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tdTomato-CS7BL/6= "2 2 D SHEIGOME [E] ATt Z 3481
1 ABEROARE N,

A: (% TRE(%. B:tdTomato-C57BL67 ) 2D HHBIGCM
BHE N FERBALB/c2 2 O THEMR. tdTomatod i
EBEGIMIER Y IER= -

Hs: MERFRTD AUCHEIF A ERING R B

SPCRFE/RSE 7V - I4 -l BIE.

tdTomato-CS7BL/6 7 2D REEFE FE BICS78L/6 7 RIZHHEL . eGFP-
C57BL6V I A RET/— T4 HllRE L - (FEMERE= a0y,
ABEBEECH BESFHEEIUBRETY - FHEERTFEHE. i
ERERRUBEY /-4 - RERAEE D RERBERUBET Y —
SIAFRSEEE, VIZBRBUEBE T - I 1. (x10HPF)
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JEA BRI FEHEEMNE (85 - RASORENBOEROERHAEE (SEERERIEST))
(g - o0fH) HregEE
(TBAT VYA PHIRRIZL 5 iPS HIBBHEBOREERIGEIE]
WELSHE RERA (RRKZEEFRORLENE B

WFFREE : %tEETH D Luciferase ZEHIICHKELT 5 BL6/J ~ 7 2 DBHESEMALE SR DR
{biPS Mifaz <~ VY AEHE FTICBET 25T VEER L, BET Y oA MIRSBE Iz iPS
HMBEOAEFIZEZDEER IVISIZE D24 A—V U 7ECIVREBHICBE LE, R, BCHLET
Vi A MEREERASEZEIZBNT, B IIME iPS MIBOEGFEREE I ND I & PR
ENdz, EBIT, DIE~BESNME iPS HIlEE S OFHINE S — M3 5 B ERRIG,
[18F]-DPA714-PET #E# AW TRIFIICFMETE 2 0ENERIE LTz, R, B I -ME iPS
PR SE LMY — MIXT2HEBRIGE Z O A A=V 0 7THER 2 AV CRIER D EE/ICEE
MHCTEDZ MR INT, Uk, ~URETFTAERANWT, BAT Y =A MEEORABEI N
% 1PS Mifaf R LML S — MBI B 2 5 B E L BH O A A — U v it & BEE U CHREE

D BT 2 RS LT

A BFEEBEH

BET VoA MAROREERDREZIFEL.

FE-FBEERICL > TRE CTOREER
BHRBIOTRE DEFEDREBERL. F
BT VA MlRBEIREREOEE A =X A
EHLMNIT D,

B mHEFIE
~ U ADEFLIPS HIIBOBHEE T VL EVER L.
IVIS & F CREHMI DI TE % B ERICEHME T
HEbbiz, BET Y VA MO FREFZEN
iPSHIBEDETFICE 2 2B LT M LT, T HIT,
~ U AD iPS fMEHE R OHMIE S — b OELER
H~DBHEE T V& ER L, IVIS IZ & 2 BiEHiia
DA E & HIZ[18F]-DPA714-PET % VW CHEME
EhinkwA A=V 7 Ui LT,

[1] Luciferase 33 iPS 4 B 3k 0 i WE i
DER L~ T RADBRE~DBE
BL6/J = U A fRAEIFM L 0 B S 7z iPS i
IZ virus vector % ) C Luciferase Ef=+ % EA
Lo ZTNEUTOHERT T ha—L&2HANT,
DR~ b, (B 1)
Z 0 iPS MR LMD b u AR = T RHR
1% 90.6% Toh o7,

Z O iPS A 3RO AR T A 1R RS B R I

WCEETE L, iPS MIfaE kLAY — M EER L
o T UAZEH B, [RERETIC, ZEKL,
DEZHOIRAT A2 L CELEREEZEH I,
iPS MEfR kRO A — FEBE L, (K: 2)

[2] IVIS % A7z Luciferase %3 iPS #
Jid B SR L £ 4 B oD 5 HY
AREH72 Y 150 mg/kg @ Rediject D-Luciferin
Ultra Bioluminecence Substrate (PerkinElmer
Inc) % ERENEE L, 6 43112 Xenogen - IVIS
Lumina II (Caliper Life Sciences) & T, #®
ITFEBRH L,

