
THEfE Lz, fMTIcRBIT 23R ke L, —wirliE (first order, FO %) %4
AL L., FO {EOIPEELS &5 uﬁj&')taJr 17k E LT, R =Y liE (first-
order conditional estimation, FOCE %) (23 CTEARIZE B NT X —% n RN
KENT A—4 ¢ LOMEE%E%E L= FOCEI i (first-order conditional estimation
method with interaction) Z£¢M L7z, Mt TEEA L7 TRENIZLL T @y Th

o
dA ¢
diu = —Ky X Agose (1)
dCy (Q1 + CL + Qgcr) Q1
Vc dtc - K Adose - Vc X fu,p X AV{: + 71 X AVl X fu,p
+ = leff X Agas (2)
SAS
dCyq Q1 Q1
Vi dt Vc X Ay X fup v, — X Ayg X fu,p (3)
dCgcr Qpcr Qa if f
VECF'TzTXAVchup_FLCFXAECF (4)
C
dCpy leff Qaiff
. —— XA X A 5
vy Vecr ECF — Vi Lv (5)
dCrry  Quaify Qaifr
. = X A X A 6
TFV " ¢ Vi LV Very TFV (6)
dCem leff Qaifr
. X A X A 7
My Very TFV — Vear M ()
dCSAS Qa IS o Qa
Vsas - —— l X Acy — AP Asas (8)
dt cM SAS
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FRORKIZEBNT, C & AIZENENEYEEL L&, Ve & ViiZznend.i

T R—FAV MBI ORM I R—= AV FOJAERE, Qiidar/S—hk A2 |k
W7 V7T 2%E£ L, ZHBIEEMKTFET D PK /RT A— 5’?%%6 QecF (3L
B kSN (Brainecr) ~O 27 V7 J > A% 7R L, in vivo IZK1T % BBB i%ifd
PRT A= L L THWSEND, Qi X CSF @?ﬁﬁﬁﬁ%%ﬁ”/\7%‘—5’“(%@
Qecr B LN Quirt 1XEANE A OIMEEMENE T A—X TH 5, V. Virv. Vom B &
O Vsas 1ZZ N ZHURIAN= (lateral ventricle, LV) . % 3 3 XUV 4 = (third and
fourth ventricle, TFV) . K #% (cisterna magna, CM) . < & & F %2 [

(subarachnoid space, SAS) |[ZEBIT B AEEZR L. T OITERE R OAPY
H/NTA—=2Th D, ITICHWZE MZBIT HEBFR/NT A —4% % Table 12 (2
~LT,

Blood BBB Brain

g @ 2\ [ Qeen fu (%
I

Q, vA 5

diff

/ ¢ leff
CLtotaI T Ka CS FCM

CSF
K ) Qdiﬁ SAS j

Fig. 22 Development of CNS-PBPK modeling using human clinical data

The structure of the human CNS-PBPK model is shown. The model consists of two
empirical compartments for the systemic circulation and five physiologically based
compartments for the CNS. Brainecr, brain extracellular fluid (ECF); Viv, volume of
cerebrospinal fluid (CSF) in the lateral ventricle; Vtrv, volume of CSF in the third and
fourth ventricle; Vcm, volume of CSF in the cisterna magna; Vsas, volume of CSF in
the subarachnoid space.
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Table 12. System-specific parameters used in CNS-PBPK modeling

Parameters Human References
Brainecr (mL) 260 10), 70)
Vv (mL) 22.5 10), 70)
V1rv (ML) 22.5 10), 70)
Vewm (mL) 7.5 10), 70)
Vsas (mL) 107.5 10), 70)

Brainecr, brain extracellular fluid; Viv, volume of CSF in the lateral ventricle; Vtrv, volume of CSF in
the third and fourth ventricle; Vcm, volume of CSF in the cisterna magna; Vsas, volume of CSF in the
subarachnoid space

PK /X7 A —X OEERZEENT, LTFO LS e hifaicié> CTET b LTz,
0; =6 -exp(n;) 9)
ZZT, 6 i FHEREO/NT A—FE, 0 IIREMEAE, nilEE 0. ik
w? OIEHDITHE ) MFRER T D, AL LTMT@tt{ﬁJﬂ/\#%Tﬂ/%'fjﬁiﬁﬁ L7z,
Cij = Yprepij % (1 + &) (10)

