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Figure 1-1. Scheme of the blood—
BRE 72X A NV v 7 v a L R Z 2 brain barrier.

AR—Z —DFEBLZ K & LTV 5[1] (Fig. 1-1),

EHMBHIEICI N T, EEMMEMLEY OADERLZ 2 Z T 5 =T
BBB %t & FERG KGR D By CIEREICHE 5 2 LIXEE TH H[2], B,
invitro BBB &7 /LT X % BBB @l iR 13T - ik 7e & D& 2 HIV Tz invivo
BBB Zia R (21T L CAT o 208, 82 VT in vive iRIT 2 — 2 )L —
Ty N THDHI NS, NA AN—T >y N2 in vitro SRR O BB CREMIL A %
BROIAD D Z ENEE LV, EIF, FRAMERE & BBB ORGHEIZ #5270 B
HWRHDHZEBHOLNERSTETHS[B], BlxIX, 7Y A ~—R Tl I
NOT I mA R BILESCHIRIFIHEZ(L & 0747 LT, Xl <> BBB 2L
BRI Z 5o TWD T EPRINTWND, FFIZT I v A FBILBBB il U T/
NIrBHE S 572, BBB OREREREFIZT I n A R pibEaEfbsE, 7
INA T —IROFIERIKNZ 2D 95 EEFEZ 6N TND, ZORIBREZRND,
BBB D3> BBB OAHE & B~ 29 HE 4 | flifE D IEMEI AT C & 5
& 972 invitro BBB ET /L OBFE R EENTWD, BEFFO BBB E7 /LTI

b D ARFEAL AN T i A P9 R A o mh 4 R SR AN B I A P B 72 E STV B



TW5723, BBB OFHETH Lm0 N THEENTHBLE N TN &0, FliE
kD e bDSERREE Z ERRMEE o TV D[4,5], 72, b MikfERkD
AFIIREETHY . b MIRETEMIRA 2 BBB £ 7 LV OREITILRA D H
A

WA, 2D ORMEEEIRT <, v N AT MR (PS) M SAXE if,
BN ARARAE (iIBMELCs) A3BHZE S 4U72[7-9] Z DM ITFRE 723 U 7 #ERE
A LTV D ATl BBB 7 /WICEIT 2 BB IS N A L 0 b EL T
D05, RN & U COMEREAMEN 2 & 2 D I B0 3 PN R AR & 132 7 5
ACH DI EIRBENTWAI0], & 2 TAMFIETIL, Y BERER - AERF
eI FTREZR in vitro & b BBB TF VAT 572, WNEFIEE L CTORF
AR b L7= iBMELCs Z#/Efi4 2% Z L # HAY & L7z, 5 % TiL, iBMELCs O
SHLFEEIZ BT D transforming growth factor beta (TGE-B) 5 A KFHE IR D %h R %
et UL R = F Tid, b b iPS FllaH SRS N2 aiBE GEPCs) 75 iBMELCs

~DOALFHEIEDRRE 21T > 7,



% % iBMELCs O/LBEHEIZBIT 5 TGF-p TREHEEKDOZR

21 #EE

iBMELCs % SEM B AEAF 7200 REATF RIS 3 2 7o 0121, AR PN o i =657 1fn,
BN EGAIROMERIZ T WA LETH D, BEAFOMEIZHIT S iIBMELCs (1,
ANUTHEREITSRE TH 5 b OO, WEGIE~ — I —DFETLA MR T < | LR
f~—7h—%—HBEHIL TWD EMEINTWD[10], F7z, iPS MaKDE
ICE > TN THEEICIES S 03 5 2 ENRIETH H[11,12],

ZIVET, BBB OHRERTH LY B A, 7R A hELOIEE
EIZLD . mERE7e iIBMELCs ~D b aetEd 2 2 & A 6 TE/2[13],
L L, SO ITEM B EZ B L EEMiao m v MRZEICREI T <,
AHMEZHRT LN LW MR 7 T == 713 LT, ©
Z CANIIE T, s aR iR E OB B 2 -V, 43{k L7z iBMELCs @
PRERS KON M LS, UMD & 5 BBB £7 /VORFE &R AT,

— I AR AL BT R ED D EMEE CHRA FIREZR 7D 3 A R AMEL | |
v MEZES DRV, £, AR OIERRIE L TRV | e~ OBRIMD H T
RIRZ TS D72 OIEFHITHETH O . & b iPS s & iBMELCs ~D 53 {bik
ERF L LTHRTHD EE X, TGF-p > 7L, fifusib, 78 h—3 &
EETIREAICE S L TEBY[14,15], BBB OX A NP ¥ 7 v a URERERE &
B L CWVWD Z EMME SN TWD[16,17], £DT-8. TGF-p ZFMREHLESK L
BBB 0¥ A "o x >/ vafigrmbEsds B2, L, TGF-B &
(R HE DY IBMELCs ~D M UIZ KT TR OV TIRET S TRy, £2
T, TGF-B S AR FEH A iIBMELCs D LA REEST 572 E 9 DDV TRifi L

7’9
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b I iPS Ak 610B1. 606A1 &, b MFHMAMILL V. 648A1 1%, & FRHIH
MmAlE L VB Sz, 2ot b iPS ikl RIKEN BioResource Center
(Tsukuba, Japan) X VA L7z, & MASELMIEEE TH S hCMEC/D3 i fd i
Merck Millipore (Burlington, MA, USA) X V. b FMEFEFIRNEMIRTH 5
HUVEC ¥ X O Endothelial Cell Media (& ScienCell Research Laboratories (Carlsbad,
CA, USA) LV A L7=, I:1 mixture of Dulbecco’s modified Eagle’s medium and
Ham’s nutrient mixture F-12 (DMEM/F12), StemSure hPSC medium, 3-(6-methyl-2-
pyridinyl)-N-phenyl-4-(4-quinolinyl)-1H-pyrazole-1-carbothioamide (A-83-01)., 2-[5-
(6-methylpyridin-2-yl)-1H-pyrazol-4-yl]-1,5-naphthyridine ~ (RepSox) .  4-[4-(1,3-
benzodioxol-5-yl)-5-(2-pyridinyl)-1H-imidazol-2-yl]-benzamide (SB-431542) |
cyclosporin A (CsA), Hoechst 33342, fibronectin, hydrocortisone, platelet-poor plasma
derived bovine serum (PDS), paraformaldehyde I3 & O 3',6'-di(O-acetyl)-2',7'-bis[N,N-
bis(carboxymethyl)aminomethyl]fluoresceintetraacetoxymethyl ester (calcein-AM) (X
Fujifilm Wako Pure Chemical (Osaka, Japan) X ¥ . MEM non-essential amino acid
(NEAA) B XY L-glutamine | Biological Industries (Beit Haemek, Israel) £ ¥ |
penicillin-streptomycin mixed solution (PS), accutase (X nacalai tespue (Kyoto, Japan)
£ U | 4-(2-hydroxyethyl)-1-piperazineetha-nesulfonic acid (HEPES) solution, L-
ascorbic acid, fatal bovine serum (FBS), 2-mercaptoethanol 3 X O* donkey serum %
Sigma-Aldrich (St. Louis, MO, USA) X ¥ | trypsin, collagenase type IV, Pierce BCA
Protein Assay Kit, KnockOut Serum Replacement (KSR). TrypLE select, Hanks’
balanced salt solution with calcium and magnesium (HBSS), 1,1'-dioctadecyl-3,3,3",3'-

tetramethyl-indocarbocyanine perchlorate acetylated low-density lipoprotein (Ac-LDL),



chemically defined lipid concentrate, lucifer yellow (LY) 3 & OF Human Endothelial
Serum Free Medium (HE-SFM) % Thermo Fisher Scientific (Waltham, MA, USA) X
V. Cell carrier-96 % PerkinElmer (Waltham, MA, USA)X Y . TC Protector (% DS
Pharma Biomedical (Osaka, Japan) & ¥ . mitomycin C |% Kyowa Hakko Kirin (Tokyo,
Japan) X ¥ | fibroblast growth factor 2 (FGF2)I% GenScript (Nanjing, China) X ¥ | cell
culture inserts (0.4 um transparent PET membrane) 33 X U8 Matrigel Growth Factor
Reduced (GFR-Matrigel) i Corning (Corning, NY, USA) X ¥ | (1R,4r)-4-((R)-1-
Aminoethyl)-N-(pyridin-4-yl)-cyclohexanecarboxamide = (Y-27632) 5 Focus
Biomolecules (Plymouth Meeting, PA, USA)JX ¥ | collagen type IV [ Nitta Gelatin
(Osaka, Japan) X ¥ | all-trans retinoic acid (RA)I% Tocris Bioscience (Bristol, UK) &
¥ . wvascular endothelial growth factor (VEGF)(Z BioLegend (San Diego, CA, USA) L
¥ . rhodamine 123 ¥ PromoCell (Heidelberg, Germany)d ¥ . KAPA SYBR FAST
gPCR Kit [¥ Kapa Biosystems (Wilmington, MA, USA) X ¥ | Triton X-100 (X
AMRESCO (Solou, OH, USA) X ¥ | 4',6-diamidino-2-phenylindole (DAPI){& Dojindo
(Kumamoto, Japan) & ¥ . Agencourt RNAdvance Tissue Kit /% Beckman Coulter (Brea,
California, USA) X ¥ | ReverTra Ace qPCR RT Master Mix (£ TOYOBO (Osaka, Japan)
£ ¥ . Endothelial Cell Basal Medium 2 |3 Lonza (Basel, Switzerland) & ¥ . collagen
type I solution |X Research Institute for the Functional Peptides (Yamagata, Japan) £ ¥
WA L7z, $URIC DWW T, anti-neural cadherin (N-cadherin) antibody (% BD
Biosciences (Franklin Lakes, NJ, USA) X ¥ | anti-GAPDH, HRP-linked antibody (&
Fujifilm Wako Pure Chemical & ¥ | anti-rabbit [gG HRP-linked antibody. anti-SMAD2
antibody . anti-p-SMAD2 (Ser465/467) antibody . anti-caspase-3 antibody (& Cell
Signaling Technology (Danvers, MA, USA) X ¥ | Alexa Fluor 568 goat anti-mouse IgG

(H+L) antibody., Alexa Fluor 488 donkey anti-rabbit I[gG (H+L) antibody, anti-zonula



occludens-1 (ZO-1) antibody. anti-occludin antibody. anti-claudin-5 antibody, anti-
glucose transporter 1 (GLUT1) antibody (& Thermo Fisher Scientific & ¥ | anti-vascular
endothelial-cadherin (VE-cadherin) antibodies |% Santa Cruz Biotechnology (Dallas, TX,
USA) X ¥ | Anti-P-glycoprotein (P-gp) antibody 33 & TF anti-breast cancer resistant
protein (BCRP) antibody & abcam (Cambridge, UK) X D EEA L7-, & OO IE %

TR TR DR & A,

222 HMkEEE

Fob7a e b iPS Al (610B1, 606A1 3 2 OF 648A1) IL mitomycin C ALERZ
X 0 BESERE % A5l L 72 mouse embryonic fibroblasts =T, 5 ng/mL FGF2 % &
1PS cell medium (20% KSR, 1 x NEAA. 2 mM L-glutamine, 0.1 mM 2-mercaptoethanol
Z i DMEM/F12) % VN THEE L7z, FHIBEK 21X 1 mg/mL collagenase type IV,
0.25% trypsin, 20% KSR, 1 mM CaCl, % %% Dulbecco's phosphate-buffered saline
without calcium, magnesium (D-PBS (-)) Z HV 7z,

hCMEC/D3 #fifdi% 5% FBS. 5 pg/mL L-ascorbic acid, 1% chemically defined lipid
concentrate, 10 mM HEPES solution, 1% PS. 1.4 uM hydrocortisone, 3 & T* 1 ng/mL
FGF2 % & ¢ Endothelial Cell Basal Medium-2 (hCMEC/D3 medium) H T L 7=,
#BAEIE TrypLE select THIEEL . 1:5 OFIA T collagen type | T2 — K L7277 1 v

