PREFLTC, € ORER, Wot-ba BT
Ce Mz BL LA Z & (Fig. 7a) .
hiPSEC-mono % £ O hiPSEC-C6CM D
FIZBWT Wnt-ba DZFEETH 5 Ror2,
Fzd-4, Lrp-5 OFBRFNFEIRL TN D Z
ERHALMNE R oT (Fig. Tb) o F7o.
Wnt-5a % /EH & ®7 hiPSECs ([Z81) % #
A Moy s a CTERREEERE Lz T
A, Wnt-ba OEMC L 5 TEER [ED -5
BLO FD ZlEOEKTIIALIT,
Wnt-5a DYEA Tid, hiPSECs D% A ¥
Y7V a VIBERBIETLE SR o
(Fig. 7c, 7d) . L EDOFER IV |
Non-canonical-'Wnt &7 /Lt b M &
PR D B BVEIC 1T F 5 L7 2 & 23R
I,
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Mg~ E b Lz, Bl EDRERLY | iPS
MRS ERT S TMEOFRERER L TV
L ERARFEETHRE NI,

Iz, b hiPS ks b EB FEREEE I
LC. IMIRATBEAEAL A (L F5E L7356,
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CD34'CD43*?D 4 ZFEBRAELC D Z L HBH L
nNTnWa, T2 T, vA MEERTEERAEEAS
EDOSECEENDOPRE L, TORK
. CD34CD43 43 E<> CD34 CD43*4 H
NHX, A MRRITEON 2o T,
CD34'CD43 i% 7k M #& # fa & [ .
CD34 CD43HIRFEHREMA L B LT
Bled, ZTOLIBRFBRNEONTZED L
HH S5, £, CD34*CD43+/ LK ET
MRS EENDELEZDONTEHY,
ERE. CD34*CD43* 43 E A bid~ 2 MEfE
NEL /b, IHIZ, CD34*CD43 4y
E2AH bR Ml r =—2HE L7,
CD34+CD43 4y B (i & PN B R AE & i

HIROLBEORBRMIESE TH D~ Y
FTITAINBREENLTWVWDE 8,
CD34*CD43 HE 1 b b~ A Mlfafk=a n
=—RELTEEEZOND,

t b iPS A% VW72 in vitro EWE=
HRHESR ORI mIT. REEIT, iPS M
fr SR~ A AR O BRI IS A REIC DV T
MLz, ZORER, iPS Mgdf~ 2 b
MR IgE 2R8I K 0 BUEERS B2 R L
eI, AoEFEEICIVELNE
< A MEIIHERER 2~ 2 IR TH B Z
EMREINTZ, 5%, in vitro EWEME
MR OBEIC AT, iPS MfgER~ Ak
MaERANT, BEEE T EWEIERT
5 LT, BIBRIGE R E T 21 EDE
LTV BERH D,

BIED~ A MlIE (LR ER T BRI
D= A MRADOIEMALITIR T 525, B B
~ A MR OTEELIZ R LT oM s RIx
RNZ ERFMBN TV, HE— b MEE
-tk b IgE HiAIX IgE & FeeRI & Dk
A%MEEL, B b~ MEROEELEZ R
ETLH0R, BOTEMETHD, 4%, AF
EBICXVFEELZe b~ X Milaz Auvi=,
FHTT LAX—EORENIIIFIND,
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D-2.t b iPS A H> O i 4e SR A M8 Py B A
R~ DS LFEEIE DRESL
RTEEEEICHESL L= B b iPS iR sk o i
I8 PN R AR O FEERLE VL, C6 Ml & oo 3kEs
FEIZX Y hiPSECs % I PN MR~ &
REL S E 5 HETH L0, HilE R
RO VERZNRA C6 MO IRAEIC 2 &
NadENIRENEII T\, SFEED
WFZERR L v, C6CM % AT L=
ATH, C6 & DiLEEE LI 5GA & Rk
(2 hiPSECs 18 PN Bz lifig ~ D il
rHEcx s LnrEn (Fig 4, 5),
hiPSECs L& P9 B2/l i~ D szl 3
C6 MRIDREBIZELG S D &V S IRED
fER STz 720 T <, b b iPS Mk
Jib L8 PN ECRRAB DRI 872 . =TT
A Mg - &7 0 — & —MRESET 1T
5Z LRFREL 720 (Fig. 8). MMM PN
AR DOVERIZH R L BHMEICH B L 52 HE
EAEIEER Y Br< Z LTk Lz, BAEM
BTV AE bERMMENE ML, &
HIRDPEETH D, & D WVITIEREN
REELVWO MBEZRATEY, £adt
I BBB E7/VEDRIFEMSE L L TEER
BRTT NMMEROBE ThH Tz, AR
XV #E S iz b R iPS MR AN M Y
BRI O MEREIL, FEERIE AN & CAER
SNEFETHY ., SHROBIZENICICKIT
DEVILAME EBIAVISAER RS LD,
hiPSECs %> & fitf i & P9 B2l i~ oD At 2
{23, C6CM # AWz E CHLRHER SN

