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Figure 13  Differentiation of CD34+VE-Cadherin+ cells from human iPS cells by EB formation.
(a) Differentiation protocols. (b) The proportion of CD34+VE-Cadherin+ cells in human iPS cell-derived

EB cells was examined by flow cytometry.

cells in EB cells was investigated by quantitative PCR analysis.

(c) The expression of genes characteristic of endothelial
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Figure 14 Characterization of human iPS cell-derived endothelial cells.

{(a) Morphology of human iPS cell-derived endothelial cells. (b) The expression of endothelial marker was
examined by immunostaining. (c) Ac-LDL uptake assay (left) and Matrigel tube formation assay (right) were
performed.
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Figure 16 Enhanced barrier function of human iPS cell-derived endothelial cells by coculturing with C6 cells.
{a, b) TEER (a) and permeability (b)of human iPS cell-derived endothelial cells and HUVEC was measured after
coculturing with or without C6 cells. (c, d) The expression of genes associated with tight junction complexes in
human iPS cell-derived endothelial cells (c) or HUVEC {d) was investigated by quantitative PCR analysis.
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Figure 17 Coculture of Human iPS cell-derived endothelial cells with C6 cells led to the elevation of
transporter gene expression.

(a) The expression of transporter genes in the cells were examined by semi-quantitative PCR analysis. (b) The
amount of rhodamin123 in the lower chamber was measured in the presence or in the absence of cyclosporin A
(CSA) and MK571. Rhodamin123 is known as a substrate for P-gp. To examine the functionality of p-gp, we
used CSA and MK571, each of which is a specific inhibitor P-gp and MRP-1, respectively.
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Figure 18 Induction of brain endothelial cell properties of hiPSECs by treatment with C6CM. -

(a) hiPSEC monolayers were transferred onto non-cell culture (hiPSEC-mono), C6-cell culture (hiPSEC-C6) or
C6CM (hiPSEC-C6CM) in 24-well plates. Then, the TEER value of each hiPSECs monolayer was measured at
indicated days. (b) The permeability coefficient for FD was measured in hiPSECs before (hiPSECs) and after
5-day mono-culture (hiPSEC-mono), 5-day co-culture with C6 cells (hiPSEC-C6) or 5-day culture in C6CM
(hiPSEC-C6CM).  (c) Expressions of tight junction-related genes (Claudin-5, Occuludin and ZO-1) were
examined in hiPSECs, hiPSEC-mono, hiPSEC-C6 and hiPSEC-C6CM. (d) Expressions of transporter genes (P-
gp, Bcrp, Mrp-4 and Glutl) were examined in hiPSECs, hiPSEC-mono, hiPSEC-C6 and hiPSEC-C6CM by RT-
PCR analysis. (e) The hiPSEC-C6 was treated with CSA or MK571, and then the permeability coefficient for
Rhodamin 123 was investigated in them.  All results shown are the mean of three independent
experiments with the indicated standard deviations (S.D.). * p <0.05. 62
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Figure 19 Dose-dependent effects of C6CM on induction of brain endothelial cell properties of hiPSECs.
{a) The TEER value of each hiPSEC monolayer treated with 0%-, 25%-, 50%-, 100%-C6CM was measured. (b) The
permeability coefficient for FD was measured in hiPSECs treated with 0%-, 25%-, 50%-, 100%-C6CM.
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Figure 20 Effects of inhibitors of the canonical Wnt pathway on the differentiation of hiPSECs into brain endothelial
cells by treatment of C6CM.

(a) Expression of Wnt-7a and Wnt-7b mRNA was examined in C6 cells. (b) Expression of Axin-2 mRNA was examined
in hiPSECs, hiPSEC-mono and hiPSEC-C6CM by qRT-PCR analysis. (c, d) TEER values and permeability coefficients of
hiPSEC-mono, hiPSEC-C6CM or Dkk1- or XAV939-treated hiPSEC-C6CM were measured. All results shown are the
mean of three independent experiments with the indicated standard deviations (S.D.). 63
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Figure 21 Effects of the non-canonical Wnt pathway on the differentiation of hiPSECs into brain endothelial
cells.