2 RIS LTz, RN ESHSHT (TEER) fEOHIERTIZIX, collagen type I T2

— M L7ZBEAIAVTF v —A ¥ — MMl 5.0 x 10* cells/em? THEfE L, TGF-
B AR EE (1 uM) & H £ 7213FFEH O hCMEC/D3 medium THi#E % L7,

HUVEC (3 Endothelial Cell Media % FIVNTHT~ = 2 7 VIZHEWERFE LT,
TrypLE select THlifidd 2 KB L, 20 pg/mL fibronectin T=2— F L7= B/ I /LF ¥ —

AV — MZ 4.0 x 10* cells/cm? THERE L 7=, TGF-p ZAKMLERK (1uM) A £



721X FEE 4 @ HE-SFM based medium (1% PDS 35 L UV 1 x PS % & 49 % HE-SFM)

T 24 FFfRE# L=,

223 a—F 4 v7
GFR-Matrigel (37K _F"C iPS cell medium {2 T 30 AR L, 6-well 7' L — M

RLIEFyTEHNTE LIz, €Dk, 37°C T30 /oifiE L7,

Fibronectin 35 X T collagen type IV 1ZZ 41241 100 pg/mL, 400 pg/mL & 72 % X
9 D-PBS (-) THMRL, BABLF v —A P —FrH LT well 7L — MZE
Lic, £D%, 37°C TRADNAT ¥ —A ¥ — ME 4 K, well 7L — M1
IRF I AfE L7,

Collagentype LiZE ANV F ¥ —A P —F b L ITwell 7L — MIATEED

ek, BrEL, e S, BHATNIC D-PBS (-) Tt L7,

2.2.4 E b iPS Ml 5 iBMELCs ~D 43 {L#5E

Lippmann & D#HE[7,8]2 kAL L=7 0 ha—L&ZHfTe b iPS flN s
iBMELCs ~D /3 {bikE 21T ~>7=, b b iPS #lld% GFR-Matrigel T2—7 4 > 7
L7= 6-well 7L — MIFERE L, 35 ng/mL @ FGF2 %I L7~ StemSure hPSC
medium (2T 3 Hf®H L<IE 4 HFEEE Lz, ZOM., B #ImaIT o7,
bk iPS MRS 70% = 7L h OIRREIZ 2R o TRBECoM LA BRAE LTz, &
{LBA%E B IZE5 A iPS cell medium (2 L, 6 HRHE#E L7z, Z O], 5 HEGH
B EIT -T2, 43k 6 B HIZE: A 10 WM RA 38 LK T8 20 ng/mLFGF2 % & H 4 %
HE-SFM based medium T & 52 2 HIfE:#E L, 5 HES IS AZ 1T > 72, /3{L 8 H
HIZ/ LM 2 D-PBS (-) TPE% L. Accutase Z 1%, 37°C T 20 ZyRjEmE L

Too D%, M2 AV THEIL LMl 4 100 x g Tl L, A Rs] Lzik



(PR A 7 & IR A (R % . 100 pg/mL fibronectin 35 & U 400 pg/mL
collagen type IV DIRGHKIZTCa—T 4 7 ENTBLVINVF ¥y —A P —F b
L <IiE well 7L— RMIZ 1 x 10* cells/em? THERE L. 10 uM RA L 20 ng/mL
FGF2 % #sJ1 L 7= HE-SFM based medium |2 CHq# L7z, 20k 9 H B IZHq#i# RA
& FGF2 FE¥sI10 HE-SFM based medium (2255 L, H5%% L7z, 73{k 10 H BHIZ RA
& FGF2 FEHSND HE-SFM based medium CTH;HIASHE L, LI, BiiAc#idiT
72ino Tz, TGF-B ZRARBHEZRKIT/ME 8 HED 10 HEB £ TO 48 BEiL
770

2.2.5 TEER fEZHH

53t 9 H HELRE, 24-well BV VF v —A % — K L TEER fE% Millicell
ERS-2 (Merck Millipore) F 7213 cellZscope (CellSeed, Tokyo, Japan) Z{H/H L. ¥
=2 7 VIZHEWVHIE Uz, B R L TESAC 300 pL, JEJECH|I T 800 L & L
72 24-well BV I VT —A ¥ — b OHiFEIL 0.3 cm? TH 5, i TEER filx

EHEIZEL DNV T v —A Y — FOREEE BT ZE (Q - cm?) & L7,

2.2.6 LY DOFE#EAER
31E 10 H B IZE5H1 % transport buffer (10 mM HEPES solution % % ¢ HBSS) (Z

BEEHZ, 37°C T2 0MF LA rFax—ar iz, 300uMLY ZEHT 5
transport buffer Z TEGHAIZ AN X, 37°C T 60 73 A > & 2— ~ %, 100 uL DA
W % FE A 2> BRI U 7=, Transport buffer D% &L T T 300 pL, FEJEMIT
800 uL & L7z, LY (Wb ; 428 nm, @ 536 nm) Dz GiR LI Synergy
HTX multimode plate reader (BioTek Instruments, Winooski, VA, USA) THIE L. Gen

5 data analysis software (BioTek Instruments) % FCTHEHT L 7=,



2.2.7 RT-qPCR f#HT

Total RNA (% Agencort RNAdvance Tissue Kit DI~ = = 7 /VIZHEWHIH L
72o cDNA O %X ReverTra Ace gPCR RT Master Mix Z{#HH L CIfikff~==7
JTHE> TR L, Y=~V A 7 T —Z HWT 37°C 12T 15 43|, 50°C 12T
53, 98°C 1T T 5 pILEE L Cfs GRS 24T > 72,

RT-gPCR (& KAPA SYBR FAST gPCR Kit 3 X OF LightCycler 96 System (Roche
Diagnostics, Basel, Switzerland)Z IV T, 95°C IZ T3 07 LA v FaX—T 3
Y. 95°CIT T 3 M. 60°C IZT 31 DA 7 V% 40 A 7 AT ST, i
RIINTEME = > b e — L & LT hypoxanthine-guanine phosphoribosyltransferase 1
(HPRT1) %AW CHHIE L. i L7=, RT-qPCR Primer /% Table 2-1 IR L7=H D

Wiz,

22.8 SeERCYLAE

Cell carrier-96_ Dl 4% paraformaldehyde F N T1557 IR CHEE L.
glycine& A D-PBS (-) T3EMEHH. 0.1% Triton X-1005 A D-PBS (—) Tl
PR SRIEC250 4T o720 5% donkey serum% VW TCEIE C00 M7 v 7
AT o Tt —IRPUAZ IR T2 UG & 72, Glycine? AD-PBS (-) T3[RIUE
B L7, IR C RPURZ200(5 AR To0r I s S 72, Z DM, ik
HTH D1 pg/mL DAPI S FIRFIZ SO S W72, Z D, 3EID-PBS (-) THH4 L.
Operetta High-Content Imaging System (PerkinElmer) (2 CHEAT L7z, —IRFUKE L
CVE-cadherin, claudin-5, P-gp, BCRP, 35 X O"GLUT1% H\» 545414, Cell carrier-
96_D#ifE % 0.1% bovine serum albumin (BSA)#& A D-PBS (-) T3EIVEF%. 4%

paraformaldehydeZ VN T1553 =S CREE L. ##/£0.1% BSAZAD-PBS (-) T



3[EIBEF L7212, 0.1% Triton X-100% A D-PBS (-) (& TS EALEE 21T - 7=,
Z D%, 0.1% BSATAD-PBS (-) CT3EIWEHE L., —RHUEE U T4C T
J&t% . 0.1% BSAE HD-PBS (-) CT3[REIBEF, 200{5 47 L 7= kLR % vT60%
W=E TG &7, D%, 0.1%BSAE AD-PBS (-) T3[EIPEF L. 1 pg/mLD
DAPI% 553 [ S is &, iR % 4% paraformaldehyde & F VN TS5 fJALEE L, D-PBS
() T3[EIPEH L7z, f#MT I Operetta High-Content Imaging System!|Z CT{T - 7=,
Harmony high-content analysis software (PerkinElmer) % F\NCRBIEMARZ 7 7 >
MU, 3 well (6 field/well) OFEXHIfaE AR L7, BMEMassiE, BrEiiiai

SHlaECEIS Z LI LV ER L, £, @658 13, Harmony high-content
analysis software& FU T, 3 well (6 field/well) O ¥ a0 GsRE 2R H Lz,
BRI X, BONRE 2 SR CHI S Z LI L W B L7z, HtikIITable 2-21C
RLTZH D& AW,

229 BIREE AR
771t 8 H H ®#fifid% 100 pg/mL fibronectin & 400 pug/mL collagen type IV T =

— kL7 6-well 7L — MR L7, 72k 10 H HIZ, #la@% TrypLE Select (2
THIFEL., 300 uL @ GFR-Matrigel (JiiiR) Z ==— k L7z 24-well 'L — [T 6 x
10° cells/well, 8 x 10° cells/well, L < % 10 x 10° cells/well DM@ CHERE L |

HE-SFM based medium {Z 50 ng/mL VEGF % I . 7= 55174112 T 20-24 FRfiE#& L
7=. F D%, calcein-AM % & Tols i A FV TSR T 30 2y [M## & L. ECLIPSENi

microscope (Nikon, Tokyo, Japan) % W\ CERMEEZBIZZ LTz,

2.2.10 Ac-LDL Y ;AL ER
Cell carrier-96 D3 ffld % 10 pg/mL Ac-LDL % & {ek% i -C 37°C T 5 IFfi]

Bi#2 L. 10 ug/mL Hoechst 33342 % & Tel5 M AHE L 7o, SRIREICT 30 ZoiE
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U7z, H5HIC 4 [B]%eyg L7, Operetta High-Content Imaging System {2 CH > 7
IVEBIEL LTz, BpEMa 313 Harmony high-content analysis software % V>, 3 well
(6 field/well) DIFH¥E LTh v b Uiz, BRI 2 SiacEl s = Lic
0. MR R L,

2.2.11 Western blotting

#MAE % 1 x sodium dodecyl sulfate—polyacrylamide gel electrophoresis sample buffer
TR S o TV EERL L 7=, > 7L % polyvinylidene fluoride membranes
IZHRE- L, 4% Block-Ace solution |2 C7 B v % 7 %17 -7, Tris-buffered saline
containing 0.1% Tween 20 (TBS-T) (ZT¥EH L, —RHUAZ =R T 1 KFFELEE L
2o £ D% TBS-TIZTHEH L, “IRFUKRZ IR T 30 7y FALE L 7=, TBS-T (ZT
PEig L7-% . Amersham Imager 600 system (GE Healthcare Life Sciences, Chicago, IL,
USA) (IZ TR L, v 7 FAExEs{b Lz, /Ny 7 7 F 7 Rl Rolling Ball
algorithm (2 X W iEE L7z, HURIL Table 2-3 (2R L7=H D& A=,

