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HYZRBRNT 22 22 0E L TAT 9 ARV, AR ZRIRRIER Z IRE T 5 7201213
INOOMERZHTLENRETHDL LEADND,

E2M S ABRKMILTET LV miPS-CSC D32

MIFIEEIT, BN R E N wRE/2 T Vil 2 BN 5 0 2o O
T BRI TR & T2 D LB R T,

ET VAR OBINLIE, SR A IR D &< = v F I D FrER e U NR BRI
FHE LT, Bz EEOMBI L VRS sEAD=>
FTEALTEY, 20N GEEA RS 7T Va2 T RDFITLY «?i/?fﬁlﬂﬂ’é

DHEFFLAED T TPEDIRE R SN TVND EBEZA DN TV D, U=
Ling Chen 1%, EFSBMRTH D~ v A N LEAEM ML (mouse 1nduced
pluripotent stem cell, miPSC) % 23 Aflfaic K vk s iz=» F ] HFiC
T, BABHIELR AMIIATFEE SN DD TIX WL PHRLZM 1- 1)[24]

miPS cells ‘ Malignant tumor

| \ cells niche ?
/ /Nonilal ni% \
Progenitor cells . ‘ . .
Hematopoietic Neural stem CSCs
cells cells \ \
4 L/ \
Differentiated ‘ ’ s’ % { \(L > *

cells

Microenviornment

Macrophage Neural Cardiac Pancreatic Cancer
monocytes cells cells B- cells cells

Figure. 1-1 The hypothesis of miPS differentiation when exposure to normal or
malignant niche. miPS cells should be induced to some kinds of progenitor cells, such
as hematopoietic cells and neural stem cells, differentiating into various phenotypes,
such as macrophage, monocytes, neural cells, cardiac cells and pancreatic - cells, when
exposed to the normal niche. We hypothesized that CSCs may also be derived from
miPS cells only when exposure to a malignant niche (Chen L et al. Plos ONE (2012)

[24]).



FHEIZHO L miPSC L, Kb~ — N —&fs T Nanog @ 5 FEFHFRAEIKIC
frta 2 v X7 E(GFP)&E 1 & O puromycin MBS F2MEA I LTV 5,
Z D7z, Nanog 3BT AR EIEZEHERF L T 2 8RR X RIREIC 2

b OB ZRBLT DREHE o> T 5 (X 1-2) [25],

Nanog

80 kb 125 kb
BAC

@ ES cells with
l modified BAC

Oct 3/4, Sox2,
Kif4 and c-Myc

e
g s e
Puromycin selection e
Nanog miPS cells

Figure. 1-2 Brief overview of miPSCs used in the tesis. Green fluorescent protein (GFP)
and puromycin registant genes have been inserted into the 5’ untranslated region of the

Nanog gene (Okita K et al. Nature (2007)[25]).

Chen t+:1%, Z @ miPSC % k& 7203 AHRRE D552 Ei% (conditioned media,
CM) B Ic N % 5 F TR AMIE= v F % in vitro TR L 7Rk IR R &
HTRICES, RHFMEET 2 HICL 0 2 AEBMINT T VAL O L 2 5l 7 72 (X
1-3), ZOREE, CM 2% 128548 L 72 miPSC TiX, ¥~V A~OBHEIT 9
& BHEEE CTh 5 teratoma OABEEL S 40D DTk L, CM 7L F CTH&E L7
miPSC(miPS-CSC) Clda CTHEMIES 2 k3 2 28 Asd Atk OMHE %27~ L=
(F 1, X 1-4)[24], BHFFERITZ O AT OMEE % oMk &
miPS-CSC &4 ffiF 7z,

miPS cells N ) miPS-CSCcm cells
Conditioned medium
l 4 weeks l 4 weeks

from cancer cell

or ‘, =
o Co-culture with cancer £ ©
cells

Figure. 1-3 A schematic drawing of experiments for induction of miPS-CSCs. miPS
cells were cultured without feeder cells in a mixture of miPS medium and conditioned
medium of the mouse cancer cell lines for 4 weeks (Chen L et al. Plos ONE (2012)

[24]).



M Tumor formation | Histologic examination

miPS-feeder+ 3/3 Teratoma

miPS-feeder- 3/3 Teratoma

miPS-LLCcm 8/8 Malignant tumor, angiogensis
miPS-P19cm 5/5 Malignant tumor
miPS-B16cm 2/3 Malignant tumor
miPS-MC.E12cm  3/3 Malignant tumor

LLC: mouse lung cancer cell line.

P19: mouse embryonic carcinoma cell line

B16: mouse melanoma cell line

MC.E12: mouse breast cancer cell line.

cm: miPS were cultured in mouse cancer cell line conditioned medium

co: miPS were with C treated cancer cell line.

Table. 1 Summary of tumorigenicity of miPS-CSCs. All of the miPS-CSCs could
generate malignant tumor but not teratoma (Chen L et al. Plos ONE (2012) [24]).