ZZC, Cij 1THERE | ORFR j BT D EMIEENIEM. Yrrep,i |ZFEMIEEHEE
il & 1T EME 0. 438K 02 DIEMIADARITHE O MERER TH 5,

3-2-2 HRAES THIMEERE S (Visual Predictive Check, VPC) IZ X A2ET/ILDT
HIPEREREAM

Hi%E L 7= CNS-PBPK 5 L 0 FHIPEAE 2 VPC 12 £ W #Ffii L7, VPC &1E, T3l
U 7= S OO K B A1 2 T IR & S & 00 B0, PO —Bhe 2 4058
V2B Ial— g _NR—2DIEHETH S, BIRICIE. FF A AN
FEREOSGL . EFANLY I a2l — gy SNETHIEOSA 2 g L, =+
TNAOTHERFHEZ O L TV D0, TN D D 5HE EOREN, £ DR
B CTRBEAY K % 07 & B LRI IS FTA © & 2 8502 i, ACRRHT T3, MBS L
TN OREMEREIE T A —ZICHESE, HEEICAWEA Y VT LT —42 %
v hEYIal—varFr 7 L—RELT 500 HOMTZ LT TFHARY S 2
b—va raFE Lz, BonTRIREO TR (FER) & 95% THIXH (&
RS AR (B UM) LI L. AR TR % L L7
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3-2-3 27 v Mk BT /LOmE MmN

M4 L7z CNS-PBPK E7 /L Ot AZ W7 v v M IV REt L7, 27 e v
h& LT, s 0Ky EEOFERAE (Observation, OBS) & REEM )3T A
— ZIHAS L FHME (prediction, PRED) . FOCE BTk L 7o RH-TEH D T k7=

(conditional weighted residual, CWRES) & PRED., & 62 CWRES & Fffij & £ 4
ZFnT7my bTHZ 82D TR REBEEROGE, & 25 3R R K
128972 CWRES Dffifi 0 O HE 2 54 L 7=,

3-2-4 BBB %M/ NT A —Z (2835 v b IVIVC fighT
FENTIC VN 8 HEANZ SO\ TC, 85 2 B2\ T hiBBB % V7= %M =5 515
S3U7- in vitro BBB BT A —% (Pe fl) Z#ifhic. b NEKRT—Z ZHANWT

3-2-1 THEEL L 7= CNS-PBPK E7 AL HERE S 47z in vivo BBB @it/ N7 A — %
(Qecr) ZMEHIZ T 7> b L, #EEGESTICZ W MHBEMRERZZHEH LT,
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55 3 Hi AR

3-3-1 CNS-PBPK E7 /L O#EEF LN in vivo & k BBB &ili/N7 A — 4 Qecr D

=

A

B2 FEIIBWTE LN hiBBB 2 AW 7o B @SR 55 57z in vitro Pe fi &
OFEABMR ZfENT 3 2721z, & MNFRT —# Z VT CNS-PBPK ET /L ZHEEE L |
t R T in vivo BBB iZi8/X7 A —% T 5 Qecr ZHEE LT, MEATICHEH L 72 3CHk
THESINTWD e NfRT —# % Table 13 12F & 07-, b MEKRT —X DATFIC
IZBR Y 238 0 . Fig. 20 THEii L7z in vitro @ tERER D 5> 5 o 11 FEplz >
EERIR TOME NN & D WIIIIT IS o R B IR E I MS b v o 72Tz
D, RIS e G R E NS S Tz 8 Fil Lob\fd)%kﬁﬁﬁ%io_ttoto

F9. FEH L7 CNS-PBPK 7 VO YMZRT72HIZ, VPC il a2k Z 72 -
ko%®%%\WOE@@ibt/\:V~v5/ﬁ%@%ﬂkﬁ%%F@$%ﬁ

(PR BLO 95% THIXKE (fEEsy) X, FEHfE (FACZH) @ VFE&*EH/A
—HLTEY, ALLREVITED b oT- (Fig. 23) . £/, EEOZH
2y MR E, RERRYITFED T (Figs. 24a-c) | :m%@fﬁ%%
DD, HEEE L 7o CNS-PBPK &7 /L3 3EAI DY IR L Rl D 7' 1 7 7 A L& Flib
Té%?‘/vk LCHUTHDH EFZEZ BN, WIT, #EE L7 CNS-PBPK €7 /v % M