2.2.12 P-gp B LT} BCRP DIHERRNT
96-well 7' L— bk RIZHERE L7-/E (0fk 10 B H) ORHA K514 . transport

buffer [ZEH#L L 37°C T 15 07 LA > F =~— bk L7z, Transportbuffer z 3|
%, P-gp DZFIRLEIK TH S 10 pM CsA F 7213 BCRP OZEEIEIHK TH 5
20 uM Ko 143 OFFE N E72IEIEFE T T, 10 uM rhodamine 123 F721% 20 uM
Hoechst 33342 % &4 9 % transport buffer |[Z{EH#2 L, 37°C T 60 43 A > F = ~X—
b L7z, £D%, #MildA D-PBS (-) T3 HEI¥EH L, 5% Triton X-100 &4 D-PBS
() CI&fi# L7-, Rhodamine 123 5 X O" Hoechst 33342 M d YR % Synergy HTX
multimode plate reader CiHJZE L. Gen 5 data analysis software (Z CTH#EHT L7z, 3k
MR DR 2 77 B & lE, Pierce BCA Protein Assay Kit % F W THIE L 7=,

11



2.2.13 iBMELCs D EREp R
71k 8 H HIZHfE % D-PBS (-) T¥ei¥ L. accutase Z 12, 37°C T 20 4y HEH

& L7, FO%, HEHizZAWTEILLZMIdE 100 x g Tl L, Bzl s L
721412 TC Protector & 11X | FHIREREIK & (EfLtE . —80°C DT 4 — 77 U —H —
(TG L7z, 60-90 3%, 7213 1 4 H B BORE MG 2 R L 72 b ARIRF L2 13,
&7z HE-SFM Z M L, MIRAAR 2 BrET 2720, MifldZ 15mL =HILE S
L<IEZ50mL @mILEIZE LT, 100xg TS5 omo Lz, m0%., Bz s]

L7 LW TR L. T OROERICHEH L,

2.2.14  HREHFRIERNT

) ZH I EERLTWD, EEART — X1 means £+ SD & LTHRL
7oo 2 BEM O H#RIT Student's r-test (2 &K > TITo 72, EMHIRKIO TEER fEHIE Fhk
TO 2 BRI LE#E 21X Two-way repeated measures analysis of variance & fl\ 7=, %
L OBRIZ1X . One-way analysis of variance % 1T 721 . Tukey’s honestly
significant difference test |Z & > TITo 7z, #FHoHTiCZIE IBM SPSS Statistics for

Windows, version 25.0 (IBM, Armonk, NY, USA) % Hu 7z,
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Table 2-1. PCR primer sequences

Gene Forward primer sequence (5’ = 3')

Reverse primer sequence (5’ 2 3')

VE-cadherin

GATTTGGAACCAGATGCACA

(NM_001795.5)

MDRI (NM_001348945.2) CCCATCATTGCAATAGCAGG

BCRP (NM_004827.3) AGATGGGTTTCCAAGCGTTCAT

GLUTI WM 006516.3) GAAGAGAGTCGGCAGATGATG

Occludin €WM_002538.4) TCCAATGGCAAAGTGAATGA

Z0O-1 WM _001355012.2) CGAGGGATAGAAGTGCAAGTAGA

MMP9 WM _004994.3)  TGTATTTGTTCAAGGATGGGAAG

HPRTI NM_000194.3)  CTTTGCTTTCCTTGGTCAGG

ACTTGGCATTCTTGCGACTC

TGTTCAAACTTCTGCTCCTGA

CCAGTCCCAGTACGACTGTGACA

GGAGTAATAGAAGACAGCGTTGATG

GCAGGTGCTCTTTTTGAAGG

TATTCTTCATTTTTCCGGGATTT

AGAAGAAAAGCTTCTTGGAGAGC

TCAAGGGCATATCCTACAACA

Table 2-2. Antibodies for immunofluorescence analysis

Target Source Catalog number Species Dilution
VE-cadherin Santa Cruz sc-9989 Mouse  1:25
P-gp Abcam ab10333 Mouse  1:25
BCRP Abcam ab3380 Mouse  1:50
GLUTI1 Thermo MAS5-11315 Mouse  1:50
Occludin Thermo 71-1500 Rabbit  1:50
Z0-1 Thermo 33-9100 Mouse  1:100
Claudin-5 Thermo 35-2500 Mouse  1:25
N-cadherin BD Biosciences 610920 Mouse  1:25
Caspase-3 CST 96618 Rabbit  1:100
Anti-rabbit (Alexa Fluor 488) Thermo A-21206 Donkey 1:200
Anti-mouse (Alexa Fluor 568) Thermo A-11004 Goat 1:200

13



Table 2-3. Antibodies for Western blotting analysis

Target Source Catalog number Species Dilution
GAPDH (HRP) Wako 35-2500 Mouse  1:1000
SMAD?2 CST 5339 Rabbit  1:1000
p-SMAD?2 (Ser465/467) CST 3108 Rabbit  1:100
Rabbit (HRP) CST 7074 Goat 1:5000

14



23 fER
2.3.1 TGF-p ZEEKHERLZ AW ToHLFHE L7z iBMELCs DK

Fig. 2-1A (&R L7271 b =L % W T iBMELCs % 43fb & 872, TGF-p %2 1A
PR SEAS AT N EHIAE & L C D iBMELCs OFRHEIC S 2 D BE D201,
FFFHOE YA Ac-LDL BV AL GRER, B IRAE T RGRER 217 o 7o, M8 PN EGH
i~ — 5 —"T& % VE-cadherin D3 B (Fig. 2-1B). 3 L " Ac-LDL H ¥ A 55k
(2RI DGR L A-83-01 DIRINIC X W AEICEEM L 7= (Fig. 2-1C), F7=.
%of FRRE GBS O TE I 10 x 107 cells/well AU ETH 7= DIZx L, A-
83-01 USHNEE TIZ 10 x 10° cells/well LLF T & & IR IE A 2Rk L 72 (Fig. 2-1D), TGF-
B 1%, endothelial to mesenchymal transition (EndoMT) Z /4% = & 3 E HH T
W% [18], & ZC. TGF-B FHFEIZ X 5 EndoMT D 75 /& N Rl & LT
Rtk & LS E T 5 L&, MEERMId~—A—TdH% N-cadherin DFEHL &
R L2, ZORERE., A-83-01 OYSHNZ X Y N-cadherin DI Bl & 134 B2
L7- (Fig.2-1E), %\ T, SHMLIBFEICE T D TGF-p & 7 F LRI DIE AL %
#8795 728, Westernblotting |2 L ¥ SMAD2 O U VRt & Lz, & DFER,
b8 HHIB LU0 H HOXHREETIZY VER{k S 4172 SMAD2 23 Hi S 4072723,
10 H H D A-83-01 IRMEECTIXIT & A EBE SN0~ 7= (Fig. 2-1F),
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Figure 2-1. The effect of TGF-§ inhibitor on iBMELCs differentiation.

(A) A schematic diagram of the protocol of differentiation of human iPSCs to iBMELCs. (B)
Immunofluorescence for the endothelial cell adhesion molecule (VE-cadherin; red). Blue; DAPI.
Scale bar, 100 pm. Statistical significance was calculated using the unpaired Student’s #-test (**p
< 0.01), control = 1. Data are represented as the mean £ SD (n = 3, n; sample number). (C) Ac-
LDL (red) uptake assay. Blue; Hoechst 33342. Scale bar, 100 um. Positive cell ratio was defined
as the number of cells with Ac-LDL uptake to the total number of cells. Statistical significance was
calculated using the unpaired Student’s #-test (***p < 0.001). Data are represented as the mean +
SD (n = 3, n; sample number). (D) Tube formation assay. The cells were stained with calcein
(green). Scale bar, 500 pm. (E) Immunofluorescence with mesenchymal cell adhesion molecule
(N-cadherin; red). Blue; DAPI. Scale bar, 100 um. Statistical significance was calculated using the
unpaired Student’s #-test (***p < 0.001), control = 1. Data are represented as the mean + SD (n =
3, n; sample number). (F) The phosphorylation levels of SMAD2 in iBMELCs were detected by
Western blotting analysis.

232 FA MPx 7 ¥ a UHRICKT D TGF-p B EFERDOE

ZA N xX T v a VBARICKTT D TGF- A MR EHKD R AT~ D728
2. A Ny a VIBEORRETH D TEER BEHIE L=, ZORE%R., &
TO iPS MIFKIZ IV T, A-83-01 |% iBMELCs @ TEER fli % 1 EIZHMN S 72
(Fig. 2-2A), & BT, > TGF- ZAIKHEIK TH 5 SB-431542 ¥ 1 U RepSox

WG E IS RO NR N BIEE S vz (Fig. 2-2B), TEERfEIZ# 1 h¥ v >
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7 va v OMEZBSHIICHE TE 5 — T, BIEEECEEICRE RFT
572 LY & W Tt ER 2 17 MR R 25 O RN 21T - 72, & DRt 5,
A-83-01 % LY OFBFEE (Pe) IOV THLAEIK T EIEDLZ ENRENTZ
(Fig. 2-2C),

DN BRI 35 TGF-p AL ERDONR LT D72DI2, & ML
LM PN 2 M T & 5 hCMEC/D3 fllfids L OV e MMEHERIRIN E AL T H
% HUVEC % A-83-01 CALEE L7273, A-83-01 i3 hCMEC/D3 #ifidds & O HUVEC
@ TEER fEIZx L ClE & A E B L KT S 72 - T (Fig. 2-2D),

X 5|2, iBMELCs (28125 A-83-01 BH A "Ny 7 va By 7 g

LEDEIMEBEG A TVDLDNETHNLTDIT, A4 v var~
—71—"Td % ZO-1, occludin, claudin-5 % S Y O IEIZ TRENT LT, 2 DR
R AR CTBRESNTW R TRER RS A PP Y7 ar (HKRRD) B3,
A-83-01 USHNEETITEBAINC 22 > TV DER T DBIEE S L7z (Fig. 2-2E), #tl T,
AA RNy T va rREEIZR>TND A =ALE LT, BBB &ifatt%
75 7% matrix metallopeptidase 9 (MMP9) [19]DFEHE L L TV D D Tl
MEWVIIRFLD S & MMP9 O mRNA B EZHIE Lz, ZORER, xtEfIC
e~ A-83-01 BINHE THEIZ mRNA BEL & A L Tnd Z &R Enlz (Fig
2-2F),

iBMELCs % S &higstBRI 3 2 729121, @iV TEER fH % 22 E RIS HEFRT
THZENVETHD, T T, 24-well BT NVT v —A ¥ — h BIZHlaz
BREL T B/ 2 HF, 6 BT L1 TEER fHZHIE L1-, TOMKE, £2To
iPS MIAERIZ IV T, A-83-01 IRINBECIXXIFREEL » A EICHE VW TEER [E R
HIRIHER? S 72 (Fig. 2-2G), #eW T, KM TEER A2 @\ E EMERF S L7 A
B =K E LT, A-83-01 DI L0 W25 EA TR 23 - 7o wTREME &
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BRI, DT, caspase-3 DGMHMIRREZF 7L Z A, 77{L 10 H B TiX A-
83-01 IO EFEICEHDL ST RIEEThH-7=2. 4k 19 A B TiX A-83-01 #AN

FECHEIZHED Lz (Fig. 2-2H),
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Figure 2-2. Tight junction analysis.