Figure. 1-4 miPS-CSCs treated with conditioned medium from various cancer cells
were injected in nude mice via s.c. route. 4 weeks after injection, generated tumors were
stained (HE: Chen L et al. Plos ONE (2012) [24]).

miPS-CSC [3HEET 1 v ¥ 2 T TE ORIz HERF L 72 IRIE TR
ARETH o7z, & HIZ, miPS-CSC I3JEHDOHUNREEIZ X 0 555 S 7o ik
ThoHH, BIETFHAZITo2GE LB L T, L BRRBAEMIZEL TR
RIS TV B 2R T 2 L I s b [26], £720 vz CM OFEEIC
L0, ERDERE - HEEZRT miPS-CSC AFFa SN D72, 5 Asliid DRk
fbaAT o 7o fl & b9 2 L [27] K 0 fEIC kR~ 2o o0 23 A laik 2 /5
LHENHRD &) BARHINE T Vil & L TARRE#EZ AL T\ D,



%5 38 miPS-LLCcm HRIEE DREE

AL T, miPS-CSC O—->Td % miPS-LLCem Mk 4 73 e € 7
VR E LT, #2417 > T b, miPS-LLCem (%, /LA AJifids A (Lewis
Lung Carcinoma, LLO#fifa®> CM % W\ TiFE S #1172 miPS-CSC Th V|, «
U RNZRAE LT BRI TR R E DS FE R I T58 ) 7o B 8 i AR & 5| =
2T Vo RbEEEOESWERELZ R T TH 5 (X 1-5)[24], =51,
in vitro TEFER AT 9 &, WIZ—EDHIG T GFP 258l L 72\ b L7 filfude
MEAET D, ZOFND, HBET v a2 I AL Z MR 5 8REE
BB SN TWD EEZHRD(X 1-6),

Ay s

Figure. 1-5 HE staining (left) and IHC staining (CD31, right) of the tumor tissue
derived from miPS-LLCcm cells. HE staining showed hypervascularization indicative
of angiogenesis (left). The positive of CD31 (Rat monoclonal antibody, brown) by IHC

staining showed multiple vascular vessels in the tumor (right). Scale bar 100 um (Chen
L et al. Plos ONE (2012) [24]).

Events

10"

GFP

Figure. 1-6 miPS-LLCcm cells were cultured under the adherent condition, (left,
middle) the miPS-LLCcm culture consist of GFP-positive cells with stem-like
morphology and GFP-negative differentiated cells (scale bar 100 mm). (right) The
populations of GFP-positive cells were measured by flow cytometry.



BAE = FIT X DB OBREHER

2 i Tl A2 L 0T, BRI, = v FEARAL TV D JE B O ML )
DERA IRV TN EZ TR D Z I X D, TOMEELZMERF L TWH (X 1-7), 7
AR [FIERIZ . IE O = » F (R AEHIIR= >~ )N LV = ORREHERF M T
NTNDLHEEXLINTWVA[28-30], ZNFETOHREICLY, VY UVAT T A F—
~ (B3 )iE; glioblastoma, GBM) Dl i L XU o & N E Al L v & 7 F v
S THLY | Notch 3 7 /LR B OTEMEAL 2 L T H CAEREEOHMERF 21T > T
HEINRENTND[3L, 32, - T, MEWNEAIEIEN A= FDOEHE
IHEREZED—DOThbH EEXLND, I BT, ITFOWIIZL D . GBM &
FLEF B & 25 M N AR b T 2 8RE 2 A L Tl b . BB EFAEICH
HLTWAENREINTZ(X 1-8)[33-35], ZDHFEMNDL, FH LN A ML &
Dot LA U & N ERIIE 2 & T FFRf a3, NABMIE= v F D
eSS & U TR A O EEHEFRFICH S L CWA DO TlEARn et PR L,

stem cell niche
=

/ f | Stem cell

K 2
. - Niche cell
cell-cell interaction | -
/l r ‘ secreted factor(s) |

Figure. 1-7 Brief overview of the stem cell niche. The stem cell niche is a
microenvironment where stem cells reside. It is composed of neighboring supportive
niche cells. Stem cells receive signals for their self-renewal and differentiation from
niche cells by cell-cell interaction and soluble factors secreted from niche cells.

Self-renewa | Self-renewal |

‘ Notch signaling

Glioblastoma stem-like cells Vascular endothelial progenitors

Stem cell marker(CD133) Stem cell marker
Notch receptor VEGFR2 / VE-cadherin

Vascular endothelial cells
(derived from glioblastoma stem-like cell)

VEGFR2 / VE-cadherin
Vascular endothelial marker(CD31, CD105 etc.)



Figure. 1-8 Brief overview of vascular endothelial differentiation of Glioblastoma
stem-like cells (Rong Wang et al. nature(2010)[33-35]).
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BITE, DAL A IRIFAR & L7oiFoRIE, 23 AURpiie 2 R SR & 9
B EEARRICT DR~ — I — OBEREL, DA OMBKIEZRET S
e DIZH N2 7 IBIEREE I OV TARRI DRESR 70 & S ABHIIE % B 2D
A=l hELTEbORERTHD, L, @I Z 727200 AFIIE
otz 51 &k 2 LS AR & 72 2 BIR DG STV 5 F7e En[36], 2
AR 2 B0 & < BUNBRERE & 120 SRR BRAR TR 722 1 AU SR TR A D B RS 13
WEECHDLENREINTND, & ZAN, DA OIA « MRS
WTIERTEAHZ SN L < RRZHN AL Y 50k L TAE Uz 7 6afila & 23
ABERIIE = » F O BHRIEIC O W TITIT & A EFRT M T O TR WO N BLIR T
H5b,

Z 2 CARMFFE T, 2N AEHIIRE miPS-LLCem Z AT ctg & L, 25 A
L0 TA U e TR o 23 Al = » F OMERE SR & L C o E E M2 fif
Bre dl2 2 2HME LT,

o AESTOMER

ARFS0E, 5 EICI VRSN TEY, 1 ETIIAMNEOE R L OEK
IZOWTHELIR LTV 5,

2 =TI, AAEMIIEE miPS-LLCem 2O\ T, IT4E, 28 Al o kRe
D—2 L L THE SN MENZ~DEREIZ DWW CREM R BT 21T > T b,
75 3 ® Cld, miPS-LLCem O L 0 70k U TAZH S 72 A
DLyWT HIRT-ON AR = v F~D% 5% BNABRMBOMIEDO —>Th
% HOBEMEE~G 2 2 BB 2 F CRHMEL TV 5,