[3] [:8F]-DPA714-PET
18F-DPA-714, 10 MBq/0.1-0.2 mL # B &k X v
5L, 30 5% 55 10 43, PET-CT (Inveon)
W CT— X DONEZToT, BEDHZYOREE
(MBq) CTH#1E L 7= SUV(Standard uptake values)
T hb—Y—0mYirZzEEb L, §HE L7,

(fEE~DOERE)

A EE OFTE T 2 EMEEEICRIT 28 E
BREE DEMIC BT A EAES (PRl 846 A
1 B EATBEREEBREENFEREREHN)
R OBREEDFTET 2 CED - HER
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EE 2T Uiz, RUFFEOEMFEFRIT AT,
KR KF 0@ TR OBANTE . BT
5 &L bz, B EREEE L KCREEYE
BREBSICEM L, REROEREHET,

C MR
[1IBET7 Y v A FBRALEBE S
TeR434b iPS s D EF 2 m L S ¥,
WA TH D Luciferase Z 1HE RIS
BL6/J < U A DRRHEZERIIH S DA 431k iPS

Mz~ AEHETICBHETDET NV EER L,

BAET VoA Ml BE S iz iPS Mg o
BRI 2D RFIICBE LT, LY
= MilE LT, FfERR E 7% BL6/J < 7 &
% Positive Control & L., RERRTHS
BALB/C v v XA %& %8 & LT, BALB/C v 7 &
HEOBEET VoA MIKIREA DR Z B
L7,

R, BERRTT VIR AENEENK
B A 20 LT, FAERERETVICR
Wi, 7 BRBRLUBEREICEILE ST T 5
ZEWRENTE, —F., REERET M. B

T VA MlaEZEAS TR T,

FIFRERIRIE & TERWVD O DH(E B A HERF S
ni,
UbZd-T, FEERBEICI-TELDE
MR E, BET YA NIRAIHTS Z
EDRBR AN, (K 3) :
[2] [8FI-DPA714-PET iZ Xk ¥ fh 5 #ifa
BHIC X 2 EHEMERE ZFML 7,
IESRBEICRB W CTIIBE A IZ oW 5 % EG
B, FICBHE R ORER K OWERAT R &
DRl S, SeEmERE OB EN R S5,
L L2 6, MEBEICEO T, DR
~BHE SN MROREBERZE 21T 5 2 L TR
ThHhdI b, HMZEICED 2 REEMEK
JEDOFHIEOELNEETH D, Z I T, 1§
Wl a7y —UERERICHEET 52 &0

SFEER KT A [18F]-DPA714-PET &% AW T,

MRS 33 ) 2 Sa P fEME FOUG 78 R IR A L2 B4
TEDLDEHPERFEELZ, (K 4)
Luciferase Z& 81 iPS e i 3.0 f7 HE A 2 HEfa o
—MbL, vV ALELERBIBHET HET L
ZERR LT, 1) ¥y AFEE, 2) FERRE
FEFE. 3) MRS RBAERED 3 BT TR
B 7 R R L B L 72,

FERL v LSRR © QNS RIFE R SRR
H1HICHLTE T BHICRBWT, PETETO
SUV max I[ZZ{ER RS okt LC, [RIfE
HEABMEEB N TIEL.SUV max ORISR S
Nz, &512Z® SUV max i, HHLOBRE
(ARG) L HEZMAEZRYI, . £7HIC
i L 7o DR OFFEHEMEAR I W T, RER
SRAEREIC CDB8 it~ 7 1 7 7 — P DEREN
Rond, (B:5)

VL& v, [8F]-DPA714-PET {EIZMRBAEIC
B EMKISOEENFMIBERATHA Z &
DRIBE Tz,

D EB#
REFIZBNT, BET Y A MR MbE
iPS MR EAE R D S WA N R 2 AT D Al ER
HERRBR I N, T7hbb, Rk iPS Mz
hEBET DERIC, BEHEAET Y =1 Mika
BIRASEDZ LIZED, iIPSHBOARFOIE
ERRAbONT, 5%, 1) MERNL 777 b
W SRS T D, 2) VT 7 MIEB
A REREDO mRNARLER 2 EB(LT 5, 2
EICEV ZOMREZIDICHLICT D Z &R
T&E5EEZDOND,