(A) Effects of A-83-01 on the TEER values of brain microvasculae endothelial cells derived from
multiple iPSC lines. Statistical significance was calculated using the unpaired Student’s r-test
(***p < 0.001). Data are represented as the mean + SD (610B1, n = 3; 648A1, 606A1 n = 4, n;
sample number). (B) Effects of TGF-f inhibitors (A-83-01, SB-431542, and RepSox) on the
TEER values of iBMELCs. Statistical significance was calculated using one-way ANOVA and
Tukey test (***p < 0.001), vs. control. Data are represented as the mean + SD (610B1, n = 3, n;
sample number). (C) Lucifer Yellow permeability coefficient (Pe) in iBMELCs. Statistical
significance was calculated using the unpaired Student’s #-test (*p < 0.05). Data are represented
as the mean £ SD (n = 3, n; sample number). (D) Effect of TGF-f inhibitor on human immortalized
brain microvasculaec endothelial cells (hCMEC/D3) and umbilical vein endothelial cells
(HUVEC). Statistical significance was calculated using two-way repeated measures ANOVA.
Data are represented as the mean + SD (h\CMEC/D3, n = 4; HUVEC, n = 3, n; sample number).
(E) Immunofluorescence for the tight junction markers (ZO-1, occludin, and claudin-5). Blue:
DAPI. White arrows: fragile and discontinuous tight junctions. Scale bar, 50 um. (F) Relative
gene expression of MMP9 in A-83-01-treated cells. Statistical significance was calculated using
the unpaired Student’s #-test (*p < 0.05), control = 1. Data are represented as the mean + SD (n =
3, n; sample number). (G) Time-course of the TEER values of iBMELCs derived from multiple
iPSC lines. Statistical significance was calculated using two-way repeated measures ANOVA
(***p < 0.001). Data are represented as the mean + SD (648A1, n = 6; 610B1, 606A1, n =4, n;
sample number). (H) Immunofluorescence for the apoptosis marker caspase-3 (green). Blue;
DAPI. Scale bar, 100 pm. Statistical significance was calculated using the unpaired Student’s #-
test (*p < 0.05). Data are represented as the mean = SD (n = 3, n; sample number).

233 FITUARAR—F—DFEBLFEHITHT D TGF-p ZAERAEFHEDOZR

T U AR=F =T, WEOER LI~ DOBATICI W TEEREE 2 R
LTW%, £Z T, b MKEMLEARMICBNTERERL TWND FT7 AR
— X —Td HGLUT1, BCRP, P-gpDFEBLUIEH L, SREHEI AL TRENT L
2o ZDRER. A-83-01DFNNT X HP-gpDIEHUTZEAITZRD B D> T2 A8,
GLUT1H L UBCRPOFEBIIAEIZ LA L7z (Fig.2-3A), Ht\ T, h T U AR—
A —{EVEE G T 5 7212, iBMELCs~DO &K IE OERBEZNE L=, T ORk
. BCRPF 72 1IP-gpE OMIENERE A WAL CHER I, TORIIEAMEEKD

WMz X v AEICHN L= (Fig. 2-3B),
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Figure 2-3. Protein expression and activities of efflux transporters in iBMELCs.

(A) Immunofluorescence and mean fluorescence intensity of transporters (GLUT1, BCRP, and P-
gp). Blue: DAPI. Scale bar, 100 um. Statistical significance was calculated using the unpaired
Student’s #-test (*p < 0.05, **p < 0.01), control = 1. Data are represented as the mean = SD (rn =
3, n; sample number). (B) Intercellular accumulation of each substrate of efflux transporters.
iBMELCs were incubated with Hoechst 33342 (20 uM) or rhodamine 123 (10 uM) in the absence
or presence of Kol43 (20 uM) or CsA (10 uM), respectively for 60 min at 37 °C. Relative
fluorescence intensity values were normalized to protein content and self-normalized to the
conditions without inhibitor. Data are represented as the mean + SD (n = 3, n; sample number).
Statistical significance was calculated using the unpaired Student’s #-test (***p < 0.001), vehicle
of control = 1.

2.3.4 iBMELCs OBHEFERTFICXT 5 TGF-p X BREHEFKDOEFE
R DO BFEARATIL. FEHIR invitro EF VAT A L THER Tt AT
bHb, &I CARIEHTIE, iBMELCs DHAERIFHIEORRE #1772, /21L& H

HIZHAE L7- iBMELCs Zf#E L., 24-well BV OV F v —A P — MIHEERE L
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7. &% 2 HH O TEER fEI, RO Bk g TIEEBR M e~ A
(I L7273, A-83-01 MSINEE CIIBR M IZ d5 1T 2 TEER fE O D 2380 S
7o (Fig. 2-4A), 512, A-83-01 IRIIEED TEER fEZ Mk L CHIE L7 & Z A,
% 2 HE2 D 11 H BSOS T, RS Miads L RS ia o 2 BEH C 221
Ron7pinolz (Fig. 2-4B), e T, SOEHEOREAIEIZ LD 2 A PP v 7 v =
VEBIE LI E A, A-83-01 IRINEECIIEREAARICRIfR 72 < | HiE L7 & A1 b
Uy U va U S (Fig. 2-4C), KIZ, P-gp BLOVBCRP DX X7
BB MR LI, &2 Xy Bowm e L, xR J OV A-83-01 ¥RAN
BEL BT, FEEERE B REOR TIZ & A EBERRD B/ 7= (Fig. 2-
4D), % 7= VE-cadherin, multiple drug resistance 1 (MDR1), BCRP, GLUT1, occludin,
ZO-1 ® mRNA FEHE & HFEAF & A TR% Th -7 (Fig. 2-4E), & bIZ,
1 7 A PRAT L7 iBMELC (238 T, A-83-01 MRINEED J5 23 % FERE &
CTHEIZ TEER fE2E <. A-83-01 YSHIEED TEER fE (59 2500 Q x cm?) 1%, Fk

G & [R5 O Tdh > 72 (Fig. 2-4F),
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Figure 2-4. The effect of TGF-§ inhibitor on freezing—thawing of iBMELCs.

(A) Freezing—thawing was performed at day 8 and the TEER values were measured at day 10.
Statistical significance was calculated using the unpaired Student’s #-test (**p < 0.01). Data are
represented as the mean = SD (n = 3, n; sample number). (B) Temporal changes in TEER values
were observed in the iBMELCs with TGF-f inhibitor. Statistical significance was calculated using
two-way repeated measures ANOVA. Data are represented as the mean + SD (n = 3, n; sample
number). (C) Immunofluorescence for the tight junction markers (ZO-1 and occludin). Blue;
DAPI. White arrows: discontinuous tight junctions. Scale bar, 50 pm. (D) Mean fluorescence
intensities of P-gp and BCRP staining were calculated. Statistical significance was calculated
using the unpaired Student’s #-test, non-frozen of control = 1. Data are represented as the mean +
SD (n = 3, n; sample number). (E) Relative gene expression levels of MDRI, BCRP, GLUTI, VE-
cadherin, occludin, and ZO-1. Statistical significance was calculated using the unpaired Student’s
t-test (*p < 0.05), non-frozen = 1. Data are represented as the mean + SD (rn = 3, n; sample
number). (F) Effect of TGF-f inhibitor on the cryopreservation of iBMELCs. Statistical
significance was calculated using the unpaired Student’s #-test (***p < 0.001). Data are

represented as the mean = SD (n = 3, n; sample number).
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24 EBE

A-83-01 XM ENEME~ —4—Tod % VE-cadherin DX > /N7 EREBLE &
Ac-LDL HR Y A Hife ORIt R 2 A B IS e, T O OERN D,
TGF-B Z AR ES 2 b b iPS #>5 iBMELCs ~D 40 b 2 et L. PR
ELTORMEZILL TWD Z LR ENTZ, TR, A-83-01 DRI
L0 ERAEERAED EH LR D bS5, & 512, TGF-B AR
FILA RN L7 iBMELCs 1%, *HREE L LN THEICH W TEERfEZ R L, LY @
BRI . L VBRECEFE L7 A RNy 7 v a VEBRL T, &
KNOE MKIZIT D TEER EITHE STV 2D, 7~ MK TO TEER A
[201% 202, 1000 Q x cm? Z RN & RSO EWV TEER EE EFRT 5 &, A-83-
01 IINEETITAEMAK L A% O TEER AN HBLTE 72 & 5% 5, TGF-B X EndoMT
ZJL.BBB @A BN S5 Z LN HNTWAH[1821]1Z & A5 TEER fE
O _LF1E EndoMT O L W AT T2 E{RE L, EndoMT MEEIZBIZ S
TV % HUVEC X° hCMEC/D3 #lfif[18,22]72 & oo PN ECHE & FVCHRRGIE L 72,
L2 L., TGF-B Z &K ESIL, HUVEC <> hCMEC/D3 #10> TEER fi(21% &
o ERBE H 2 e o 7o, £i2, TGF-p Z A ERKIL, MIERMa~—7—7T
> % N-cadherin DX 7 BB EZIR TS/, ThbHDZ &6, TEER A
® _EF 1% EndoMT O 7217 T2 <. TGF-p ¥ 7 F R OHEIZ XL 5
iBMELCs ~D 4/ URESIRIC K-> T E R Z SN TV D AR B 5 Z & AR
X7, S HIZ, VE-cadherin ¥ A by 7 v a VOEORHEIK - TH S
Z L EBEBRET D L[23]. TGF-B HRBLEIKOIRINC L 5 VE-cadherin DR ELHE
MNiX, TEER EOF BN EMBET 5 Z E2VRB Iz, £72. TGF-pIx# A
¥ v 7 v a v wfEEd % matrix metalloproteinase TdH 5 MMP9 %7 » 7' L

X2 L— kL, BBB IZBIT2HEYOFZRMEEZENIELZ EbHEINTWVD
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[19], AAFFETIiX, TGF-B ZAFMRLEIKORINIC LV . MMP9 OB {5 3B L
IBEEICEAD LT Z 026, TGF-B AL EIEIC L 5 MMPY OFS LTI A
SREER S A Y v T v a VOBRIZE S LTV A ATREMEN R & iz, — 5T,
HUVEC X°> hCMEC/D3 #iifid® TEER fEIZIT5 &% 5. 2 7o 72 Z & v MMP9
DBAnF-FEBUMH AN E 2 TEER fHD _EFIZFE L TR AT REMER> iBMELCs %f
RENIBRZ ST ARELZE X OND, £O72H, MMPY OFEIMGIA TGF-B
SRR EIEDOIERET D —2>TH LB N ZIREDIT DITILE R DRFN L
WCTHDH, T2, 0L 19 H BIZEIT D caspase-3 DREINAEIZH A L TC\Wi=Z
ED . @V TEER HEOHMERI N RIL, TGF-p ZAMERKIZCL DT R F— R
PHNCEE L CW D ATREE S B 2 b d, PR b T v AR — 2 — i OFE R D>
O, IR LY A-83-01 IANFED W TIEMAFHET 2 Z &N TE 72, 156
TG RIIBEAF O TR SN EISED 2 72 [7,9] FFED B b iPS Mk Tl
L0 mWEEDRHE STV D 3[8]. —i%IZ iBMELCs @ P-gp #&REI LT D 2
WL FONTWD, £, AR TIEEREDOT — X DHERLTNDTZ®
BB X DRHl N5t OffEO— > & 72 5, TGF-B Z AR EIKIL, hT7 R
=B —{EMEITIT & A B L B 2 e r>72h3, BCRP & GLUTI O % /37 g
Bz DTN ST, 2 b OfERIE, TGF-B AL EHZ VTl
ST ORFEDS . MBI NG DFFHEIZIE S Ze > TWVWDH Z L Z2R L
TWo, ULEDOFREENS, TGF-p AW ESRIL, & k iPS #Mildn»& iBMELCs