94T, DA T DN A= v F~Da 5%, 25 Al
DIERE R O D FIEIC 5- 2 2 508 % | 5 2 3 Cfifgad L 72 & NEE~D 5y
bR fRIE L L. T 2 F TRl L TV 5,

KBICESETIE, FEICBVWTELNIEREELR, B L, ARXok
WL LTS,



% 2% miPS-LLCcm HARER D L& PN EZ Jlia~oD
AL REREAT

B1E 55

PSR T, ERARR & B b | WA e M A K L TV B,
D=, FEIEHENEIIIRECE DS LTIRETH 0 | i RiRH %
B MAET DI 2 R T D IS MAE F AR X, EEIERICB W TEERBG O
— D Th b, MEEMAELHTE M 2RI EE 72 1A N EEERE - (VEGE) S,
FAEMEBRDOMIESN~ N v 7 RN TH~ N vy I AXZarar 7 —
B MMP) D53 % 1T > TV D FITIA L S TR Y [37-42], BEFOBEEIZH W
TIHEBMEFEL IXIINLORWMAFICL > TOAFZEIENDILEDOTH
HEZZLNTETZ, L L EFOREICE YD . GBM O AW REREER 725
M N R Ak U, B2 & 8 AR s 2 H3E 3 22 A3 2 FH
D& 72 572[33-35], MBI AE AL, xR EERRIC BV TRz A b
NHBLTHDLIEND, MENEHIE~DLEE S 28 A IR A9 i
STWAHKEETH D RN RIE S D, Fio, MAEWEMIRIZIIN Asriiia
MO HCERREZ BT DMEEN D D . NARMI= v T OEE /R ERER
D—2>THDHETHHELHDHEND[31, 32], Z OBEBEITA AHINE & A Asil
Ja=> FOBRMEEZET 5 ECEERZY—F Y hO—D2>Thb L THREIND,

miPS-CSC ®—>Td % miPS-LLCem 1%, ~ 7 A TBAE L 7= BRI IR /) 70 B
mEFEr25 &2 Z4F25, miPS-LLCem & L& N~ LEEEZ A L
TWAREEMERE 2 HILD,

ZF ZTAE T, AAEMIEE miPS-LLCem 234301C & 0 BERER 72 L& PN e
e 2 PEAET D RESI NN D 3% in vitro [ZB W TEEMICIT T 24 HIGE L,
I Y

B28H ERFIE
- HRa R
miPS-LLCem#fifiZ, DMEM+15% 7 < JE R % (FBS), 0.1mM FEXET

JB(NEAA), 2mM L-7 /v % 2 >, 0.1mM 2- A /v 7 b= % 7 —,, 50U/mL
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penicillin, 50U/mL streptomycin & A Bz A CHERFRS R 21T o 72, DS AR
AR R R DIRAE 21T 5 BRICIE, #&KIEE lpg/mL & 72 % X 9 IZpuromycin
INZ T-EEHC7 A B L, FEHRINAZ T o 7o, AR P ORF A #1 L 24 FF[H
JAHTIT o 72,

- 7a—H%A A NU—fET
miPS-LLCcm #fd% 5mM EDTA(pH 8.0) % W CHIEE, FUL L, Fitd—
RPUR, ZIRPURTYA LT o7z, £ D%, FACS Calibur 7 @ —H A h A —%
—Z AT T7a—Y% A N N —ffT 2T o7,
« —IRPUR
phycoerythrin (PE) labeled anti-VEGFR2 rat IgG (1:200; Becton
Dickinson)
anti-VE-cadherin (VE-cad) rat IgG (1:100; Becton Dickinson)
- ZRPUE
PE labeled anti-rat IgG goat IgG (1:200; Abcam)

* real-time PCR
miPS-LLCcem #fn3 X O miPSC L Y. total RNA % RNeasy Mini

Kit(QIAGEN) % 72 1% TRIzol(invitrogen) % H\  CEIUY L, SuperScript IT
Reverse Transcriptase kit(QIAGEN) % H\\ Tz 5 2470, ¢cDNA Z/Ef L
72. Real-time PCR |3 Genbenk &ZfEELS|T — & ~X— & 1 Y HFifF L 7= mRNA E
BT — 2% PICREF LT Tl 7 74 ~— 2 HW\W T T->7-, PCR EWY D EIFE
%1% SYBR Green IT (2 T{T\, #HiIE Lightcycler480 System II (Roche
Applied Science) % H\\TIiTo72, WHHEHEEE 713X GAPDH Z{# 4 L7=,

T5147—4%4 RefSeq ID BL 51
VEGFRZ Forward NM_010612.2 5"-TAG CTG TCG CTC TGT GGT TCT G-3~
VEGFRZ Reverse NM_010612.2 5"-GTC TTT CTG TGT GCT GAG CTT GG-3°
VE-cad Forward NM_009868.4 5"-CGC ACC AGG TAT TGA ACG CAT C-3°
VE-cad Reverse NM_009868.4 5"-GGC ATC TTG TGT TTC CAC GAC G-3~
GAPDH Forward NM_001289726.1 5 -AAC GGC ACA GTC AAG GCC GA-3~
GAPDH Reverse NM_001289726.1 5 -ACC CGT TTG GCT CCA CCC TT-3"

* in vitro tube formation assay
96-well 7L — MZ 1well 729 50ul ® Matrigel (Becton Dickinson) % ¥
mL., 87C 30 431 »F =2X— F &7\, b E7, £D%, miPS-LLCem

11



AlEZ 0.05% b Y 7Tz L0 FEEL . EGM-2 H5Hi(Takara) ® L < iX EGM-2
B XV VEGF Z R\ 7RI L, 711k L7z Matrigel 112 5X 104
cells/well T#EfE L7z, 37C, 5%C02 T 24 Bl A > F2_X— kL., k&=
tube KEA# & 2 BN BESE T O # L A Z (IX-80, Olympus) & W THgse L 7=,