Elo, BHES T 7 MOxHT DR G 2 R
BICBET AN A=V U TV AT AT T AE
FMCBLTHIL T LN TE, Thbb,
[8F]-DPA714-PET {&i%. &Mk~ v o 7 —
CEHEHL, MFE ST T MRt A ERE R E
EEBCFHMBT A &N TE, 5%, Z0A
A=V TVATAERWT, BET VA
MRREIC L D REERRR L FHE LG 2 G
WREET DMEDRH B,

22



B, DAREICKT B M5 iPS MR E 3k
DfFfia s — NBEOIRESIRIC, BET VY
TA MIROREFBER G X HEBEHRET D
DERBHY, ZhikvrvA0EBELGEEST
NERWT, Lz a—RER EOHERERTE & &
{12, [8F]-DPA714-PET &4 MEITT 5 Z LI
XV . ZTTHLENRNTEDLLDEEZEZGND,

E @

fF Kb iPS MEBEICBSNT, BECHET
VA MERORBBES REEADREE
BT HZ R INT, 5%, LARICKT
B iPS AR SR LR Y — NEHETREIC
BWT, BEEET YV oA MO FEREBE
DB ENT-LHABOAEFERUEREICS 25
HETRIET DLEND D,

2

F WFRERR
1. X FER
1. Higuchi T, Miyagawa S, Pearson JT,

Fukushima S, Saito A, Tsuchimochi
H, Sonobe T, Fujii Y, Yagi N, Astolfo
A, Shirai M, Sawa Y. Functional and
electrical integration of induced
pluripotent stem cell-derived
cardiomyocytes in a myocardial
infarction rat heart. Cell Transplant.
2015 Jan 20.

Kainuma S, Miyagawa S, Fukushima
S, Pearson J, Chen YC, Saito A,
Harada A, Shiozaki M, Iseoka H,
Watabe T, Watabe H, Horitsugi G,
Ishibashi M, Tkeda H, Tsuchimochi H,
Sonobe T, Fujii Y, Naito H, Umetani
K, Shimizu T, Okano T, Kobayashi E,
Daimon T, Ueno T, Kuratani T, Toda
K, Takakura N, Hatazawa J, Shirai

2. ¥
1.

M, Sawa Y. Cell-sheet therapy with
omentopexy promotes arteriogenesis
and improves coronary circulation
physiology in failing heart. Mol Ther.
2015; 23:374-86.

Kamata S, Miyagawa S, Fukushima
S, Imanishi Y, Saito A, Maeda N,
Shimomura I, Sawa Y. Targeted
delivery of adipocytokines into the
heart by induced adipocyte cell-sheet
transplantation yields immune
tolerance and functional recovery in
autoimmune-associated myocarditis
in rats. Circ J. 2014; 79:169-79.
Kawamura T, Miyagawa S,
Fukushima S, Yoshida A, Kashiyama
N, Kawamura A, Ito E, Saito A,
Maeda A, Eguchi H, Toda K, Lee JK,
Miyagawa S, Sawa Y. N-glycans:
Phenotypic homology and structural
differences between myocardial cells
and induced pluripotent stem
cell-derived cardiomyocytes. PLoS
One. 2014; 9:e111064.
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. OERERRDyey ) OBRBRILDay ~16)
Mediom LI ] ST L IoE ] WL LT ]
o RSN st SHEmte s SRR
Supplement BIO
Dish Corning® 96 well ultra low attach dish Flat plate dish
Day 0 3 5 N 10 15
Day0 Day4 Day7 Dayl4d
EH 2
A3 aTX
iPSC+PBS
aTx
iPSC+RAC i
sTx
iPSC+PBS
Dayl Day7
E 4 : - Sham Syn Allo
FHX 5 :

Sham

Syn Tx
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BAFEBRFZEMBIEG (85 - RAS0EEBSTOEROELTEEE (BLERBRFENT))
(HFE - o) BFEHEE
(AT YV A MIKIZ L 5 iPS MBRBHEEOREERIGENZE]
rgesiE HPERE (ERERZFEZN ERARE SR