Do EFEEIZ I\ TR BN ML N B AR DR E 2 FRET L. in vitro BBB €7 /L
DERAFICHERTHD Z LRSI,

iBMELCs % £ MM72 invitro &7 VI3 5 72 DI2IE, MR O WRE R 17 % A
REICT 2 2 L BRETH D, MIRBEO WG OMd TiX, FEHlEEDLE & i L
T TEER [ER A EIMK T L7z, Wilson %, HfEER{FHY iBMELCs DN Y 7 #HE
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ERTSED Z L ailE LTWD[25], AR TR ONICRIRIT, ZomE L —
BLTWD, LL, TGF-B A M EEZRINT 52 LIk D Z OBFERAF
[ZXk % TEER fEORX FAMEI L, MERZA Y7 a a2 &
(2P L7z, iBMELCs # 1 » A M#EGRERGF L Th, TGF-B AR EIKIZ LY
W TEER fEZHEFFT 5 Z LN TEX 722 2005 TGF-p ZRIRILER A 5Lk
WIZHWD Z b, PEREAHERF L 72 £ % iBMELCs Z Wifsalfig 9~ 2 7= b A A
Thsn I ENRENT, Wilson 51, ROCK PHFHIK TH 5 Y-27632 »° TEER fH
OWD M2 2 L Z2HmE L TWDH[24], LTER> T, TR F— ADOMHIE,
AA KN x 7y a Dbl oRNDEAN=ALD—D>ThbHENZD, L
2L, ARBFETIE, b 10 H BIZE1T 5 A-83-01 ORMOFIEICEDL L,
HAE S T C caspase-3 DG RIIE(NL Lo b, ZOBRIL
TGF-p AR ERIC L DMMOIER TH D TREME L B E TE 220,

AR THEA L7z b iPS MR TREEH R THY | 610B1 BIW
606A1 |Xt MEAIMAIILE U, 648A1 1Tk FRMMAMILE VBZINT2b DT
%, TGF-Pp ZHIRPLESIZ K % VE-cadherin D a0t Y44, Ac-LDL Y A
F#BR, TEER fHFHANLA COMBEE T L, HfAA#E#% O TEER EEHUIIZ S
WTIE 610B1 & 648A1 THEME L7z, TN ENOFHEIZIB W THKRIFDOZEITIZ L A
Eha | AEORERPE LN Z 0D TGF-B Z BRI ER OB FITILAED
mWbDEEZ BND,

AHFFETIL, FFE D43 biFE 1k CER L 7= iBMELCs (2% L C TGF-B BHED%)
REMB L7, L L. iBMELCs @ {LFFEIEIZIE Quian & D FIE[25]X°
Hollmann & D F7E[9172 £, W< DD LFFEIEDMEET %, Hollmann & D J7
15 Ch b L7 MRl E Lippmann & O 575 Tk U 7o Ml & BLEZRIEL TV D Z & s

5. Hollmann 5@ FEIZE W T TGF-B AL EZKIL iBMELCs O3k a1

27



T2 EHMT D, —FH T, Quian HDFHETHILSH - iIBMELCs ORPEIT
Lippmann & O ETH LS E72b O LB L TE BT, Quian b DIFIEIZE T
% TGF-p ZZ AR E RO RITTHITE 2, L7223 > T, TGF-p [HEF &0
SALREIEICHE TE 20 9 MOV TIE, SH%OBHABLETH 5,
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2.5 /ME

TGF-p Z B ESKZ 5 Z & T, iBMELCs O3 7HERE & PN R #5144 1]
&L LTI LT, £7-. TGF-p ZAABHEZKIZIT iBMELCs O fphfE
DEBEEMT NN HH L b LN R o7, TGF-B AR EIKILK
DFALEMTH Y | EEFRIED KO M e B E 2 L2 & 92 IBMELCs DO
ez ES¥ 52 L 2BET 5 L TGF-B = A RBHE IR IX B HE T (E 72 in vitro
B N BBBET VOEBICKELFETLHZ EMRHIFIND,

iPS cells +TGF-B receptor jgmeLcs
inhibitor . . .
& & — O Robust tight junctions
& O Enhanced endothelial properties
T O Freeze-thaw stability
Day 0 Day 8 Day 10

Lippmann et al. Fluids Barriers CNS. (2017) 14(1):9.
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F=E t b iPS MiEAERMLENKEFIBRMIZA S iBMELCs ~D4{LikEHED
BR %%

3.1 #EE

BT, BFOMEFEEAGR L, L0 NI E L COMEE%5E
D, NUTHEREA ) E S 72 iBMELCs #/Ff$ 2 Z LT LTz, ZOH%R %
Nz 7= iBMELCs % L-iBMELCs (Lippmann 5|2 X 5 #RiEZ2EICH B 2Nz 72
iBMELCs) & i£#% L7z, LiBMELCs (%, @Y THEREZ AT D R CTENATED |
KRBT MENEMIE L TOWEDTH I &2 —ED L~ L THRAR LA,
IRE LT~ — I —ORBMEL | BInFHRBLT v 7 7 A A HEMILE
NI & Bi7e D 2 & BRIETH ©72[26,27], Fiz, b S W7 M 2 512 5
SELIENTR < LAiBMELCs Z ZEMIC AT T 5 Z L ARNETH 2,

1L PR R R <0 1 5 PN R TSI AR IR AR S ISR A Ly 20 et R ol
fash~ b U v 7 R EFHEAER L7 & B 5 PN B~ & plih 3~ 5 (28], <
ZC, B b iPS FHAEH AN RTERAE GEPCs) % % L CHM=E/ i & PN B R
(oMb % Z & T RN OB NI & R ORI A AT 5 iPS M
He F RN R A i PN R AR I IR 2 75 2 Z L IS T D L E LTz, LLATICE b
iPS M & U =i 72 iEPCs A ZERK L JERIG R R ICHAERTFT 5 2 LIS L
TW5H[29], ABFZETIX. Z OWGREIRAFE L7 iEPCs % F TN PN B
~oACEEE T D HiEE R Ui, AR TRO &2 W ToiFE Lz
iEPCs HI SR B/ 1M 22 PN Rl 2 L-iIBMELCs & %kt LT E-iBMELCs & EF& L
7=
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32 FEBIGE
3.2.1 RAEKUHIK

E FHIREEEMI TH S hBMECs @ total RNA (%, ScienCell Research
Laboratories < ¥ i A L 72, Laminin 211 ® E8 Ift}7 (LN221F), laminin 411 @ E8
WrhA (LN411F) 3 X O laminin 511 @ E8 [t~ (LN511F) & Nippi (Tokyo, Japan) k&
¥ . anti-platelet endothelial cell adhesion molecule (PECAMI1) antibody (& abcam £
v . anti-CD34 antibody |Z Novus Biologicals (Littleton, CO, USA) KX ¥ . Essential 8
Flex medium 3 X O} vitronectin-N (VTN-N){& Thermo Fisher Scientific & ¥ | cell
culture inserts (1.0 um transparent PET membrane) (¥ Corning X ¥ | fluorescein
isothiocyanate-dextran 4 kDa (FD4) 35 X OME 7 7 21 Sigma-Aldrich & U lEA L 7=,

ZOMOFRFINTH " FE LR U O FE L RO R kst Z2 vz,

322 HfRREE

L-iIBMELCs {Z W /=R b72 & b iPS ik 610B1 I&, mitomycin C ALERIT
& 0 BE5EHE % AIE{L L 72 mouse embryonic fibroblasts = C 5 ng/mL FGF2 ¥R L
7z iPS cell medium %z VN THEEE L7, HIBERIZIE 1 mg/mL collagenase IV, 0.25%
trypsin, 20% KSR, ¥ J "1 mM CaCl % &#¢ D-PBS (-) Z M\ 7=,

E-iIBMELCs (Z W2 K k72 & b iPS Ak 610B1 (X VIN-N (1 pg/em?) 723
a— h &= 7 L — bk T Essential 8 Flex medium % VN TER#E L7z, SHIBER X
HEFF T A BRIZ1X 0.5 mM ethylenediaminetetraacetic acid %, 3k & & 5 ERICIE
TrypLE Select & VM=,

hCMEC/D3 #1355 2 3= & [AEEIC hCMEC/D3 medium W CTEZE L7~

323 a—7 47
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VIFrDa—7 473, BIF U REKT01%E25 X9 IZMEL.
F— 7 L= TWHE LIz, ZOWKREZ well 7L — FEITEATILVTF ¥ —A
Y= MTEBAT L, 37°C T1H#, £721T4°C T—HpA o FaX—FLTHhDH
i L7=, VIN-N O 2—F ¢ > 7 1L, VIN-N % D-PBS ()T I pg/em? [IZA R L |
37°C T 1-2 WfffiH53 L721%. 0.01% collagen type I solution % well 'L — k£ 7=
TN INT v —A Y= MM T AR, I IS S 7, (EHANS D-PBS
() THEE:, FH L7z, Fibronectin 33 & O collagen type IV O =2 —F « > J'1%,
fibronectin 33 JX O collagen type IV % D-PBS (=) TZ#1E 41 100 ug/mL 35 T 400
ng/mL IR L, well 7L — hE721T® A I ATF ¥ —A ¥ — MIIA, 37 °C
T24WEHA ¥ =2_X— bk L7z, 3D a2 —F 1 > 7 Cld, fibronectin & collagen
type IV DIEEWIC VIN-N %7213 laminin BT 2z Ca—7 4 ZITEA L
7-. GFR-Matrigel ® = —5 ¢ > 7%, GFR-Matrigel % |12 DMEM/F12 T 30
AR L, AR LR A M 27T v 7T 6-well 7L — MIBL, 37°C T

RFf A o F 2 _X— M LT B LT,

324 t biPSHIREA S L-iIBMELCs ~D53{LikE
BRI HEE AV, TGF-p BRI ERTH D A-83-01 ZfEH L T

LEEEIT o T,

3.2.5 t biPS MM D iEPCs ~D3LFHER L WEPCs DBfE AR
AWFFEEE CURNCHENL L7c 71k [29] Z W T bl B4 T o 7o, AWFEICE

WL, JEREERE B KOk o#EE2 —H 28 L=, 4k 11 BH BiZ D-PBS (-)

THEIF 1% . TrypLE Select & VN CHlE & k(X L 7=, iEPCs AN ORI TR ATFT 5

BAaiE, LN OFIACTHRZE L7=, TrypLE Select ifs/11% . iEPCs LIAL DR R 7 L
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— F D FEET D F CTHelal ¥ v B/ LT, iEPCs LA O#ifn % & e TrypLE
Select Z W 5|FRZ= L7-%% . D-PBS(-) T 1[E¥EHE L7z, D%, TrypLE Select %
FHEREA L CIiEPCs &Mk L7z,

iEPCs D Uiji& 1% TC Protector % i\ T{T - 72, TC Protector & C Fififi& %, —80°C
DT 4 =77 V=P =T THA LT, BARERFIZL 37°C OIRBIC TR S, &
L COIRD TRV 15 mL =iEE S L <% 50 mL =REIZA-72 10 mL O
B F1725 1 mL 2000 . g O MISREIR I E . eI S E 7%,
EILEIZE L, 100 x g TS5 oz Lz, TD%, Bz s L-%IcE Ln
B TR L. T OBROFERITEM LT,