- SR HOE Y
A A=V T HF v 3 —(Nunc) | HiTHE & [FAf O F% T Matrigel # 2— ~ L,
Z ® £ miPS-LLCem #ifit 2 #5FE L 72, 24 W§fi] A > F 2 X— h L72&, 4%/%
FHRNLT VT e FTHMIEZEEL, 78y % 78R %Y g7 v
LVBSAERY VEBEEAPREAKPBS)) EINZ, T ayF S UBE{T 5T,
Z D%, TRrO—RIUARB X O IREUE TYAZITV,
4' 6-diamidino-2-phenylindole (DAPI) & 4 Vectashield ¥ A#l(Vector) & FH VT
HAL., B EET o Z v A Z(IX-80, Olympus) B L OHLE S L —H— =2
X v VPSR S AT A(LSM510META, Carl Zeiss) Z F\WNCTHREMT 24T - 7=,
/S TIN
rat anti-CD31 primary antibody (Santa Cruz)
- ZIRBUE
Texas Red conjugated goat anti-rat IgG secondary antibody (Life
Technologies)

% 3 i miPS-LLCcm HiE D M & N K ~D (L EEAEMT

ME N AL, VEGF OB IRTH VO HFIEEEICEE 5725 VEGFR2 <0, i
faf#EE & UTER L. & REEDOHERFIZB 53 % VE-cadherin (VE-cad)
R EDNEL R B EFRBL TOWAENRMOILTWND, ETHIDIC,
miPS-LLCem i@ W T IO DIMENE~—I — BB BB L TV D0
% real-time PCR IZ L D #ERR L7z, £ DRGSR, #fgfEH % puromycin (2 XV
BAE L2 7L TlE, gt & 72572 miPSC & RIFE D@L HIL TH - T-DIC
%f L. bt A TR 2 & Tt > 7L Tld miPSC @ 20~30 5 OiEfs 1
FHHNRLOLNTZ(X 2-1), ZORERND, EfifafER L v /(b L TA Uiz iifiags
DI IE N ERRIE AN S F AL T D RIREME DS /RIE S 1Tz,
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330 - S
s 3 % M miPS-LLCcm
£ 2 g 15 - M miPS-LLCcm (Puro)
s E 1o- miPS (+LIF ~MEF)
§ 10 - § el
14 ['4
0 0 - —

VEGFR2 VE-cadherin

Figure. 2-1 The expression levels of VEGFR2 and VE-cadherin were quantified by
real-time RT-PCR. Values were normalized against GAPDH mRNA quantity. The level
of each gene in miPS cells was set as one.

S HITFELWRNT 21T 5 729, miPS-LLCem #ifi % 5t VEGFR2 HiikE L Ot
VE-cad fiACTYtE L, 7a—H A b A MU —fEiT 21T 72(X 2-2), ZD%LA

IZBWTH, ZNHOMENK~—I— %2383 5N % MR 3 5 F05

k7o, LLEOFERD G, miPS-LLCem #ifaIX, Z3EIC & 0 /& N AR O HEfuE
MZz2ELH L TWAEHEN RSN,

, anti-VEGFR2 anti-VE-cad
N 1.32+0.16% /0.79£0.20%
o ®
¥ 028+0.09% S 0.431+0.10%
g + —————e - > -

GFP

Figure. 2-2 The population of VEGFR2- and VE-cadherin positive cells in miPS-LLC
cm cells cultured under the adherent condition without LIF and puromycin were
quantified by flow cytometry.

# 4 i miPS-LLCem ffA> 5 KIC & W 4 U772 & N IC X 5 IS
&R

2. miPS-LLCem #a L 0 254k U TA U 7= A& N R BERI A S BE e A 7 1 &
KRS 2 e R H Sl 2 D32 84T U 7=, in vitro CIILE N A O EE 2 3144 5 =
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EE L Tmb— MR bDIX, ~ MU 7%z in vitro tube formation
assay CThH D, ¥ MU ZFUiTa] M FEER R I L Dk STl Ffk s
BRI 2T 5 & BRERI 22 E N EIAE 23 & £ TV, NS
TIRTTHNZ B ERRAEIE SRR S D (K 2-3),

Matrigel seed ceIIs onto Matrigel

37 °C. 30min 24hr
gelatlnlzatlon \ 37 Clncubate

tube- I|ke structure

Figure. 2-3 A schematic drawing of in vitro tube formation assay.

IHEFIH LT, miPS-LLCem fifinz~ ~ U 70 BICHEEFE L, £ 7B e
Z 12, miPS-LLCem A K 0 A4 U 7= i 8 N B AR 2SS RER) T & 5 D& fifAT

L7=(X 2-4),
Complete medium -VEGF

.( R /4 > _Jy
X ?,/ - & lv/.
vl AL X

!

il
LR

Complete medium
3 a‘!

culture

Adhesion
L

=
S 5 & "o
== -G,
£ ©° ¢ -w Y 5
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3 g = X oA
o .
“500£m

Figure. 2-4 miPS-CSCs were seeded onto BD Matrigel™ and evaluated the ability of
vascular-like tube formation in the presence or absence of VEGF (upper panel). The
stem cell-enriched population selected by puromycin could not form the tubular
structure in vitro (lower panel) (scale bar 500 pm).