T Enb, C6 Mg kDR T3 e b
MR ZRET 2 Z L AR S
iz, SEEOWIETIE, b MNRILENK
FIRE O R b 2 A9 5 4T B O AR BR 72
HONC b b AMIIE P RIS O & 2 =R R
DOEAFEZ B 720, S5, C6 Mgk
DEARERFOBRE 21T 7c, ZhE
TIZ Wnt-7a B8 X O Wnt-7b 1 & 2
Canonical-Wnt &I DOIEME(L < T A BN
BT HMERRICHED CTREETHLZ &
PHE SN TWD A, & M MILE P
DA S BAET 5 DNIARABREET
bole, RWFITX D | MM E N0
BRMEIZIB T, Canonical-Wnt 27"/
PN PTHHEEEL TS Z LBAHLNE R
ole, —H T, [EWEFET TH C6CM
(Z & 2 i B P BCHR A~ D LM AR 23 B
EilhedonlzZ b, REATIEF
BRI Cid7e < MBIV TV B Z L AVR
Wiz, £7x. Wntba 1T & 3
Non-canonical Wnt #EH DIEME/LA & b
&R EMIRRICRBIT 2414 FYox 7 v
g VIERDTTEIZEE T 5 Z L RRE S
Tz, Wnat-5a % hiPSECs ~EAH &
RIB, FA MV r 7y a VRO
#EIXAH N7z (Fig. Tc, 7d) » Z D#E
RiT. C6CM (T X % i & PR Bz HE R D Rl
{LAERIZ Non-canonical-Wnt ¥ 7 F /L 13R85
EL2nZ 2R LT05, T, v 7R
2T v NEAVEER» G, MG R
f DRI 54 2R F & LT,
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Shh, TGF-B72 ERN|MEI NI, 21 b
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Figure 1 Differentiation of mast cell-like cells from human iPSCs.

(a) The protocol of the generation of mast cell-like cells from human iPSCs. (b) A typical mast cell
colony grown at 6 weeks culture from iPS cell-derived CD34+CD43+hematopoietic progenitor cells.
(c) The proportion of CD34+CD43+ cells in human iPS cell-derived EB cells was examined by flow
cytometry. (d) The number of mast cell-like colony from iPS cell-derived CD34-CD43-, CD34+CD43-,
CD34+CD43+, and CD34-CD43+ cells.
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Figure 2 Characterization of CD34+-derived mast cells.

The expression of tryptase, CPA and chymase mRNA was examined in CD34+CD43- -derived mast

cells and CD34+CD43+ -derived mast cells by qRT-PCR analysis.
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IgE degranulation Assay
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Figure 3 B-hexosaminidase release from iPS cell-derived mast cells after stimulation with IgE.

The exocytotic response was determined by measuring the release of b-hexosaminidase. iPS cell-
derived mast cells were sensitized with IgE and stimulation with anti-IgE antibody. B-
hexosaminidase enzymatic activity was measured in supernatants and cell pellets solubilized with
0.5% Tryton X-100 in HEPES buffer.
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Figure 4 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 e28eriments
with the indicated standard deviations (S.D.). * p <0.05.
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Figure 5 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 6 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 eZSeriments
with the indicated standard deviations (S.D.).
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Figure 7 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
mMRNA 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 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. 30
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Figure 8 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 TTATCCGTGGTGTIGTCTGGA CCTGCTTGGAAGGCTCTATG