{a) Expression of Wnt-5a mRNA was examined in C6 cells. (b) Expression of Ror-2, Fzd-4 and Lrp-5 mRNA was
examined in hiPSECs, hiPSEC-mono and hiPSEC-C6CM by gRT-PCR analysis. (c, d) TEER values and permeability
coefficients of hiPSEC-mono, hiPSEC-C6CM or Wnt5a-treated hiPSECs were measured. All results shown are the
mean of three independent experiments with the indicated standard deviations {S.D.). * p <0.05.
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Figure 22 Experimental protocol for the generation of hiPSC-derived brain endothelial cells.
hiPSCs were differentiated into CD34* naive endothelial cells, and further maturated to brain endothelial
cells.

Table 1 List of primers used in semi-quantitative PCR

Genes (5" Forward Primers (3") (5" Reverse Primers (3"

Gapdh ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA

Mdrl | GCCTGGCAGCTGGAAGACAAATACACAAAATT | CAGACAGCAGCTGACAGTCCAAGAACAGGACT
Berp TTATCCGTGGTGTGTCTGGA , CCTGCTTGGAAGGCTCTATG

Mrp4 CCATTGAAGATCTTCCTGG GGTGTTCAATCTGTGTGC

Glut-1 CCTGCAGGAGATGAAGGAAG TGAAGAGTTCAGCCACGATG

Wnt-5a TGCCACTTGTATCAGGACCA GGCTCATGGCATTTACCACT

Wnt-7a CACAATTCCGAGAGCTAGGC TAGCCTGAGGGGCTGTCTTA

Wnt-7b GCTATCAGAAGCCGATGGAG ACGTGTTGCACTTGACGAAG

Table 2 List of primers used in quantitative real-time PCR

Genes (5" Forward Primers (3") (5" Reverse Primers (3")

Gapdh | GGTGGTCTCCTCTGACTTCAACA GTGGTCGITGAGGGCAATG
Claudin-5 | CTTCCAGAATGGCAAGAGAGTGA | ACCACTGTTCTCCACTGCTCAGA
Occludin | ACAAGCGGTTTTATCCAGAGTC GTCATCCACAGGCGAAGTTAAT

Zo-1 TGATCATTCCAGGCACTICG CTCTTCATCTCTACTCCGGAGACT
Axin-2 GAGTGGACTTGTGCCGACTTCA | GGTGGCTGGTGCAAAGACATAG
Ror-2 AGGTGCCTATGCAAGTTCA TGTGCGAGGTTTAAGGTCTA

Fzd-4 TACCTCACAAAACCCCCATCC GGCTGTATAAGCCAGCATCAT
Lip-3 ATGGGCGCCAGAACATCAA AGATGTCGATGCTGAGGTCGTG 65
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EsLd 572, Pl/Calcein A A—V U 7,
LDH/MTT RIFFHIEEIC L > THEOND
BEART A —F— D& MIRBEDRTE
Mz HnZ LIz Liz, & b iPS ARk
PR LS ZAVE C in vitro FEMEFEAEER
BRICH BT & oA 2 5 s e R
FRICELEE LT, BERICIIANRT N &
b, 7u hariiwEib Lz (Fig. 6B) .