puromycin (2 £ YV #HIIREE R & 4G L7254 T C ‘i”‘@ﬂ i 3CARY AT AR T AWAS
Do TeDITHRE U, IRHE AT 72 WS T CIL E 72 & PR S O TE RS L B 1
Too HE- T, Z OEMERRREE L, AR X 0 b U T4 U2 i N A
JAZ L VR ENTZHDOTH D B2 HD, HRENZ 22, 2 OFVEREE
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EAHEIL, ME B/ EDOFEICEHERRE - Th D VEGF Z M 2N TICk
WTHEER RN oT-, ZDOFEHNDS, miPS-LLCem 1 H & Tt L7z
VEGF IC L v EH EEFI &I L TWDafREEARIB SN D,

S HIT, RSN E SN MEEE Ch 2 F LR T 2720, WK
A~ ——Td 2% CD3L KT HPUEZ VN, BRGSO R i Yo%
1To70, EVERRREIE DO RKERSIZ CD31 BHtEflan o0 s, Z OE R
& XA S TH 5 Z LR an=(X 2-5),

Fo, ARSI, Yoo x— X TCD31Y/GFP+(i%) | [CD31Y/GFP(GR)J
[CD31/GFP+(k%)] &\ o b7e< &b 3FRIED 72 2 AIRENIC L v #rk S h
TWHENSND, ZOFEEIT, miPS-LLCem #2483 ffE oM 201k L
BHLMMEEEA L CVWAHERTHOTH D,

PLEDOFER LY miPS-LLCem OB IL, HEEERY 72 M N R EGHIAIZ
LT DHREE AT D FE T Z LK,

Figure. 2-5 Immunofluorescence staining was performed using anti-CD31 antibody
(red) in tubular structure derived from miPS-LLCcm cells. Nuclei were counterstained
with DAPI (blue). A typical image captured by confocal microscopy is presented (right,
scale bar 100 pm).(F:[FEI#MFFE Ting Yan KT L 2% 526R)
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Rk & TR FEERFEZ O CEEMZR T 21T LA R OB iR 215 2 TN sk 7=,

1. miPS-LLCem AL, 25fbiz L v M fE N R kE o fIREE R 2 A8 7 H 4 e
ﬁ‘j‘éo

2. MBI &0 A U i A BARMIIIE, MR D E RG22 RS 2 903 K
HIRRERY LA TH 5,

3. miPS-LLCcem Mifiid, BEEFBOMILIZ L LGS Z 0 kiez A7 5,
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5 3F DN AIRSIWINFIC X D0 il o B &
L RE il 40

B1E 55

F1ETHRZ L D12, DA A= TICL D, BEOHER:
RIED T AEDRTEN /2 T TND EB 2 HILTWAH[28-30], IEHFDOWFSEIC
L0 MERNEMES Z 0N A=y FOBRERERERO—D>THHZ
EDRINTW A3, 32], 1N ZHIIEIE, AR H CAEREDHEREZ
B 5352 7T NVGERED—>Tod 5 Notch &7 F/vd Y 77 NEHlaZR
IZRELL TRV | MlafsEatic L v N ASMIaER OB CEIEE 2 R 5 [32],
Fo, MENBIE X Y 5 SV IRMER - 03M S0 o 7 F VR &2 LT
MAEIRO B CEREAZ R T2 F L HAL T[], LarL, Zivb o
FHITIEFE R MENEHRE NS HETHLNHERLTH Y . DALY 45
L U7 HRARaAs . RBRIC DS A = » F O E SR & L THEREL TV D M
2DV TR S AL TV 7220,

2 TARETIE, miPS-LLCem #ifid L v 73k L TH Lfdb:/u-fmﬂ’?%lﬁ:
AR = > F O E R L L CTOEEELZ, NABRMIEO B CEREEICE

LEEZHER L, M AFE AL HE LTHIREEIT 572,

%28 ERFIE

- CM D)UY

miPS-LLCcem #ifd % puromycin /77E F b L < IZFEAFE F T 80% =2 7 /L=
Vv MT7p b £ TEEE L, B5Hi A Insulin-Transferrin-Selenium-X (ITS-X, Life
Technologies, %k sphere formation TH 2 MY 7Y 2 > R & RN
U7c M ygEs I & S Ha x 7o, 20 FEf A > F a2 X— K L72&IZ CM Z[EL L,
0.45pum 7 4 VX —H W T 7 4V b —Ta U ETH T,

CM |2 & £ 415 microvesicle/exosome 5 D 5% T T 5720, B L
72 CM % Himac CP70MX iz [M#(Hitachi) 2 FH VT 100,000 x g, 4°C, 16 FF
i &2 TV, B Z B3 5 95 C microvesicle/exosome 7y DFRE 1T - 77,
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+ sphere formation assay
miPS-LLCcm #Hifld % single cell & 72 54k1Z 0.05% KV 7> > TRLBE L |
ITS-X % U U 7= 1 jE 55 H 12 5x104 cells/mL & 72 HERIZIERE L. @BIKEESE 7
L — M (Thermo Fisher) FIZ#HE L7-, 553 4 A BIZEAK X372 sphere O
F ORI 2R E U, 217 > 72,

CM 77 sphere FERHEIC 5 2 5 5B 2 M9 %5 72, puromycin FEAF(E T Th:
# L 72 miPS-LLCem i CM (CM-ad). puromycin f£F F T L 7=
miPS-LLCcm @ CM (CM-sp), F7-1% CM-ad & ¥ microvesicle/exosome [/}
ZhrE L7t O(CM-ad —mv/ex) & Z L2411 1:1 OFIE THRIM L7254 FCTH[H
FEDFEBRZITV, e S L7z sphere Of#MT 21T > 7=,

S B2, CMIZ & D spherelZ i EEDHETRIZ Notch s 7 VDB 5 L T\ 4 0%
fENTT 7=, #CM%Z NN 2 72512 & 512 Notch T 7 F /L DR FHE AT &
% N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester
(DAPT,Sigma-Aldrich) & #&¥2 5,10, % L <1320uM & 72 5 K oz, [FAERICIE
% & #u7zsphere DFFNT 21T > 7=,