MREE . ARFHETIE, MREEREAZEES 7 FLVBECERTAIIL T, MEFL -
RIE - GBEEREAZETD [BAT Y VoA MK CHFETLEMEME L, iPS Ek0EE -
b ORI E LTHRE L, LM —F AKRKKRKRE  B70—7) | fER
FEEY— b (LSBT - AREH . @BV —7) OEZEMEZEHES LIZERISH X T
WHEZEEREHET D,

SHEFRECHOIHEPTBEBENRRNVBIEBREREIN—TICBWCCIERFBEEOCOHAET Y =—A M
JOFIEEHERTH & &, BInEEERTEIIHTAIHET VoA MIBOME FHAE - FIRIE -
GEERER AR L, fFREUIC iPS RO AR - MR O D DERICHAEINN & LTHRET 5, F
AR 25 EEICBNTIL, JERERRBIZBVWTALY Y ABAET Yo NEEBEERZERT D200
BEELEBRPREOFMOBENELITO 2 & EERFERICBITA2BAT V= A MIROEZME %/
T AWMFEEE L RFRERNE LN, EAR 26 EEIIREEICHEN Lz~ U ABET V=1 M
MEBRNT Y RABEETVICBITAURAEAT VoA MIBOFEERMEBHEERICBIT S

MR BEAEER LA REZMEE L7, FRICBAETY Y y=f MIROBRICHZ B & L7z,
WRBBEOEET VoA MIBROHK LERFELRITOI LB E L,

A. HFREE®
JERERFIZBVTER 26 FEIX TR L BEY
W EBRE EE LT,
OEERB~T ABET VA MR ORESL
@O~y AEBET VICAEERY Y AFET Y
VA MIEBEEER L, MiEER, AIE
BRHE, MEHE, MREDRERIE LT,
OERFBEICR T HEAET Vv oA MERD
et GRIBOBRE. HEEFIEOMHRS., BEMER
%)

B.BFE 5 ik

DA PVT MY b v ERELIEERRBR Y A%
ERL L, RAEMmH 6 BEZIREZBRR L, BEEKEH
£T Vx4 MERREEED 7 TV TR RIER
PITVEEERICEET VYo Milso EBAE
ERREDNROBEEL R oMREEE~Y— I —%

FACSEEATIZ T, MEHAEEZEPC-colony forming
assaylZ CHEHT L 7=,

@C57BLEJ~ U AR M7 b BEAZBR 2 B L, Bk

REBAET Y VA MERRERD 7 T VI TEHE
MEELZITWEERICEAT V=1 MEREE
. VEEE T /VBALBCw U A IZHHE L AEERIEE
BHEEBRICK SHEEE, AIGIEEDR,. LE
B & RREE LT,
OFERFEEREMBEZRNOBETY VoA b
MR Z R L, MEBA L MREDROEIZE & 72
DR E ~ —F —% FACS AT C, MEFARE
% EPC-colony forming assay, EPC Culture Assay
TN ZR I oTz, BRI BRI L L2
T AR DG 2 TR TE T 2 72 8 FACS FEAT 21TV, 40
Bl D FER R B 31T D CD34 B HEAEAR & CD206
fROBEFREME LR ATz, £, B
DEEMD T DEREHRR, AR ELEmL
7o

(f B E ~ DO ELE)
bt N b BFERITHTEIC B D B et
(k2 5 EXEBAE - EEGEE -
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RFEEAETRE 1 5) | BRISEIZRE T 5 fm Bl
et (CERk 2 O FEAHEETE4L 1 55)
JEAE G588 OPTE 5 ERAEBIC 3T D EiAn
BRE O ERIC BT 2 AR (CFiil 846 A
1 B AHEA S48 K EE B AER R R s )
T ONER K5 T TED L EEHBMEESOH
TEZ ST U, B 3EERIT, AR AR EERE)