C-2-2. t b iPS HHAEH AR O BB
BHEMRHESIRIE (Fig. 6C)

253G1 HEFPREMIIZIE L-Glu 126 LT
EE A EDIN VT LEERE R ST,
NMDA ZEERS b SN 2hotz,
—75 . iNeuron [T# U T L-Glu IZxf LT
AN LIEEEZR LR, Rtry M T
t, NMDA ZBEEEIBBEHEINDT =
— T R ENLWTF 2 —T B otz, *
Z T, NMDA ZAFEHOBHEES
iNeuron & 253G1 H #2402 12,
L-Glu %3/ L7= (100 uM, 1 hr) , 253G1
TlX.Pl/Calcein 4 A — 7 LDH/MTT
BIEEDNTILDNRT A —F —THEHMEN
BHENRroT, —JF . NMDA Z&RF
B4 3R & vz iNeuron (X EEEVVTH

DINT A— L —THH B EES B
iz,

C-2-8. VT 7 ABREEREFTAM 15 DRESL
Ml Ek 2 RV ETHD RLT U v%
NAF~—h—b LT T T AEE~DRE
BETET 2 FEE 7 v MEEEE RN
fied % N CRESL LT, RRRZERIZIBWVT,
ANRA & EDRIRE ORBIRSER D KL
VoAt % Fig. TA TRTERIZA A
R IR 22 b (spine-dendrite retion:
SDR) & LTHHTDZ LICHII L, &
7z, L-Glu 100 M % 10 ZRI#EA 5 &
SDR OFERIETRRNWE S, v 7R
WBEEE D SDR I L2 EELBAEETH
52 e Ean (Fig. 7B)  (Mizui et al.,
PLOS ONE 9(1) e85367, 2014 X 0 ##) .
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D. B
D-1. in vitro BBB EF /DK E
AZEBRTIX, BEFD invitro BBB ¥ b
AL L, invitro BBB 7 /LKA
TV TERNTLHZ LR, &P
AENIZITVY in vitro BBB BT /VOEHE %
BigL/, 227u2 ) 7IXHFEIC BBB O
NY THBERAEREI T, £/, LPS
THIE%EZ L7327 22 Y 7t BBB ##E
MEl L7z, KRERRICBWT, WK
LY T REEOEME LT
D, 7 az )76 OIRMERF I BBB Y
U THSEEAFIEI LTV D 2 LSRR EN B,
o, BaIIEROHOMEH L, FUT
HEEZI Il YV THREROYA "4 v
ENLTCRETAZEEZRNELTNS
(Shigemoto-mogami et al.,, J Neurosci
34(5), 2231-43) , fE> T, RO A A
AVENLEAT=ALITED, NEME
DEEES L RE L TV D AREMENE 2 5
Nic, 22T, RET VORISR EEA
BEL, W@ A ML s TEIA Y
fEtr (27 f84H) %{T-o7z, LPS H CTHIE%
LTWRWI e s Y 7REEN7 BBB
v ORBEIO AT 4 U AZBWT, IL-S,
MCP-1, IP-10, VEGF,GRO KC CINC, LIX,
MIP-2 DEAMNER L, —75 . Fractalkine
DEADIH L Tz, VEGF 3RV ¥4
FOT A hatA ML EASH, MEH
EEREIETLZEBRLMONTRY, &
%, 270UV TEHRFRMLEZZEICLS

VEGF DEAA I =R LFB L, BBB N
THEEDHE R L OBEME L BT D BER
H B, MCP-1, IP-10, CXCL-1,
RANTES Z 2V Ti% BBB D/ 7THERE

BTTHEVIHMERHLEN, I/
TEIZ X VR UZBERND 2N &
b, KBERRKICBTAZNLDYA ~ D
A2 - FEIA X, BBB O\ THERE

RET HFEEM D E X2 biLD, Fractalkine
DRENFEE L TWRNWIZ s Y TR
METHEERICEAT5Z LB LN
7z, Fractalkine D& CX3CR1 (& H#EH
BRIZBWTI 70l Y TIZOREENIC
FHIWLTWABZ &h b, Fractalkine DIRE
AENZI 7 v 7 U THRBEE LTV BTN
BE, Elz, FlEzLTnwinIira s
U7 WAINC &% barrier function DAL &
Flactalkine DREZEAl & O BEEIZ FERANFF
7zivB, LPS FlAE L7eI 7 a s V) 7T0E
Fhiz BBB v hOMAID AT 4 7 AT
X, 16 FEDYA MUY - FEIA DRE
ENBBIZHERKLTWAZ ERBELNIA
o1z, TNOLDYA NIAY, TFEHA YV
®D 9%, L-1 alpha, IL-1beta, IL-17a, MIP-2
IL-6, MCP-1, IP-10, GRO KC CINC-1,
RANTES (225 Tid, BBB O/ TR