. 8 EOIEMIZEIT D in vivo &  BBB % Fﬁ/\7)‘ # Qecr ZHEE LTz, F61
71 QECF OHEEMEZ, o/ NT A —2 L L {2 Table 14 1% L=,
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Table 13. Summary of the human clinical data

Number

Compounds Dosage of Age Cond!tlon Sam_p!lng Ref
of patients position
samples
I I I I I Uninflame
Cefotaxime  infusion 6 52-79 d CSF,s 71)
meninges
Efavirenz p.o. 80 36 - 52 HIV-1 CSF,¢ 72)
Indomethacin  infusion 31 03-12  Healthy CSF 73)
' children SAS
. Partial
- CSF
Gabapentin p.o. 5 22 -38 epilepsy SAS 74)
Methotrexate  infusion 1 40 Glioma Brain_. 75)
Phenytoin infusion 6 25-60 Epilepsy CSF ¢ 76)
Propranolol p.o. 37 30-73 Diagnosis CSF ¢ 77)
Rivastgmine  p.o 18 45-g5 ~ Alzheimer — cgp 78)
e s disease SAS
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Visual predictive check

Plasma and CSF/ECF concentrations of each drugs in Human

Plasma 5% and 951 % — Median @ Observation
CSF or ECF 5% and 951 % — Median @ Observation
Cefotaxime Efavirenz Indomethacin 100000 . G@bapentin
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2100000 10000 1000 510000
2 10000 ’g E ?E”
= 5 1000 5 100 < 1000 [
S 1000 £ £ 10 s
© [ S 100 s 3
£ 100 S $ . .
2 £ 10 £ 8
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1 = e [s] 10
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Fig. 23 Visual predictive check of the CNS-PBPK modeling

Predicted (middle solid line: median; shaded area: 5" to 95" percentile prediction
interval obtained from 500 independent simulations) and observed (closed circles)
concentration-time profiles for eight drugs in plasma and CSF (for methotrexate, the
ECF data were collected from a microdialysis study 7).
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Table 14. Parameter estimates for eight drugs in CNS-PBPK modeling

Paramet Cefotaxi Efaviren Indomet Gabape Methotre ~ Phenytoi Propran Rivastig
ers me z hacin ntin xate n olol mine
I 1 1
f 0.71 0.005 0.1 0.97 0.48 0.1 0.064 0.36
up (Ref.79)  (Ref.73) (Ref.73) (Ref.80) (Ref.79) (Ref.81) (Ref.82) (Ref.78)
0.179
K (h ) ) 0.420 ) 0.119 0.421
2 () (0'05)037 (0.101) (0.0344)  (0.16)
804 22.7 18.5 13.2 151 1450 418
CL (L) 14.8 (1.14) (3.82) (313)  (0.0393)  (50.3) (234) (69.5)
46.6 9.59 10.7 9940
L/h - - -
Q (L) 435 (18.9) (4.73) (0.107) (1430)
0.0978 0.031 0.00938 0.00131
Qcer 0.070 0.443 0.871
0.00355 (0.00014  (0.00867  (0.00315  (0.00000
(L/h) 6) ) ) 305) (0.0137) (0.619) (0.165)
9.93 0.0401
1.05 6.42 3.39 0.723 0.424
Q.. (L/h
an (L) 0.101 (0'02)098 0223)  (4.18) (o.gg())oz (0.560)  (0.334)  (0.0861)
V_(L/h) 1.04 98.5 1.44 77.4 (© 365248 294 1.63 0.530
¢ ’ (0.151) (0.439) (13.0) ’ ) (5.74) (2.92) (0.157)
V, (L/h) 15.6 ) 1.93 76.4 9.4 ) 124
! ’ (0.673) (18.2) (0.0628) (72.1)

The parameters were estimated by NONMEM (subroutine ADVAN 13) using the plasma and CSF or
ECF concentration-time profile of each drug in humans. The values in parentheses represent the
relative standard error of the estimate.
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Diagnostic plots

Population analysis-predicted versus observed values
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Diagnostic plots

C Conditional weighted residuals (CWRES) versus time
Cefotaxime Efavirenz Indomethacin Gabapentin
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Fig. 24 Diagnostic plots for the CNS-PBPK modeling