Mip4 CCATTGAAGATCTITCCTIGG GGTGTTCAATCTGTGTGC

Glur-1 CCTGCAGGAGATGAAGGAAG TGAAGAGTTCAGCCACGATG

Wnt-3a TGCCACTTGTATCAGGACCA GGCTCATGGCATTTACCACT

Wnt-7a CACAATTCCGAGAGCTAGGC TAGCCTGAGGGGCTGTCITA

Wnt-7b GCTATCAGAAGCCGATGGAG ACGTGTTGCACTTGACGAAG

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

Lip-5

ATGGGCGCCAGAACATCAA

Gernes (5" Forward Primers (3") (3" Reverse Primers (3"
Gapdh | GGTGGTCTCCTCTGACTTCAACA GTGGTCGTTGAGGGCAATG
Claudin-5 | CTTCCAGAATGGCAAGAGAGTGA | ACCACTGTTCTCCACTGCTCAGA
Occludin | ACAAGCGGTTTTATCCAGAGTC GTCATCCACAGGCGAAGTTAAT
Zo-1 TGATCATTCCAGGCACICG CTCTTCATCTCTACTCCGGAGACT
Axirz-2 GAGTGGACTTGTGCCGACTTCA | GGTGGCTGGTGCAAAGACATAG
Roi--2 AGGTGCCTATGCAAGTTCA TGTGCGAGGTTTAAGGTICTA
Fzd -4 TACCTCACAAAACCCCCATCC GGCTGTATAAGCCAGCATCAT

AGATGTCGATGCTGAGGTCGTG
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WML, 37°C. 30 A ¥ a— LK
HNZ#%1T L7 Na-F B3L O EBA ORE
ZRE L7, Na-F EEIZ Em 494 nm,
Ex 521nm OEYEEZ, EBA RE 1% 570
nm DOWIEEIZESNCTEH L,

B-4. Tight Junction proteins (TJs) .
(L-Glw)
Western Blotting
HEERBE% DO BBB T A7 =D
NERIAZ Y TNy 7 7 — I TR
L7, 1B L7z 7% SDS-PAGE T
KEIDBEL . PVDF AT LU ~BE L
Z0-1, Occludin, Claudin5, GLAST
(EAAT1), GLT-1 (EAAT2), EAATS,
B-actin JEIRAY 1 RHLIK & LiT—Ho 1 >
Foa— kL7, HRP #FE#H L 7= 2 ik
THLE L7=%. LAS3000 (BL7 1 21)
ZRWTEERE T I A2 B LT,

Glutamate transporters @

B-5. L-glutamate (L-Glu) JBEHIE

5 ARIKE# L7- BBB % v h DMl - i
il o M PR B &K 2 BN L. Glutamate
(GDH) (20 U/ml),

B nicotinamide adenine dinucleo -tide

dehydrogenase

(BNAD) (255 3-(4,5-di-
methylthiazol-2-y1)-2,5-diphenyltetra-

mg/ml),

zolium bromide yellow tetrazole (MTT)
0. 25 Methylphenazinium
methylsulfate (MPMS) (100 pM) % & e

TokA Ny Ty —& 1% 1 TRIGEH,
Stop Solution THURNME L SE 7%, 570
nm OWOLEZRIE L. BEFRED L-Glu
IR CHERL LTe A X v B — R — T2 3
& L-Glu REZRDI,

mg/ml),

B-6. A NIA VA EEE R
EBAFATER (Milliplex)

BBB ¥ > k5 H H OAIEEEE _HIE % B
L., A4 " A TFEDA L E% Rat
Cytokine/Chemokine Panel (Milliplex)% Fv>
CTHIZE L7z, BioPlex200 A7 A (Bio Rad
) RO A NIA v TEIA 2T
BHEOREZERFN & Lic, 7 — 2 I13fE
HT > 7 I Milliplex Analyst Ver. 5.1 & FH\W T,
t—h vy 753 T7CERLE, 2 hr—
NEE (0=8) . I UT (MG) BN

(n=8) DEHEZHEH L, = hu— /L
CEHES LT, MG BB CEENHEALE
YA NIA L - FEIAVERIC, WAL
b DEEICELL TRV DEEAFR
WA~ FNEN 8 I NAFTODHA K
AL « TENA VREZe— vy 77
7L LTmRLE, AR, MG BINE

(n=4) . LPS-MG #M#E (n=4) OFHIE
ZHEHL, MG #NEE & I8 LT LPS-MG
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BIMEET BR, RE, Bb Ly A M A
Ve TENA LV DREEE— T T T
7 LTRLT,