WMZEB S L FROKRBO G & B EHEE T %5

BRIRBF TR DWW CINER B RZHBe M E & B &
DAERBOG LIZHEE L TWD,

C.HF3uiE
OFERF~ U AKRMMBEAET ¥ oa SIS
EENCHAFERZ ICHREBIIRS 32 (5.0%20.0
1.0£0.2) AEPCOEIIEMT B2EMIZH B,
EPC colony forming assay®DfEHE., BAT V=T
A FHABIX. primitive, B LW
total-CFUs& TIZ B\ CColonyEiLENLIZ ML
BWNEBEREZAETOMETHD Z & bro
Too BERFI~ U AR MEZRITEEEZITO 2 &
TEERORE~ U A~ FREICOEBAERED
EEERLE, (K: 1)
@GPFEEMEDCSTBL6]~ 7 AHAET VoA Mg %
FfERRZTHDHBALBCY UV RABEETVIIHE L, 18
JEVERL#%Dayl, Day3, Dayb5, Day7, Dayl0,Dayl4iZ3s
T ARETOMIRAEE R L RAEIEES R, MEFED
REFM L7z, C5TBL6]J~ U XA BAET Y oA Ml
IR TE B E CIEBMARICESR LTV ), BE
%148 B OEBEARICBEMRIIRBD oo iz,
LL, FEERMROBET Y =A Mildz®
FELTCBEDIE D SPBSBAED = o b v — /LT E
VIBEHE /N R EEBE AR ER L Z b ETE
BRMEOBET VoA MBETAEREIC KT
DNENBDOONDZENEATEL, (M 2K
3)
@40 Bl DM BEFIZRBWTEAET V=4 MO
FARL & R, CD34 BB IR ANy 1. 85%,
CD206 MAEAS T 13. 9%, Th o7z, TibDIEIX

Vs.

definitive,

R AN AMET LWy, 5538 ET & E_ERILE
< Tp o Tz, BEERIFZEIZ BT 2 MIIRBHE DA &
LT, CD34 BhHfnpmik 0. 1%24 £, CD206 BEEM AR I
1%LL k& U7z, Hera MlAE & b U 7o s fE B 15K BR &
ERE LN, & FEET Y v=A MK DEEEME
R ChH Y | BHRHBRICB VT O REREE
RTRERIIE LN o T, MEEEmRBLZ, b
NEAET Y A MO X — K~ 2{BEET
WAZRT T HRABIR IR OEREBEE XD L, B b
FfEFET VoA MIRBEIZIZE2THYD . BV
AR RERTZ EBRHEL MRS T,

D.E&%
TURAFET Y A Mo RER R MESE
VX FRE R R AR RAE L < b ~NIRBMREN TOEH
AT DR o Tz, EEHRIIMOLRSREIC
< BABBRISHE WO, FERRMERITISE
HUEME T I AEMRICEE SN TLES A
BEMEANTRIR ST, Ll EREICENTED
BB R Z27A 720, B LA OBET Y
YA MR ESZYA A CHRICIVERED
HRME SRRSO M NS OB AR L. Mtk
ELEBEHEDODERBDOONDIEEZIOLND,
[FRANCEET YV =4 MfaDAllo (RIEER)
FERRRSHELC & B M BA TR S IEBTIRRIC T 5
BENRBEINT, £/, e NEAET Y V=L
NARRRIC X D RTERERAF AR A 6 2. SREE LV B
FRA~DOBITHFARTH S LEXD,

E.#& %

Fx I THMAED R, BVLEBFLEELZETSHE R
PERIGBERMMBTAET Y oA MEBRORESLIC
RE L. b NAERREALET Y A MllBE
DEEERFEEZ REENP O ERTETH D, DI
TURACLARERREBLET Y VA MilRBE
DEMERRD b L bEE, & MBI
2 RBEERMBPBE~BEIYFE TV D, KEM
BAT Y VoA MIBIZOBOMIED b & Hik
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fE « EEAMEOBET D Z ERFREE 2D,
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Endothelial PGC-1a mediates vascular
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Introduction