+ siRNA transfection
miPS-LLCcm #fifd % 60mm dish (Z#%fE L, Flexitube siRNA premix (mouse
Notch1) % 721% control siRNA(QIAGEN) % #&IR FE 40nM & 72 DRI %, 24 FF
M L, £ 0%, #iuA single cell & 7254612 0.06% bV 7’ > THRLER L |
#BIKR:%E 7 L — b (Thermo Fisher) 112 CM-ad % 1:1 OFEIE& TN L7548
THEME L7-, 5% 4 H BIZER S 7= sphere D8 L ONES R 2 HIE L, f#
WradT -7z,

- TCAILIRIZ XD CM &H ¥ 2 /37 EH O

CM-ad., CM-sp. X O*CM-ad —-mviex #~A 7 0 F 2—7|ZRUL L, KH L
72 TCA%ZMAxTe, F2—7% 4C 1557 L, 13,000 rpm, 4°C, 15 Fyizl»
THECTH NI EERNEISET, FIEERELTHK, ~by M 4CITkm L
72 5%TCA &EAHT7 & b CHEE L. 13,000 rpm, 4°C. 15 55mDLaE TV, 2
Ly MRS, mERIICELNZXL Y &2 SDS Vv 7Ry 7 7 —I|C
FSREL, VA&7 ay MECHWE,

Uz AX T 0y MME

Sphere formation assay D4 5112 TR X417 sphere Deell lysate 2 4%
CMER & /X7 EETCALEIZ XV IRME LIc s 7 v i Eiaifd L,
10% FE721X7.5% AV 727 VT I R VERWTSDS-PAGEZ{To 72, KB
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T, Z7EEPVDFA 75 L O0IHEE L, TRt —REUE R Ok Euk
THEEGR L=, £Dtk. A7 7 %ECLplus (GE healthcare) CALEE L, Light
Capture IT (ATTO) Z H\W\CTIL 25> 7 v Ot 217> 72,

« —IRPUR
Rabbit anti-Notch intracellular domain 1 (NICD1) antibody(1:500, Abcam)
Rabbit anti-B actin antibody(1:1000, Cell signaling)
Rabbit anti-DLL1 antibody(1:200, Santa cruz)
Rabbit anti-DLL4 antibody(1:500, Abcam)
Rabbit anti-jagged1 antibody(1:500, Abcam)
Rabbit anti-jagged2 antibody(1:200, Santa cruz)

- ZRPUE

Horseradish peroxidase(HRP)-labeled goat anti rabbit IgG antibody
(1:2000-5000, Cell signaling)

LY —2—|Z LD GFPY/GFP f L 45 B
miPS-LLCcm #ifi % 5mM EDTA(pH 8.0) & VT HIfE, [AUX L, FACSAria
+ /1 —#% —(Becton Dickinson) % VT GFP/GFP L 2 458 L 7-.

- real-time PCR
I E RO TETYH v L & LT 7794 ~—ty b &
AW BT RBUENT 217> 12,

T4 —4% RefSeq ID 23
DLL 7 Forward NM_007865.3 5°-AAC CAT GAA CAA CCT AGC CAA TT-3~
DLL 7 Reverse NM_007865.3 5°-CAT GGT CCC CGT GAA AGT C-3~
DLL3 Forward NM_007866.2 5°-GTG AAA CCT CTG GCT CCT TTG AAT G-3~
DLL 3 Reverse NM_007866.2 5°-AAC CAG GTG GGC AAT GAC AGA C-3~
DLL4 Forward NM_019454.3 5°~GCA CCA ACT CCT TCG TCG TC-3~
DLL4 Reverse NM_019454.3 5°-GTT TCC TGG CGA AGT CTC TG-3~
Jagged1 Forward NM_013822.5 5"-GAT GCA AAT GAG TGC GAG GCC AAA C-3~
Jagged] Reverse | NM_013822.5 5°~CCA TTA ACC AAA TCC CGA CAG GAG G-3~
Jagged? Forward NM_010588.2 5°~GAC AAT GAC ACC ACT CCA GAT GAG G-3~
Jageged? Reverse NM_010588.2 5°-GTT GCA GGT GGC ACT GTA GTA GTT C-3°~
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5 38 M AMR R TFIZ X DR ARMEO B CEREE DR

RIS Cak 7= K 912, &N RARIZ WA -2 K 0 B ABMo B E R
BEEIEMALT 2FERMON TS, /2, F1E T2 XL 912, miPS-CSC
(I3 KRR D A3 WARF1Z L0 8 vkl & L CoBgREZ M3 L T 5 [24], T
HOFERELY | ST X0 A U7 i N AR 2 2 T 23 AMIRRLE R 0 43 WAkl
T3, BDAEHIEO B CEREEOHERFICM O OREE 52X T D HENR TS
b, & TAMETIE, BAMBER DK FIZEH L, ZID30 A
fad B CEIERIC B 2 2B Z T T 55 T, BAMION Vil = v F o
MERCESR & L COEEMEZFHMI T 25251 Lo,

HOEREE~DOREZTRDIH20 | pflfarEOFMEE L LTI H
VW5 AL TV % sphere formation assay Z V7, ES flifa-C00 ARRAIAR R & Owg
MR 2 A S, FEX R O MIEREEY 7Y A N Z2EIN L 72 HE i
1EEE T single cell DIRFE TR L, KA 7L — N LICET D &, BH—0
A6 BRI LV ERROa e =—0NERIN5, BERIh/l-ao=—p
B LOEIRIR Z T 2 5 CH OBERBEOFAM AT 9 2 & 23k 5 (43, 44],
LT, RT vEAEICBT RS, 2BIc X0 A U AMiatEH %
&7 miPS-LLCem i X v [A14Y L 7= CM (puromycin FE1FE F CHEERE# 21T
STEREET 4 v v 2 LV EIL, CM-ad), 3 &0 miPS-LLCem D73 A#HlfatE
X VAL L7z CM (puromycin f71F F CHEERZE 2T I8BT4 v =2 XD
[, CM-sp) 2Nz, B S5 sphere DI L OKIR~D B A fifHT4 5
T, RMERTO B CEREICE 2 D BRI D 2R T,