(a) Diagnostic plots for population analysis-predicted versus observed values. The
line represents a correlation coefficient of 1. (b) Diagnostic plots for conditional
weighted residuals (CWRES) versus population analysis-predicted values. (c)
Diagnostic plots for CWRES versus time.
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3-3-2  BBB @il /NT A —Z 2T 5 b I IVIVC f#t

8 W O\ T 2 BT hiBBB % IV CHIH L7= in vitro @ Pe fii &, 3-3-1 THE
ELT in vivo ® Qecr & OAREAZEMNT LT, TR, A N FL P —FDF—X
RA Y MIETFTHTWAEOD, il 7 3y (VNRF Iy InrT /a—
IV, T 7 ELY Txz=bh U AV RAZ T IR TFUBINE T £
Z X ) AZOWTREMEIFIRICERE L TV . mWiEEFE (R2=0.96) 7®
Wb (Fig. 25) . ZOREFRIE, D7 &b L7z 8 >\ T, hiBBB
ZRWTHE SNz in vitro ® BBB Bt/ A — %33, b b in vivo THEE S L7l
BT D L EPEIR LTV A,

Human IVIVC
5 =
R*=0.9614 Rivastigmine
Propranolol . .f‘..
< 05 Efavirenz '-&’-"
= ”
vt _-
i 0.05 Indomethacin »—# BBB+
SR ” .
Phenytoin
S BBB- ,O' yt
> .
P‘Q"- Gabapentin
£ 0,005 -
O Cefotaxime
”
“r O—' Methotrexate
0.0005

30 300 3000
in vitro Pe (cm/sec, X10)

Fig. 25 Correlation analysis between in vitro Pe values obtained from the
hiBBB model and in vivo Qecr estimated by CNS-PBPK modeling using human
clinical data

IVIVC using in vitro BBB permeability (Pe) obtained from the hiBBB models (x-axis)
and in vivo brain permeability (QecF) (y-axis) determined by CNS-PBPK modeling
using human clinical data, is shown. The dashed line is generated by linear
regression analysis with R? value.
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In vitro £k BBB 5 /L& CNS-PBPK =57 VU v 7 2 flAH A by iz Tk

(BBB/PBPK i£) DOFELIZ XV, b MENEMIRE ZSE SR E R < FHIFTEEIC
% kﬂﬁﬁéﬂfb Lo LLARD B Z oI IEICIEAMEIN 72 < . BBB/PBPK 5% f#
AET 272D n vitro &k BBB T VOMEEEL UL EE D, REMGES LT
WV, 3 ETIE, BB 2 FECHESEL7- hiBBB 2{UEMt h BBB 5 /L& LT
A, BBB Zifd /T A —ZIZE3 5 in vitro & in vivo O &EWFEEBIESFR &2 B S vz
L7z, ZOfERIT, BBB/PBPK 5% HV = N B0 BE T~ It AT e 2 S FF
THHLDOTH D,

Frim Cik~7- X 912, BBB/PBPK ¥£ IXZDBEWERAMENS, EEMLBIFE~DIGH
DHIGF SN TWDENR, TOEBROEDIZIE, B b BBB 706 E53072 in vitro
BBB &t/ A —% 7 in vivo T? BBB ?333_@/\7% 2 % EOFRE R 2 )
ICRELEKFET D, ZOREHALNETHDIC, RIFETIH, & 2 BIZBWT
hiBBB % AW THIH L7=&E MWD in vitro Pe Eié: b MR ®RE W by 7
UUT I —F D& S L7 CNS-PBPK 7 /L BLHETE L7= 8 M D in vivo
t s BBB & (Qecr) & OFERHBIMRZMEMT L7=, Z D%, Pe i & Qecr OFHE
IZR%2=0.96 LIEHIZEm <. D & A EIfENT L7z 8 Mo\ Tik, hiBBB iin
vivo ® BBB @it % X < ﬁfﬁﬁ‘é ZEMHALNE T, ’%%ﬂé%?ﬁ'ﬁif ‘i ¥
Wr AT % BBB £ /VOMERRICKAET S 6 DD, hiBBB & W fFHC .

E’J X hiBBB LAt v s BBB 7 /MIZBWTH AT D»—?‘?ﬁijﬁ}f[\jﬁbf‘%

RRMENREZZ DND, D ORIRIZ, 4% D BBB/PBPK JARHIEIZI W THEHELR
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