(R Em~DELE)
PP ERICBONCIELERLE REE
HZEETAMRRE T 5 B EBR OB IE 72 F I
B4 oMREICHE- T,

C. #rorsR

C-1. S 7uZ Y 7EHM in vitro BBB £
VDN RAERFIZIS 1T B barrier function
DEAL

LPS X7 T 2[4 T A B B S1 TS 0D 18
B Thy, ERMICRIELTRT 720
AR SN D, in vitro BBB £ 7 /LD AR
R, Ao T A b aPA MILPSIZ X
> T 1 BREH bSE2I 7 u 7 ) 7TE2R
ML &ZA, TEER BRHEICHED L,
NA-F OF#EMEIT A EICIEAR LT (Fig. 2A),
AET VOO TIs (ZO-1, Occludin,
ClaudinS) DFEBAE N L72fER, LPS T
EHEL=I22u 7 Y 7 2HML7- BBB
£5 )L CrE, ClaudinS, Occludin DFEIRH
BIETT2ZEPHALNTR->T (Fig
2B) , 27 uZ U7 OIEMELEIHT S Z
EREMBNTNWBEI A7 ) HEFETIZ
BWT, LPS THEMLLIZIZ7u s ) 7%
BAN L7 BBB &5 /LT, LPS MLERE & L
B LT, TEER BHREICHKEFE L, Ll
72085, NAF OFEtER X O Tls DFEEIZ
DWTIFEAL A ED o T2,

C-2. 37 uZ'Y 7HM in vitro BBB £
NERWERAL, LER L-Glu 3R
g ORE

In vitro BBB ¥ » MNEEDIEHITIEL 50
UM @ L-Glu RERFINEBY | BEEAF—
bR IR & MR L TRICRED
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L-Glu 7% BBB ACEUZFEVY, 5 H BRI
S 1= [y v 1 o/ N 1 = s
uM Ll k&7 % (Fig 3A) , &S 50 uM
UbEipo7cZ Lik, BBB THREENHY /R
L-Glu OFEHREZ > TWND T & DRIE X
N5, LPS THEMLLEI /7 u 7 %T
A badA MZHEML, L-Glu #&EAEI
DWTHRFFL7c & 2 A, MEMO L-Glu 2
EN LPS THEIWIKT L (Fig. 3B) . i
IR E I BN oo lz, BETIVONE
AR FEE L TV D L-Glu
% —. GLAST, GLT-1, EAAT3 O¥E % v
T AF LTy T 4 T TRE LT RER,
LPS TiEML L7 a 7 ) 72T
HZ LD, GLT-1 OFERENHEICH
LT B ERALNERoTE (Fig 3C) &

KT AR—

C-3. 37 uZ U 7¥M in vitro BBB £
JV® Barrier function DE{LIZED 3 7
HA Y, A FHA DOV TORE

AERRIZBWT, REMIAEIZa s
U TIEEBEOHEME LTV RWNED, 27
a7 7 b OWRMERTF2S barrier function,
N OERERALZHE L TWD Z &
BRBEND, T2 T, RET/LORMAILE
EELEBECERIL, @R A A2 T
EUA RN Q7 TEEH) 21707, KEY
A TAy - FEhARERER,
Bioplex200 T1T o7z, FigdA 1%, HHIC
Control @7 A b v A ~EMDFE
(Control BfD HE) LB LT, I/

70 THINE Ko TREDER LI-YA b
HA v TEIA 2 EANCRERBD L
TohA NI A Yy - FE'EIA WS, EH
ZTROREERbEe— b~y T TTT7L L
TRLTWD, LPS % THIEAZ L Tnan
2w U TREEN BBB ¥ MO
MDOAF 4 T HTBNT, 2727 ) TR
Ao Tz ba— LT, F
EZ, IL-5, MCP-1, IP-10, VEGF, GRO KC
CING, LIX, MIP-2 DEANHE R L. T,
Fractalkine 7 BAZEAREHIHEI L T
7= (Fig. 4A) , %12 IP-10, MCP-1, GROKC
CINC-1 DEARENE L TR A
N A 2 e 1 A R EEAIZEA pg/ml
EIEFNZ Do T,

LPS THIEA L7z 7/ U 7T HREEN
72 BBB ¥ FDORAID AT 4 7 AHIZIE,
BRI 70 VT REENTZAT 4T A
CHBLTC (BRI 7 a s Y TEO T
&) . BH&EIZ. IL-1 alpha, MIP-1a, IL-1beta,
IL-6, MCP-1, IP-10, GRO KC CINC-1, LIX,
RANTES, IL-10, IL-5, IL-17a, Fractalkine,
MIP-2, TNFalpha DIRENE W &, & Db
i}, IL-6, MCP-1, IP-10, GRO KC CINC-1,
LIX, RANTES I OWTITFEFICEBED
YA NIA Y s TEIA CBEEAISILTH
BHZENHL MR- (Fig. 4B) .