- CM-ad CM-sp - CM-ad CM-sp
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Figure. 3-1 Spheroid formations of miPS-LLCcm cells were induced in the suspension
culture with the conditioned medium of miPS-LLCcm cells in adherent culture (CM-ad)
or the conditioned medium of puromycin treated-miPS-LLCcm cells (CM-sp).
miPS-LLCcm cells were seeded on non-coated dish and grown in serum-free culture
medium with/without CM-ad or CM-sp. The number and the size of spheroids were
measured at day4. Data are the results of three independent experiments. Bars indicates
SD (*P < 0.05; **P < 0.01, Student t-test).
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CM-ad, CM-sp N2 7250 FCld, CM ZINx 7aWGef & b L <4t
sphere B, RO RN R 5Tz, L/U:O)n‘t%ﬁ SN 75%@?%55@1‘3@%.75)
WA RIS L0 A CTe DS AURIBEE R 72> & O 53R D5 & b3 H
a@%%m%ﬁ@%%ﬁ#%%ﬁ%émtoit\:@%ﬁ@%uCMﬁdf;
DEm<, £72, K2-1 £V, puromycin FELFE T TH#E L72BRIZobIZ X 0 A&
Lﬁrfﬁﬂﬂ@%.@‘ﬁ@é*l L6 EFIHZRTHLEND, EIZHIZEVAETERN
ARARRLE R 2> & D 3SR - 23 08 Avkieliid 0 B CAERIRRIC B A 5 2 TV D FEN
%@éh&!&no

A BAMRSWEFIZ X 3 Notch & 7 DiEtEAL

WIT, ZOWEBNRENED L T FNMEERBEEZ N L THIEHL STV DI E
NI B FAE AT, DABMEO B CEMEOHFFICES T2 3T
T FIARIER B IZFIZ Notch, Wnt, Hedgehog 7 E 72320 & 31 5 23 [43-50].,
RTET Tl 7= K 512, M NEAIREIC X 2 23 Adiiino B CAEREE OB R
Notch > 7"} /v %9 L“C%é%f} O, A PN R 2 T s AKERREE R 25 5 |
i ZTARBGIZEHB VT, Notch 7 Lo 5ERTHEIND,

% Z T, Notch ¥ 7 F /MW TEHERMB) & 2 £ y-secretase ZHER) & 5
Notch #FEAIBHLEAITH 5 DAPT = HW\W T, CM 2 Xk % B CEMEEHER R &
Notch ¥ 7 /v D&M % sphere formation assay (2 & 0 fi#hT L 7= (X 3-2, 3-3),
ZCO)F% DAPT | CM-ad (2 X % sphere & akEL D #5850 2 Y FEAR TR D

BrEICHNEI L, SERARIZ DWW T S O 02T 2 53R & 5 05 i é
i’bﬁo ZHUCK L. CM-sp 28T DAPT (2 & % sphere fEZAGPHERN 1%
SN0 T,
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Figure. 3-2 The spheroids formation of miPSLLCcm cells treated with CM-ad (blue) or
CM-sp (red) was assessed in the presence of a y-secretase inhibitor, DAPT, at indicated
concentrations. Data are the results of three independent experiments. Bars indicates SD
(*P < 0.05; **P < 0.01, Student t-test).

CM-ad
+ DAPT

Figure. 3-3 Images of typical spheroids formed under various conditions are shown
(scale bar 150 pm).
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miPS-LLCem MR £ER 0 B S ERLREHE R I 1) 5 Notch & 7 F /L D B
HAaFIZFE LT T D729, %7 Notch ZRKTH % Notchl @ siRNA (2
X5 v X7 %1T->7=, Notchl 5% siRNA (X DAPT & [R5 O sphere
TERBLEZN R 2~ L, ®IZ Notch o 7 F /WIEHAL OFEIE & 72 % Nocth 1 @A
K % 4 > (Notch intracellular domain ,NICD1)DEfE4 v = A X 7 1 v ME
(2 X O ARAT L7oRERIC BV T  DAPT MR 21T - 72354 & [FIFRIC NICD1 &7
DORAERHER I NT-(K 3-4, 3-5),

PLEDOFERI G 03 AKERRAE FH H 2 D 23 AR 713556 43 IIZ Noteh 27 /1D
IEHALZ I L TR AR B CEREEOHEZT > TV A ERH LN/ S
Too ZTHUTH L. SRR HROWA T2 K 5 B CEREOHEMIL, tho
VT FIRIERE 2T L TAT LT D ATREMEAS R S 472,
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Figure. 3-4 miPS-LLCcm cells were treated with siRNA for Notchl or control sSiRNA
for 24 hr. Then cells were seeded on non-coated dish and grown in serum-free culture
medium with CM-ad. The number and the size of spheroids were measured at day4
(*p<0.05; **p<0.01, Student’s t-test). Data are the results of three independent
experiments. Bars indicate SD.
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Figure. 3-5 The activation of Notch signaling in the spheroids and adherent cells were
evaluated by the detection of Notch intracellular domains, NICD.