BFSEDLIEWIZDHEPHY . LPS
TIEMELTEI 7 a7 0 T70hbInbDRk
FEMETA MU A FEIAVPEEASH
7 fER, BBB DAY THEEENME T Lz &%
oD,

IL-17a,
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A, BEt L7z Tds (ZO-1, claudin 5,
occludin) 1Z, BBB (2B W CENENRA
HEEREE o Te X X ETHhH D, Z0-1 1%
BEDESTH & X B T 2D, Occludin 1
Td OREWREETHD T AT K
BT 2EERF 0B E LTRESH
e, v T U LTS T HEEDAEE
95 Z E1E72, Occludin SR UL, TJ
AT v REERKT 5ERA Claudinb 1%, /
I TURNTHZEIZED, T AT K
WENBRET D Z &b, TS Bz iEm
DT OROGEERMEK S I EThD &
EALNTWD, flifEzE5E2TWiRrIIsna
7'V 71X Claudind DR RFE L5H
ZHEL, LPS B L7 7ua 70 7
Claudinb ¥ & O Occludin D F&E % Hl
L7z, ZThb 2 FHFICBITDHAT 4 7 L
YA MIA v, TEIA VDR DE,
IREEDEV & OREICEENF- 5,

Eiz, FxIERETNVICE ST BBB (2
BEENRY L-Glu HEHMEENH D Z L H AN
LT, BIERRMEAFEERL TV
GLAST, GLT-1, EAAT3 OFEHE|X LPS
R L= 707 ) 7z k- TERICED
L7c, xDI7va 7Y 7EHIM in vitro
BBB &7 Vid, BRAx REMEITBT D
L-Glu $EHENDZELB L VED A H =X
LERRST DAY — 72D,

LI EDFERDG | in vitro BBB 7 /L1Z X
7 a7 )T EZHEMT S LT, in vitro BBB
TTNVORAN L VRE L, EENIZES

ST &, e (MPZAERF) > BBB #
BObRMTED LR DZ Enbhat,
ShiZ, ZoIru )T ORBIENE
NOFFIZBNTRR DM G DY - RE
DA NIA 2 TEIAPEEL T
D EBNITRENT, > T, RETNVILHE
W DR ARN E THEME L 72 in vitro BBB
BTN THDEERD,