3.2.6 iEPCs 7»5 E-iBMELCs ~D4r{L#5E

fig 3 L 7= iEPCs & K Ffia—7 4 7 HITa— bk L7z 12-well BV LT ¥ —A
»H— K (0.5-9 x 10° cells/insert), 12-well "L — K (3.5 x 10° cells/well), 96-well
Z'U— b (0.3 %105 cells/well) (ZFEFE L 1 xPS & 20 ng/mLFGF2 |Z 2-10% KSR,
5%FBS, 5%PDS, 2-10%B27, 713 7.5%B27, 0.1-10 uM A-83-01 DV 1>
ZUSIN L7z HE-SFM TH:# L7z, iEPCs & hCMEC/D3 M@ D /N U 7 HRE % g

T 572012, hCMEC/D3 il (#kfR% 4) % iEPCs &[] UL THE LT,

3.2.7 TEER fEH|E
i L 7= iEPCs £ 721X hCMEC/D3 #ifa % 12-well BV 1)V F v —A L H— b

IR L, #FFEEH LV Millicell ERS-2 & 7213 cellZscope ZfEH L, isfIf~==
TIVIZHEWHE UTe, BEH &I TE (T 500 pL, FEEHIC 1500 L & L7z, 12-
well BV B IVF v —A Y — FOHFEIT 1.12em? T D, fililE TEER fHIL55 2 &=

ERERICERH LT,

33



3.2.8 FD4 BIL VLY DFEIEAER
iEPCs Z# &M L T/ 5 4 H BT, B4 % transport buffer |2 X #t x| 37°C T 20

SR LA v aX—Ta Lz, 20O%, 1 mg/mL FD4 7213300 uM LY %
&9 % transport buffer Z THERHIZIN 2, 37°C T 60 3[4 > F 2 ~X— &, X
JEA 2> 100 uL O Z [F1IX L 7=, Transport buffer ¥ & (X TAM T 500 uL.

FLEMITT 1500 uL & L7=, FD4 (b & ; 498 nm, w0t &; 522 nm) F721X LY
(b &5 428 nm, FOGR; 536 nm) OHOEFREE T Synergy HTX multimode plate

reader CHIE L. Gen 5 data analysis software % F\ N CTHENT L 7=,

2.2.9 RT-qPCR f#HT
TELFEREDHETREBR L, RT-qPCR (2 /=7 T A ~—IZ Table 3-1 [T
LcbozfH LT,

3210 REECYAIE
TE LA HFIETRHEER L, HuiAIITable 3-212 R L2 b D& EH L7=,

3.2.11 BREEE AR

fig % L 7= iEPCs % 300 uL ¢ GFR-Matrigel (Jiiig) % 22— bk L7z 24-well 7' L —
NZ 5 x 10* cells/well DRAfREE THERE L, 5% KSR B XY 1 x PS &5 ¢» HE-
SFM |Z 50 ng/mL VEGF % Il x 7- 55 #7112 T 20-24 IR¢fili5# L 7o, % D 1%, calcein-

AM % & el i CEIR I T 30 43 F#E L. ECLIPSE Nimicroscope % VT

R EZBIZE LT,

3.2.12 Ac-LDL BtV ;AL Br
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Cell carrier-96 _E® 3Ll % 10 ng/mL Ac-LDL % & ¢¢ iEPCs 35 HiH C 37°C C
5 EEMEs#E L, £ D%, 10 pg/mL Hoechst 33342 Z & deksith THIRIZ T 10 2%
& L7z, BT 4 [BIPEE L 7=, Operetta High-Content Imaging System (Z T >
TN EBE LT, BRI EE Harmony high-content analysis software % >,
well (6 field/well) D53 L LTAh vk Uiz, BiEMlaEz efiadiccslis
CIZE Y B2 B L,

3.2.13 P-gp DEEEERENT
iEPCs 24 L T/ H 4 HHIZ, B _ZE L RO HIETRER LT,

3.2.14  HEEHFERIFEAT
(n) 1TV I EFLTOND, EEN/RT —413 means + SD & L THEL

770 2 BER D ER#R I Student's #~test |2 K-> TiTo7-, £HIE O TEER fE M| E £ 5
T 2 BRI ELHZ 121X Two-way repeated measures analysis of variance % V7=, %

H I OFRIZ 1%, One-way analysis of variance % 1T > 72 1% . Tukey’s honestly
significant difference test |Z K> TITo 72, #aETHHTIZIE IBM SPSS Statistics for

Windows, version 25.0 % AV 7=,

35



Table 3-1. PCR primer sequences

Gene Forward primer sequence (5’ = 3') Reverse primer sequence (5’ 2 3')

VE-cadherin

(NM_001795.5)

GATTTGGAACCAGATGCACA ACTTGGCATTCTTGCGACTC

MDRI (NM_001348945.2) CCCATCATTGCAATAGCAGG TGTTCAAACTTCTGCTCCTGA
BCRP (NM_004827.3) AGATGGGTTTCCAAGCGTTCAT CCAGTCCCAGTACGACTGTGACA
GLUTI WM_006516.3) GAAGAGAGTCGGCAGATGATG GGAGTAATAGAAGACAGCGTTGATG
Occludin €W_002538.4) TCCAATGGCAAAGTGAATGA GCAGGTGCTCTTTTTGAAGG

Z0O-1 WM _001355012.2) CGAGGGATAGAAGTGCAAGTAGA TATTCTTCATTTTTCCGGGATTT
PECAMI (NM_000442.5) AGTCGGACAGTGGGACGTAT ATGACCTCAAACTGGGCATC

HPRTI NM_000194.3) CTTTGCTTTCCTTGGTCAGG TCAAGGGCATATCCTACAACA

Table 3-2. Antibodies for immunofluorescence analysis

Target Source Catalog number Species Dilution
VE-cadherin Santa Cruz sc-9989 Mouse  1:25
P-gp Abcam ab10333 Mouse  1:25
BCRP Abcam ab3380 Mouse  1:50
CD34 Novus NBP2-32932 Mouse 8 pg/mL
GLUTI1 Thermo MAS-11315 Mouse  1:50
PECAMI1 Abcam ab28364 Rabbit  1:25
Z0-1 Thermo 33-9100 Mouse  1:100
Claudin-5 Thermo 35-2500 Mouse  1:25
Anti-rabbit (Alexa Fluor 488) Thermo A-21206 Donkey 1:200
Anti-mouse (Alexa Fluor 568) Thermo A-11004 Goat 1:200
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33 R
3.3.1 iEPCs DY THERBITK§ 2 WG R DR

WHFZEE O LLRT O [29] (23U T IEPCs & L RHEEE L, RS R1E L7,
LIaT O & [FERIZ, iEPCs 1% PECAMI 35 XUV CD34 (HMEAIRCTH D . Ac-LDL
BV IABRERCEIEE I RE A AT 2 2 & 2 iR L7z (Fig. 3-1A), & H 1T,
iEPCs (23T 2 BInFHH., BIRMHETZALAES L OY Ac-LDL D HLY JA L+ REI LB
RO R L Z T 702 & A DANC#HE LT 5[29], ABFSETIL, iEPCs DN
U 7 BERENZ X9 2 BRfG AR O 5B 2 AT 5 T2 DI BiE iEPCs & FEBH iIEPCs
Z W T TEER O ZEZRE Lic, ZORE, MEHIHABEEDN R o720, LA

M. RS iEPCs 2 L CEBR %17 > 7= (Fig. 3-1B),

A
3
>
©
I8
bl |
O
o
w
B
(=]
g ° 1.0 4
9% Non-Frozen "’:5 g 0.8 J
5 3
g Vs o o 061
Day 14 = 'dj 0.4 -
\I» g7 02
0 -
% e
Frozen <°1' <
& 3
&

Figure 3-1. Effect of freeze—thawing on the physical barrier function of iEPCs.

(A) Immunofluorescence analyses of PECAMI1 (green), CD34 (red), and Dil-Ac-LDL uptake and
tube formation assays of 610B1-derived iEPCs. DAPI = blue (immunofluorescence analyses),
Hoechst 33342 (Dil-Ac-LDL uptake assay) = blue, Dil-Ac-LDL = pink, calcein = green. Scale
bars = 100 um (immunofluorescence analyses and Dil-Ac-LDL uptake assay) and 500 um (tube
formation assay). (B) Measurement of TEER values of frozen and non-frozen iEPCs (7 x 10°
cells/insert) on day 14. Data are presented as the mean £SD (n = 3, n; sample number).
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3.3.2 iEPCs DY THEER M) L S ¥ 2 3B B R OHRE

fig B U 72iEPCs % JHVWN CTEERMEZSMEINS Dk 2 72 b2 BRBR LT & 2 A
ALY 7Y A2 b THDLIB2TOWINC LD P 7Y A &g L
CiEPCsOTEERMEN A EIZHIM L 7= (Fig. 3-2A), 7. B2TOEEIZKIFL T
TEERMED 5L, FFlZ7.5% & 10%DIREIZB W THE 2 EA DR S (Fig
3-2B), HH—FI|ZC, TEERfE%A LA 32 = & % R H L 7= TGF-psz R R E HEA-
83-01%7.5% B27IRMEZHIIZ N 2. A-83-013EPCsOTEERfEAR L H- X500 E 9
DERGET LTz, ZORER, A-83-01 DR FEIZHEAF L CTEERfEIX - L, FFl21 uM
E10 uMIZEB W TH B AN D biv7e (Fig. 3-2C), iBMELCs(%, BBBIZ &
\ZAFAET 5 fibronectinS°collagen type IV Ca—7 « 7 &N/ L — b L THi#&
XD ENZON [8,9,30], EKNDOBBBIZIX, fibronectinX°collagen type VD
iz, laminin ® JEEEEEICAFAE L TV D, £ 2T, &0 AEEABBBEREE M2t =
—T 4 T EAERT D720, fibronectinXcollagen type IVIZIEA T 5 Z & T,
FEIZTEERAE % (51 8D 5 FLJERE R 53 372 E 9 IMZ DWW TR LT, Z ORE R,
LNSUFZRGT 5 & o ERRS Sy & i LT, iIEPCsOTEERE A EI
ML 7= (Fig. 3-2D), LNS11F(Z X 2 TEERfEDOHIANIL, 10 ng/mL THRbE L, 10
ng/mLLL E DO IZITKAT Lie oy~ 72 (Fig. 3-2E), F£7-. LNS1IF X LN411FOIE
EMETRIML TH, TEERMEIFHEM L7er> 72, H W T, 7.5% B27, 1 uM A-83-
01, 10 ug/mLLNSUFZ AW i ROSME T, MR e it Lz, 20
FE B iEPCs % 1 x 10 cells/well CHEFE L 7235412, i H TEERTE2 & < 72~ 7= (Fig.
3-2F),

PLEDREREIE 2. 7.5% B27, 1 uM A-83-01, 10 pug/mL LNS11FZ 7=

B DOSAET, 1x 105 cells/well CHEfE L 7-iEPCsOTEER(E Z# EHIHIE L=, =D
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FEFL. 7.5% B27. 1 uM A-83-01, 10 pug/mL LNSUFOSAM 1%, oofE & ik L C
W TEERME 2 R WIRHERF 92 2 & 2R Sz (Fig. 3-2G), & 51T, IR
TERT 22 ENMOENTWDHFDAELY Z W T, Bl iR 2 F4hE L 74 5,
7.5% B27. 1 uM A-83-01, 10 pg/mL LNSUIFOSA X, ot & el L CTHEIZ
VB %R L7z (Fig. 3-2H), LA, 7.5% B27, 1 uM A-83-01, 10 pg/mL LN511F