% 581 Notch ¥ 7 F iEHE(LIZEE 53 2 R+ DR

ATET ORGSR B D AMBLH RO WEFIZ L0 . S AR @ Notch
T FNADIEMAENEIEE SN TWDLERHALN L2572, UL, Notch
Uy RIT@HERS "7 ETh Y | &M Z 5] & 8 23772 O 12 T30 A e fid
ME L2 D, - T, BAMRRIEL, AKX /7 ETh %1L79 D Notch U
T REMOENDOETHWMLTWDS ETREINS, 4F, FEFITZORREMEL
LC, W/ ToH D exosome IZF H L7-, exosome [, = KV —ALHED
40~100nm FifE DWW/ NETH D | 53 DR OFRFONRE S X7 B agie 2
Y37 B, JEHE. DNA, miRNA Z&¢e RNA 22 ENGEEN TV SH(X 3-6),
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Figure. 3-6 Brief overview of exosomes. Exosomes are 40-100-nm diameter membrane
vesicles of endocytic origin that are released by most cell type, presumably as a vehicle
for cell-free intercellular communication. Exosomes contain various molecular
constituents of their cell of origin, including proteins, lipids, DNAs, and RNAs.

FKERIZ, T, BDAMBED 73 W7 % exosome 12 Notch U > RGN TEH
0. e EZ T MO Noteh > 7 F V2 IEMHAL LGS E W oo b7 S
TWAHENL[51], ABELIZBWTH exosome NS L TWA ATREMNE 2 5
5,

F T DI, miPS-LLCem fifaiZF5 155 Notch U > ROBB AT H7-
W, 'Y —Z—% T GFP+R ik EER & GFP-72 70k O A 72 il fel 52
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%538 L. real-time PCR |Z X 2 8= - RBUENT 21T 572, ZDOREE. /0bD
HEATSHIFAERNT IV T, Notechl OV L Z SIS ZFraEEDOH L Y o R
T& 5 DII1, DIll4. jaggedl. jagged2 DIEH & fEiR 9 2 FH Hk=(X 3-7),

VT, exosome @ H CAEBIEEDHETR IS K O Notch & 7 F /L DIEMEL~DFF
HaHR57-%, CM-ad LY exosome % & o\ INail| 7y & im0 ChrE LTz
Dz HEL L (CM-ad —-mv/ex), Z #1% H\ T sphere formation assay 17> 7=,
LorL, TREEK LT, UivhNaEy OFREILEH CEREOHRNEITITIT L
Ao EBERT DAPT IZ X ABHESR b O CM-ad & FIEkD /X% — 2 THS
h7=(x 3-8),
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Y RO EIT- T2, ZOfEH. CM-ad X CM-sp (28T, 584K DLL1
% O'DLL4AMW : 75 kDa) & Fris U Cor 1 &A1 & DLL1 & OV DLL4MW :
55kDa) i " 2 FHORZ(K 3-9), LirL7aedib, Zib Dl Notch
U 77> RiZ Noteh & 7 F /v OIEPEAGIZ A 5- L 72 CM-sp IZ & 35 L TEE L T
WAHZ END, DA RZMWE T2 X D Notch & 7 F /v OIEHALIZZ NG
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Figure. 3-7 The expression levels of Notch ligands (DII1, DII4, Jagl, and Jag2) in GFP*
and GFP" population of miPS-LLCcm cells sorted by cell sorter were quantified by
real-time RT-PCR. The level of each gene in miPSC was set as one. Data are the results
of three independent experiments. Bars indicate SD.
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Figure. 3-8 Exosomes/microvesicles did not contribute to the enhancement of spheroids
formation. The exosomes/microvesicles were removed from CM-ad by
ultracentrifugation, then the resultant CM was subjected to the spheroids formation
assay with or without 20uM DAPT (ex/mv: exosomes/microvesicles). Data are the
results of three independent experiments. Bars indicate SD.
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Figure. 3-9 Protein levels of Notch ligands in CM-ad or CM-ad—mv/ex were analyzed
by Western blot.
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Figure. 4-1 A schematic drawing of experiments for Fig. 4-2, 4-3.
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Figure. 4-2 miPS-LLCcm cells were cultured in the medium containing puromycin for 1
week to eliminate differentiated cells. Following a week, cells were cultured in
puromycin-free medium to allow differentiated cells to grow. This cycle was repeated
three times. The ability to differentiate into vascular endothelial cells at the end of each
cycle was evaluated by in vitro tube formation assay (scale bar 500 pm). (F&[RIF7EFE
Marta Prieto-Vila [XiZ X 2 325%)
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Figure. 4-3 The expression levels of VEGFR2 in indicated cells were quantified by
real-time RT-PCR. The ability of differentiation into endothelial cells was deprived.
Data are the results of three independent experiments. Bars indicate SD.

31 round
adhesion
culture

Figure. 4-4 After 3" round selection and differentiation, the resultant culture consisted
of GFP-positive cells with stem-like morphology and GFP-negative differentiated cells,
indicating the stem cells still possessed the differentiation capacity (scale bar 200 um).
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Figure. 4-5 Sphere-forming ability of conditioned medium from miPS-LLCcm cells
After third round selection (CM-3" ad) were analyzed by sphere formation assay
with/without 20 uM DAPT (*p<0.05; **p<0.01, Student’s t-test). Data are the results of
three independent experiments. Bars indicate SD.
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Spheroids were formed with CM-ad or CM-sp in the presence or absence of 20uM
DAPT. The spheroids were enzymatically dissociated and cultured under adherent
condition for 1 week to allow differentiated cells to grow. The potential of the spheroid
cells to differentiate into vascular endothelium grown under each condition were
assessed by flow cytometry.
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Figure. 4-7 Percentage of the GFP" cells under each condition in Fig. 4-6 were assessed
by flow cytometry.
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Figure. 4-8 In vitro tube formation assay were performed under each condition in Figure.
4-6.
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Figure. 5 Model of the CSC niche created by CSCs themselves.
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