UEDFER» S, 271727 U 7 HABBBA
UTHSBEDR LA 725 L TWBER, £/,
EHE L7227 a2 ) 7BBB#RE A KT
SHTWHREIC, BRH5ELEDEDOYA
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KNBAY - TEIAVDEEHLTNA L
DR BT IR o T,

D. £%

REERTIL, BEFD invitro BBB ¥ v b
ZEA L L.  invitro BBB £ /LVORMANT
I7u VT EEMTLHZEICED, KV
EENIZITVY in vitro BBB ET VOB
B L7, ZHETIZ, LPS THIEZ L7
I/ v2') 71X BBB #REZIEI L, 0EF
WEMBICHEE L TWDL 7V Z I BT
VAR—Z—BELERTSE5Z L. LPS
LZTHIBEEL TV RVWI 7Y TR
BBB BBV IREL, FNVZ I VEERNT A
R—F — ARSI ELZ L E2RVWEL
2o AEBRRICEBNT, AEMIE I 7o
7 U TIEEOREME L T RWna),
a7 T o DRERT2? BBB NU T
HREZHEEH L WA Z R BIND, £
T, RETNVORMMAIEEE LIEZ R L,
RV A NI A v - TEIA T (27
fEfE) %iT-o7, LPS fligE L7z ns
U7 REENTZ BBB v NORMEID X5
A4 VAT, 16OV A NUAY - FED
AV DEEPFEICHERLTNDS Z LA
LN oTe, TNOEDYA NIA LV 7
EHA DD 5, L-1alpha, IL-1beta, IL-17a,
MIP-2 IL-6, MCP-1, IP-10, GRO KC CINC-1,
RANTES (22 Ti&, BBB DN D 7 #ERE
EKTFSED LWL OMENRH Y, LPS
TEMAE LTI 7 a7 0706 InboRk
JEMEYA N UA v, TEIA VUPEESH
TefER, BBBOANY THRENMET L2 &%
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oD,

—J5. LPS ETHIlEZ LTV 71
70 T INEENT BBB ¥ v OO A
T 4 U AIWCEW T, IL-5, MCP-1, IP-10,
VEGF,GRO KC CINC, LIX, MIP-2 D AN
¥Rk L. —7J. Fractalkine MFEAED I L
TV, VEGF IRV P A Fe7 A hatf
A M BEASI, MEFELZHETLZ
ERE<HmbENTEBY, 4%, 27w
TEEMLEZ EIZX D VEGE OFEE A
=X AF LN BBB /YU THEREDHE K & D
BEME T RE T OHLEND D, IL-17,,
MCP-1, IP-10, CXCL-1, RANTES {Z-2W\ T
BBB DY THEREZ R T 472 & 9 EMN
HHMN, I Y TIRIMTEVERLE
BEMNDRN L0 b IRBERBICRT
BINEDYA NIAL « FEIA L,
BBB O/ THSREARET S AREME B B X
b5 %, Fractalkine DIERENHIEE LT
s u s TIRMECERICEA TS
ZEMNBH LM/ 5T, Fractalkine DX E
& CX3CRI [T RICRB N T I 7 v 7
VT DHFERINIREEL TND T &b,
Fractalkine DIREFREICI 7 v ) 75
HBELTWDS AR @V, £/, Rz L
TWRWI 7 a7 7EHRIMZ XD barrier
function DZE{k & Flactalkine DIEREEZAL &
DOBSEICHBRB TN D,

Fle, TNV A NIA L TEDA
v DREEBN L-Glu T VAR —F —3
RICRIETEHEIC OV THEHBRFTOMLE

N2

LI EORERD S | in vitro BBB ET /LT 2
77T 2N 5 Z LT, in vitro BBB
BT IVORAN XV RE L, EENIZES
T &, R (IMNZIERF) @ BBB %
RO TED LI D 2 Elbholz,
SIBhiZ, oI 7ul Y TORETIENE
NOEMFIZBNTERDEAE DY - RE
DY A "HA Y - FEDAVBEEL T
DT ENRINT, PEo T, RET N,
fEE R DR E CREELI-ET L & 72
VEDZ LRSI,
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