DM % AW Tk &7 #ild 2 E-iIBMELCs & EF L 7=,
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Figure 3-2. Evaluation of the physical barrier function of iEPCs under various conditions.
(A-E) Thawed iEPCs (7 x 10° cells/insert) were cultured under the indicated conditions.
Measurement of TEER values from day 2 to 10 and the maximum value among them is shown.
Data are presented as the mean £+ SD (n = 3, n; sample number; *p <0.05, **p <0.01). (A) Tukey’s
HSD test; KSR group vs. others. (B) Tukey’s HSD test; 2% B-27 group vs. others. (C) Tukey’s
HSD test; control vs. others. (D) Tukey’s HSD test; control vs. others, LN411F group vs. LN511F
group. (E) Tukey’ s HSD test; control vs. others. (F) Thawed iEPCs were seeded at the indicated
number of cells and cultured under the indicated conditions. Measurement of TEER values of
iEPCs from day 2 to 10 and the maximum value among them is shown. Data are presented as the
mean + SD (n = 3, n; sample number; **p < 0.01; Tukey’s HSD test; 1 x 103 group vs. others).
(G) Measurement of TEER values of iEPCs (1 x 10° cells/insert) cultured under the indicated
conditions from day 2 to 10. Data are presented as the mean £+ SD (n = 3, n; sample number; **p
< 0.01; two-way repeated measures analysis of variance; B-27, A-83-01, and LN511F group vs.
others). (H) FD4 and LY permeability assay of iEPCs (1 x 10° cells/insert) cultured under the
indicated conditions on day 4. Papp, apparent permeability coefficient. Data are presented as the
mean = SD (n = 3, n; sample number; *p < 0.05, **p < 0.01; Tukey’s HSD test; B-27, A-83-01,
and LN511F group vs. others).
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3.3.3 E-iBMELCs O %34
#MHIZ, iEPCs (7.5% KSR TH:# L7-flifid) & E-iIBMELCs (23517 2 il E A i,

BN BN B & X B D FE B % S0 O YL A CRAT L T2 (Fig. 3-3A), %
OFER, WM~ —F—T&h % PECAMI & VE-cadherin (XL 5 E 2%
LW, A4 "Wy I var~—h—ThHbd ZO-1 & claudin-5 (LA
[ZHEBLL TU 223, E-IBMELCs Tid XL D HIFBEIZRIE L Tz, £72, B MK
FMMENEHIICBOYCTEREREL TWD F T v AR—%—ThH 5 P-gp. BCRP,
GLUT1 O BN MM TR SNz, Z "I BHORBELZERE LTI A,
E-iIBMELCs Tli% ZO-1, BCRP, GLUTI 23 & IZHIM L T 7= (Fig. 3-3B),

fEVN T, E-IBMELCs (Z 3317 % b 6 1 & P9 B i BB s 1 D JE Bl A& L-
iBMELCs, hCMEC/D3 #lig3 X OV hBMECs & Lbi#e L 7= (Fig. 3-3C), & DfER,
E-iBMELCs (23175 PECAMI1 # XY VE-cadherin ® mRNA O¥Ii&E|L, L-
iBMELCs 3 J U hCMEC/D3 #ifid & iz L TH EIZE < . hBMECs & [Af2E TH
572, E-iBMELCs ® ZO-1, occludin, BCRP, GLUTI1 D% BLiIfthoHbfa & R4
PLETE 57223, MDRI O%BLUZEI L TiX, L4ABMELCs ¢ RIETHDLIHDOD
hCMEC/D3 #fifid & bk L THEIZIK A - 72, hCMEC/D3 HHfEIZ 35 1) 2 A=A ifn.
BN G BB AR - OF B, hBMECs & FRERHIHLL L Ty,

RIEAVARNIE, ZZEHE AR FTRE 72 T B W THLO NG 1 0 % FIEME A 5 <
NTWDHD, NUTHERENE L <KW, £ 2T, ¥#E &M% E-IBMELCs #5584
RCEE 3% Z L ¢, hCMEC/D3 Flfad /N 7 HEREZ 7] L X5 Z & 2N A[HEM
E o &G LT (Fig. 3-3D), £ OfEH. hCMEC/D3 #illdlZ E-iBMELCs #5355
a5 9 5 2 & C, TEERED LA 23R8 Sz, Lo L. E-iBMELCs #FiE 5%
%3t L 72 hCMEC/D3 #fifid © TEER fE %, E-iIBMELCs (2753 L TV 72V Y iEPCs

@ TEER fE L VD HiKH > 7=,
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GV T, P-gp DOIEMEZFHEET 5 72912, E-IBMELCs ~0D 8 O & 4 | &
L7z, FOFER  SRIKHEROTINCG L A LB OMIENEREEOA E 2B

BlE2 X7z (Fig. 3-3E),
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Figure 3-3. Characterization of E-iBMELCs.

(A,B) Immunofluorescence analysis of PECAMI1 (green), VE-cadherin (orange), ZO-1 (orange),
claudin-5 (orange), P-gp (orange), BCRP (orange), and GLUT1 (orange) expression in iEPCs
(cultured in HE-SFM supplemented with 20 ng/mL FGF2, penicillin-streptomycin solution, 7.5%
KSR on a cell culture insert coated with a coating solution consisting of fibronectin and collagen
type IV) and E-iBMELCs (cultured in HE-SFM supplemented with 20 ng/mL FGF2, penicillin-
streptomycin solution, 7.5% B-27 supplement, and 1 uM A-83-01 on a cell culture insert coated
with a coating solution consisting of fibronectin, collagen type IV and LN511F) on day 4. DAPI
= blue. Scale bars = 50 pum. Relative protein expression levels were calculated based on
fluorescence intensities. Data are presented as the mean + SD (n = 3, n; sample number; **p <
0.01; Student’s #-test). (C) Relative mRNA expression levels of PECAM1, VE-cadherin, ZO-1,
occludin, BCRP, GLUT1, and MDR1 in E-iBMELCs, L-iBMELCs, hCMEC/D3 cells, and
hBMECs. The values are normalized to the expression of HPRT1. The relative mRNA expression
levels of hBMECs were defined as 100. Data are presented as the mean = SD (n = 3, n; sample
number; *p < 0.05, **p < 0.01; Tukey’s HSD test). hBMECs: » = 1. (D) TEER values of
hCMEC/D3 cultured under E-iBMELCs-inducing conditions. Measurement of TEER values from
day 2 to 10 and the maximum value among them is shown. Data are presented as the mean + SD
(n = 3, n; sample number; *p < 0.05, **p < 0.01; Tukey’s HSD test). (E) Relative intracellular
accumulation of rhodamine 123. The E-iBMELCs on day 4 were incubated with 10 uM rhodamine
123 in the absence or presence of 10 uM CsA for 1 h at 37 °C. Relative fluorescence intensity
values were normalized to a condition without CsA (set to 1). Data are presented as the mean +
SD (n = 3, n; sample number; *p < 0.05; Student’s z-test).
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34 BE

AAFFETIL, L-iBMELCs £V & A A MK A & N B ABREIZ TV E-IBMELCs %
HAERAT LT2 iEPCs 2 DAERIS 2 Z L IThk P L7e, M8 TIXLARIIC, iEPCs

LT« & 27 G B E, AR, Ac-LDL BV IAZRE, B IRAEE I Ak hE

BAREDOHMIZ Lo TEL LW E 2L MM LTWD [29], F72, AHFLEIC

V. BGERE S IR RED TEER EIZZEL LN Z ERHGMNE -T2, Th
b OfE R G, iEPCs (ISR DR A 1T L A EZIFF . EABMELCs ~D%y
fbici L7-fiHaIRCh 5 2 &R s iz,

iEPCs % E-iBMELCs |[Z/3{b &/ 5 72 12, £ T HB IR DWW TR L7z,
iEPCs D43k « YRR EFHICIZ, iPS MDA/ LAERH 3 L 7= g R C
o5 KSR BRMSLTn5, £Z T, KSR LV 0 {LicBENY T I A b
PR L& Z A, B27 28 TEER [EZAEICHMSEL Z Lz AH Lz, B27 1E
PREHILDEE R ICHHATH D Z LD, THEBERIIINADL Z LT, KOO
REICEDTAZENTELOTIIZRW N EFE 2Tz, IR AERHCIKEMILE N
B AR 23 fd PN O I PN B AT AR 2 0 b D281 Z & 2 BT H L. T T
BINTERTH D, HZ, FBS ORINIL E-IBMELCs @ TEER A% A EIZIK T
X+, PDS (X TEER [EIZREE H 2 IeivoT-, 2D ORI, FBS IZEER
DRk A IRREBHR, BVEY, A BUA 2| FRIZ PDS IZIEE £ TOR U I/
BRI Ry DAFAE [31] 73 iEPCs (2R 528+ 2 Z & 2R LT %, RIZ, TGF-
B Z AR EMRTH D A-83-01 2% E-IBMELCs @ TEER fi% EH S50 8 5 »
R Lo, 3 FIC T, TGF-B AR E 3D LiBMELCs DN Y 7 HERE A4 A
B EFSELZ &2 RH LIE27], AFFRIZBWTH, A-83-01 7% E-iIBMELCs
DN TRERE A ) LS 2 Z L b GifE e BBB BEREDIELT L AERFIC TGF-p o
TN ORIBENEE L TWD Z EARB ST, wBIC, lst~ B Uy 7 AR
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E-iBMELCs ® TEER fHIZ 2% 5. 2 508 9 & Et L7-, BBB I3 EEKEICE
tefffitiz L TRV, BEMRIIBBB ICHEWWAY THiEEZ 5 L TnD EBE 6N
TV 5[32], iBMELCs DE5#(21%. FIZT fibronectin <2 collagen type IV 5
ATV 5 03[8,9,30]. ZERN D BBB O REEMEE /7 121E LN411 <° LN511 72 & D
laminin 235 £ T 5, % Z T, 4 laminin % fibronectin & collagen type IVDIE
AR L2 E Z A, LNSIIF OFRINC LY TEER ERAFEIC EF T2 %
R U7z, MAFFEER CIELARTIC, LN221F LTk wiios o i £ T L7 L-
iIBMELCs 25\ TEER fHZ 7R3 2 & 2 L7223 [26]. ABFFEIZ ISV T LN221F
I E-iIBMELCs @ TEER fHIZ##% 5 2 72 -7, ZiX, L-iBMELCs & E-
iBMELCs CT/MbiFEEN R 570 THL EBbhd, BEFOREIZLD &,
BBB (Z 1% laminin 511 5% laminin 221 & Y B EIZFEEL TWD Z B [33].
LNSIIF 2N THBRICKRE L FHETDHLE W) AR ROFRIIZ Y THDH L E
Z 717, F7=. LN51IF HfR Tl fibronectin & collagen type IVODIREH) & kg L
T TEER ED EFH-/INE < N THEREZ 58 5 11, fibronectin & collagen type
VORGMBVEETEH D Z & DBRE S 7, T4 L-iBMELCs (236 T, LN511F
% B CH W = 53A12, fibronectin X° collagen type IV & [t~ "C TEER {3 E&H-3°
5 Z DS 723 LNSHIF B CIIN Eife ~ — 1 — OB AR 7 Bl b
THZEBRINTWD [34], ZO#MEICIIT D LNSIIF 1T KL% TEER fEDH
ik, LNSIIF 25Mife 2 FEN B ~FE LIZRIR TH D AREMEN B 2 b5,
iEPCs (KSR #¥) & E-iBMELCs (B27. A-83-01, LNS1IF #f) x5 & PN 57
i~ —h — ORI &L LT 5 &, ZO-1, BCRP, GLUT1 # > /X7 EH DL
BN E-IBMELCs [IZB W CHEIZHM L TWD Z Ebhno7z, £72. claudin-5
& P-gp DFEBN DTN EF L, claudin-5 1% & 0 58 < MBI BE L TV,
NS ORERMNS, E-IBMELCs % iEPCs & FE_XTNY THEBEA M L L TR,