D-2. b b iPS A H SRR B & v
7o in vitro FHEFAM R OEE

E b iPS NG A SRR R AR AR o A AR &
FEAIR DR, B L OERLEER LT,
PI /X DNA OE b AAEIEIZ intercalate
52 LIS EVREDOREEE (620 nm)
ISR X AL D, MR & FEHIfAS LT
WD RMETIE, MIREANMREEE 5 1T\ B
FEMBRDOIIZE D Z N, EHEFRTH
b, TNETTr—YA MA R —72
ENBRASTWED, AEL &~ iPS
R R STt R AR A oD AR B SE AT L b A %D
THHIEWRSNT, 7272 L PI IX DNA
DB b AMEREIZ intercalate 95 Z &1
L VR OREHNE (620 nm) 2SR I
Ho ZARSBEEDKEE L intercalate L THR
BENEHET DO, ZARHE RNA LHEE
LTHHOFNTEHNERET D, > T, E
WREREIT I -0, BUSAO®RN L
NLEIEE 0 12T D80 R0 T Z
DI VNNV ERETONERHDHTHA D,
F/o 0PI EATIET AR h—VRAERI LE
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AEBLD DNA BTAERT R b — Z/MED
BAREIZHBTE T, o CRMBEKOER
HI72ERICIN 2 CTEMR 2GR (RRsEN
THRR=VRZED DN, F7r—V R
WCE2bon, %) bELIZERFRER
oz, AT BT, BEENREEEMR
MR AW BT E 7 MREEREE 7 2 b
a/v% e b iPS AR RmRMEA IR
Wb L7, EREBRRE LTI, B R IPS
0 R ST AR R A A L A RS R MR
L, EFITIIPACTVARICEERT S
i, ko a banTix Pl RERHE
N 24 B L R0 TV B N, B UEMATIX
Pl ZBOAHTITE A EDORIREIFEHR L T
LE D720, Pl HERMZEMELZATH
5, ZHET, Pl BERIZEENSHRE SN
B3 < MIEEEDRNTZA = LT
RHATH D, FREFRERICIBNT, FREHM
&S LiZvF 7AW BETHEALT
Wb, VT RIL, BESRME CTHREMMRE
EEME I NVE I VERORHERN EF 4
5EVoTls, RESROEN =TT AT
BHEEZALHT< T V=050, RBES
W Lo To EIR PR RE D FAR L T
S2TW3b, TDO—FT, T RAAEHIC
Bii> 5 NMDA B 7 N2 I VERSZ KA,
W7 NF I VBRI Lo THIERE D
ENHHEFEORRE 2oTWVWD, BHE
EIEIIHRERARBEEA V=L THY
EIIFEFICE L OMREELBOA S =X
LEIgoTVD, SEFE L 1T, NMDA X5

EERTZ720 253Gl S M IREAR T
ITHREZMENHFR TE T, NMDA ZAEKE
FFD iNeuron TIZHEIEFMHEZBH TE 7,
IO DORERIT, ERLE O PR R~
DEEFHEZAT 5 To DIk, AL T bAg
A=V 7ET HEER) NMDA = &K%
BEAMERTHIBLERDDHZ LR LTINS,
MRBAE 2 > ST E R VT Y S S A
v —H—L LT T ARE~ DL
i+ 5FiEEMHL Lz, 77 F U EAER
BThHHRRVT U T I ABENER
REFIE, BT T AEALTH D A/A 1
ERLTWDHN, VT 7 AMEBICEFE N
nsetREPBREREICOB]T D
(Takahashi et al., J Neurosci 23, 6586-6595,
2009) . 2T, LT UVDANAL
BELZ VT T ABRERED T A—F—L
LCATAZENTED, HAxIEFLT
U DANA BPRGEEE ST 2 SDR &\
IEEERETHZEICIVERILT S
EITHEh L7z (Mizui et al., PLOS ONE 9(1)
€85367,2014) . £7=, Z® SDR ¥ T
AR B L 5 2 5540 L-Glu K%
WWE-oTIETTHZ bR LI, 20
DiERIIEREE~DHELE S SDR %
AWTTFRTESRBEETRLTND, &4
BIXT TIT B & i fE 2 DEBR
S PEI M % FV T, SDR D& IRARE
~DEBEFRECONTT —F 2EHET S
VENHD, £72, B b iPS FHE R
MR D SDR EHICHEY e, &
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BT, AR UEENA B e b iPS
B E Skt A AE A AR L 72 BRI AR /ST A
— 2 —DHEEIC O N TR EZIT 5 FET
HD,

E. &

in vitro BBB 7 /MZI 7 n /) T EER
925 Z & CREE A B I REIN F CRERE L
BT NERVEDLZENTBRINT, &
o, X7 a7 ) T7IZ KD barrier function P
BN A S A2, TEDA CDBEAEL
TWAZ LRSI, FHRARERICR T
% M EEME RGN 4028 C b 2 BUE R
R a b=k iPS A SR e e A
CEE b L, BEBEEORITICNRII L,
Fio, MRBSEERMEORER L 2B > F T
WREFEMMR%Z FL 7Y SDR ICL W EE
HNCFHEFTRE & L7z, PLEDREAREAF O
AEDFIZE D A=A T BT LR
BRI,
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