Circulating endothelial progenitor cell (EPC) are
now regarded as subdivided into two categories,
hematopoietic and nonhematopoietic lineage EPCs
(after controversy during the decade following their
initial isolation [1]), as there is no definitive
delineation of EPCs, no clear differentiation
hierarchy, or unambiguous defined isolation
protocol. Hematopoietic EPCs (hEPCs) have been
reported to originate from a provasculogenic
subpopulation of hematopoietic stem cells (HSCs)
in bone marrow (BM). hEPCs have been quantified
and qualified as either circulating cell populations
identified by cell surface markers such as CD34,
CD133, and vascular endothelial growth factor
receptor-2 (VEGFR-2) [2-11] or “colonies” [12],
using conventional EPC culture methods to produce
spindle adherent cells from peripheral blood (PB),
BM, or umbilical cord blood (UCB) mononuclear
cells (MNCs) with endothelial growth factors and
cytokines. These assays using conventional EPC
culture protocols were simple and satisfactory to
speculate on the vasculogenic properties of EPC-
enriched fractions, but have recently been criticized
with respect to the quality and quantity of EPCs
derived from primary cells. These assays further
group heterogeneous EPCs into one qualitative
category, “adhesive cultured EPCs,” without any

hierarchical discrimination and proper character-
ization of contaminating cell populations, which
consist mainly of hematopoietic cells [13].

Ingram and Yoder et al. have demonstrated
circulating endothelial differential stages, high and
low proliferative potential endothelial colony-
forming cells (HPP-ECFCs and LPP-ECFCs), using
their original culture parameters, demonstrating
clonal colony-forming units (CFUs) in outgrowth
EPCs, cultured adhesive EPCs, or differentiated
endothelial cells (ECs)[14,15]. This carefully
conceived culture assay system, demonstrating
thorough insight into stem cell biology, is
contributing significantly to the development of
EPC biology via the introduction of a differential
hierarchy system for ECs. It is relevant to the
isolation of CFUs from cultured adhesive cells of
tissue-derived ECs or EPCs (i.e. nonhematopoietic
EPCs) but it does not appear to address the
identification of primary circulating EPCs from PB,
BM, or UCB (i.e. hEPCs). In response to the need
for a defined assay to detect hEPCs qualitatively and
quantitatively from primary blood samples, we have
developed a new colony assay system.

Our methodology utilizes the conventional
methylcellulose assay used for stem/ progenitor
cell identification, and is modified to resemble the
previously developed semisolid colony assay system
for the determination of EPC-CFUs [16-18]. As we
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Figure 8.1 The concept of EPC-CFA to assess the hEPC differentiation cascade.

hEPCs originate from HSCs. During hEPC differentiation, hEPCs lose their colony-forming potential and become vasculogenic. Based on this,
hEPCs exhibit individual colony-forming features: primitive EPC-CFUs or definitive EPC-CFUs, which are morphologically defined as smail
round colony cells or spindle-like colony cells. These are provasculogenic or vasculogenic, respectively, thereby providing the characteristic
to estimate the proportion of colonies with vasculogenic potential of the investigated cell populations. HSC, hematopoietic stem cel!;
hEPC-CFC, hematopoietic EPC colony-forming cell; non CF-EPC, noncolony-forming EPC. The upper, middle, and lower pictures indicale
primitive EPC-CFUs, definitive EPC-CFUSs, or cultured EPCs, respectively. Scale bar = 200 um. (Source: Masuda H. 2013 [2]. Reproduced

with permission from Eisavier).

have recently reported, the present assay system
differentiates the two types of EPC-CFUs, mor-
phologically identified by the respective colony cells
with the features of small (10-20pm) round cells
and large (50-200 m) spindle-like cells (19,20]. The
smaller colony cells with proliferative capability, in
secondary semisolid colony assay system, convert
into the latter larger spindle-shaped cells with
vasculogenic property. Thus this assay defines EPC
colonies as primitive EPC-CFU (PEPC-CFU) and
definitive EPC-CFU (DEPC-CFU). The essential
findings provide a novel and fundamental concept
of the EPC colony-forming assay (EPC-CFA) to
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quantitatively assess each colony in terms of the
hEPC differentiation cascade (Figure 8.1, Table 8.1).

The advantage of this semisolid colony assay lies
in its ability to estimate the number of immature
progenitors that will go on to form colony units
from a single cell and the possibility to assess
the differential quality of colonies without any
contamination by differentiated cells. Furthermore,
we devised a semisolid media condition capable of
evaluating the adhesive potential of endothelial
lineage colonies.

The methodological concepts of hEPC biology
were examined using: (1) EPC-CFU analysis of