45



B A LS N R IR OPERE 2 J815 L D 2 L AVRIB &7z, L-iBMELCs (3l
EANEME~—%—T® 2 PECAM1 & VE-cadherin O & J&) 7£ A% 59 \»
[10,26,27,35] A3, AHFZE CTIERL L 7= E-iBMELCs % iEPCs & [Flf§(Z PECAMI &
VE-cadherin 25 Ml f JBE HICHBEIC{IEL TWAH Z LRIz, £72. L-
iBMELCs Ti¥ PECAM1 3 £ O VE-cadherin @ mRNA OFHLNE L <KW\ DI
xf L. AWFZECIESRL L 7= E-IBMELCs Tl hBMECs & ZIE[R RS &EZ R LT,
B ORER S, EABMELCs 23, L-iBMELCs & ¥ & & N R & LT os
WRHEZ A L TWD Z AR S vz, AT, EABMELCs (281 % ZO-1,
occludin, GLUT1, BCRP Di&fs+ I &%, hBMECs 3 L U hCMEC/D3 sffifial &
Db EWMEE R LTZ, F72. E-IBMELCs ® MDRI i#{5 7 O% 8l &3 hCMEC/D3
IR L D AR > T2h3, ED L~ULiE hBMECs & [FAIfEE Toh > 7=, hBMECs &
invitro THET 2 L BIGFRBNE LR TT 5720, ZO-1 X occludin 5 (23
L T, E-iIBMELCs 7% hBMECs XY & @WER T REZALTWDH I LI T L
HETIE RS, LA ELVWEEZDBNLD, EHIT, E-IBMELCs |, BBB
ZRBITDEERPEH N TV AR—X—TH D P-gp DMEELZH L T\, b
DOFEFRIN S | AHFFETH S 7z E-iIBMELCs 13, L-iBMELCs [Z1d 72\ M %8 PN Rz Al
fol U CoftEZ R L, AR EMIIENEMICEE L ZMachsr &
DRE STz,

ANFEACHENE T d 5 hCMEC/D3 Mifli, mWEGEREZF5 D, IR TE 5
MTCTENTND2, TEER ERE LR ERMETH -T2, £ T, B27,
A-83-01, LN511F % & e E-IBMECs #%H2&F(Z & U . hCMEC/D3 #ifi> TEER fiE
N EFRTLME S NIz E 2 A TEERENFEIC L5 2 LRaS iz,
IS ORERN S ARBFFECR% L7z E-iIBMECs #E & IX AR H D | N
THREAE AT 5 2 LR Sz, LavL, EB-iIBMECs A8 & CTREE LT
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hCMEC/D3 ##ifd®> TEER fEl%, E-iIBMECs ~#53 L TV 2V iEPCs & fhik4 % &
HEIE Do T2, D728, AL A RPN O =/ i PN R & [R]% D
MWEZMET 57201, BOHTEZHBETL2LERNH L EEZDBND,

UT4E, Praca HI%, b b iPS MR H kM N A BT 5 VEGF, Wnt3a,
VF ) A UBE% W TIBMELCs Z{FRT& 5 2 & 2345 L72[36]. Praca & 3B
%€ L 72 iBMELCs 23 £ RPN O Il B/l 8 PG I L TV Z & 2 @mE LT
WA M, TEER fEIFIK S (5 60 Q x cm?), FHARRRREE OFEMEIT &V (LY D
WEEREC K 1x103 em/min) = & NBETH > 7=, AFSEO E-iIBMELCs X, Praca
5OHE L72 iBMELCs & i LC TEER EAAE < (100 Q x em? PA F), 5
TR DT MEDMER Y [LY OFEfRE: £ 4 x 10° cm/s (2.4 x 10* cm/min)] & & 7>
B X0 MERIME N EMIEO Y THERRICIEV S ORMERIE 72 Z &b
o7z, —J. L-IBMECs 1%, HEEF#RIEZ HWIICAEARN BBB O3 U 7 HEREICIT
WE S5 EV TEER E (1000 Q x em? PL ) ZR 3 R TEA TV D2, RN
O AR N RS & X R DB 2ROl Th D = L3S & LT
HINTNWD [20,37], DA EAEEEE 2 5 & AWFECYER L 72 E-iBMELCs (%, BE
17 A8 N R RTSRM I 3k iBMELCs & bl U ChiifEl 7 2 A b v 7 v a i
REZ A L. L-IBMELCs (ZIZ 72 WNEGila D FetE 2 m T i TN Ml E S 2 2,
F72. E-IBMELCs (%, #LREFHE - B RAF 21T 272 iIEPCs O IERITE 5 1T
FEHMTH S, LH L, EABMELCs @ TEER fEIZ/EKN BBB & [l d™ 5 & k8%
& LR . EREES L7z invitroBBB £ 7 VAWML T 5 72 OI21E, AifsE%
B0 & LB R DN LI EZE X D,

L-iIBMELCs D3fZx%, ZDMERZ A N v 7 2 a URe & FEOEEIC
B 5, iPS Mgk BBB E7 /L OESITE LTS L HAVWLN TS 55LH
BIETHY |, BUEICE 5 £ TR L O IEEHRO 4 72 B AR A0 FET A3

47



ITONTE T, £/, BEMIEEICEA T2 0 biFEETH DA THEL T
Do THHDOEMMNG FHIEWN Y T HRR 2 B & 9 2 BB JEIC B T
I%. E-iBMELCs £ Y % L-iBMELCs ® 5% BBB &7 /M3 2Mla & LT
FHEAEWEB XD, —J7 T, B-IBMELCs DI, WA N FHEIC S 5.,
E-iBMECs #&E5:FOPLAMEIZ DV Tk hCMEC/D3 fifid & & b iPS AHfEkE—HE
TLMEIT TE TV W, 5% KV MR 21T O BWERH DL H DD, E-
iBMELCs (% L-iIBMELCs TiIf5 5 V720 I PN BB L FFEE 70 52 4 3T -
LOITENRTWD LB bND, FIZREBET VE L TEIFETELZIT O 56
(21, ERCRRE A DR RS L-ABMELCs X 0§ & N R O 58\ E-IBMELCs
DI L TW\WD EE 2 D, EBMELCs Tld L-iBMELCs & Fif LT3 U T HiE
DIEED—>TdH % TEER ERMENZ AR5 TH D, LaL, LY OFibteEK
IHAYINHIERY | EEOWEFEGRMEILSIZEMERL VWL LI H L0, EE
#2152 & TE-BMELCs (2 & Y B REFTAM R & L CTERMATE 2 REMEIT+212
HFFCT& %, E-IBMELCs X L-iBMELCs & i L CRFZEDEREN D 72\ T2,
LBk a RN D OFMA NI 5 Z & T, L-iBMELCs O A % Tk L7 %t
TR HiiR E LCRIET D Z EBRHIfFIND,
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3.5 /&

AWFFETIX, B27, TGF-B % ZAAHESE, LNSIIF # 5 Z & T, iEPCs 5
iBMELCs (E-iBMELCs) %=k &¥ 25 Z L ipkth L7z, EfL L 7= E-iBMELCs 11,
L-iIBMELCs & Y &5 s N R 27~ L, BEfF0 iEPCs H1% iBMELCs &£ Y
BN THEREA A LT e, E 72, iEPCs [EN - HFHRE A A L, JEKRIEES
RSN ATRE CH 2720 BHIZAFTE LM TH S, U EDOZ EnD,
AWFFETIER L 72 E-IBMELCs (&, WA R 2 500 & L 72 AIZEFFES° BBB i
FELZ A D PRI IS MR B DI RBMEI 72 &~ D IS AR HIFF S0 2,

+ B27
* TGF-B receptor
inhibitor

S & Dz - LN511F
& Aoki H, et al., Heliyon. q %z w

(2020) 6(3):203493.

iBMELCs

iPS cells iEPCs (E-iBMELCs)

O Expansion O Strong endothelial properties
O Cryopreservation O Enhanced barrier function
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FIUE BE

AWFFETIX, TGF-B ZHR MR ESR A 5 Z & ¢, HERIED L 5 7o fEE et
EZ M E L H7°Z, BBB i3 L7z iBMELCs #{ERIC& A Z & &R LT,
F 7=, TGF-B ZAFMRFLEFKIT iBMELCs O AERAR OB IR+ 5 2 L 25
I LT, BT, ARBFFE T, iEPCs Z MBI N BRI L iFE 4 5 4%
L LT, 7.5%B27, 1 uMA-83-01, 10 pg/mLLNS11F OfAG O ERET S
ZEMTE T, AW T B2 iBMELCs I, FARARE R A5 & L 7= Bl 3EAT
J55° BBB ARHE 1 O SR AR B O REAR I 72 E ~ OISR s h D, 7L
VNA =i AL U & T L HRARI R, F OB RIS ST
IRNT L DT DN - TV A B & 5, iIBMELCs |t ~ BBB % 8L 7
HET V& U CREMATIZE 2 IR U, PR SR 2 B oD T 3K BR g6 A (et 9~ 5
B R A 5 2 D AREMEN 8 D, F 72, iBMELCs [3INA AV—"7 > MET L
ELCHBRABRTLVBEDOR WA U—= 7 &I L, BERBRE
REED D Z LT a2 hOHIER L ORNRAEKEZEIT L L EX LN
5, BT U T, BUROMBERATH L, BF OB R EER RIS 2
T LB D, AW THR DT RS S R 2 2Bl & LA L IR &,
ANz OEFICEBRT 2 2 & 2 RO 2,
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AT O ZATIZER L, AR E 72 e, HMiEE2 150 | F 72 ARG SCOEIFR
fl 2 TH X £ L4 =i RERFEFRIFE ARG R E 08 kR %
ICRELRDBEAERLET,

AWFFEOBATICER L. BRI OBIELE & 215 0 £ LcA T ETL R R
FREA AR R 20 B InRE EdRICRE R D EZR LET,

ARG SLAERRIC D720 | T2 DAL E LR 2150 £ Lo, 45 Rz
REFRF ARS8 Rz #fk, 4 B KRR F
FERFFERAING o7 - SN0 B IR TR R e & NS A MR TTSLR R
BeEET SR S ENREHI 20 B R B ISTRE# VT LR T,

AWZEDZATICBR L, ARRMIE & ZHHEB Y £ LA TR REXR
TG ERR o0 B R RAETE R, MO BEANL D NS4 R
SRR F G AT SE R R AR 2 0 B K ILES7 BuRICIE AL L BT E

ARBFFEDZATICER L AARHZREE 258, HHEREZ B 0 | S 7oA R L O
Pl 2 THE & L7cAd B RZPREBER O ZERHR AR 0 B B TR GHERD
72 6 NS4 o BT LR PR ZZBE R AT FERHR B AT 20 B T AR B3I TR
EROHEERLET,
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