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t -~ ES iR Z Bz in vitro MEEREHREMES AT LITELD
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R BOMEERIVE e N ESHilEZ BV ARAESFRBREOFRAEZRRL
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 MEHEERZEETSF MU TLRIRRTF
K (ANP, BNP, CNP) RUX7 RL J AP a2V >

AN 2%, MEFEZRETDILZHSMTL
Fro —HBRZIL, EROBEMME T NTORESE
MRICHME LSS ES MRROBAEERADIGH
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EX#HRD (Vascular Progenitor Cells; VPC)” @
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AM =4 Aldosterone production

ZHEEL T2,

B. BFEHE
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VEGF VEGF+AM
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EXHEHHUTHRBHBE (REHFLETHRSER)
SEMRBRES

EMES #iRRZALVE in vitro I EMEHR ML RTALICLD
TRMEBERINVEY IORRERINVE HRICLIFRDNIELFTEOBR
-EOREBERIVEY FRUV/AFaV BV -ERETNEMEMEDOBEEDORR-

HMEMRE BiF RE RBEXFAEREZHARE ERMEFHR

MEEES;, EEORRTR. VRETOERRNEDET NIV ATHSIYU AREETR
EFNTARBSELLT —F U/ ATVOABSTEREBOEEINSL, 2)BRICLSZA
HREL. BRTFREHVEANSARICRSTERARERS THORV THLIILNREN

7=

A BRERM

R E T mE%Z2MAE (subcortical vascular
dementia: SVD) (3bHEDOME MRS
Z0XBLULELO TS, N—FVYX
LABEDESHBEREZE VLT BcE
YUDREELLTEETHD . TOBREEID
fREFOEEIM/IMREEICRON., B
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DERBELEH BV EROMRERISH
THY. bbNIEMKBERIVES ., TR
L/AF U (A ZERWCBREDREREE
BiELTWS,

SVDISRBENICIIS /T EELAERE
[CEOTHBTDIoN, HMERHEDORF DL
SIEMMNEERSEORREAELEZZOSNTIVS,
AM [IONBHRFALNEFHFEERZSRL.
SVDRBEICHTIFMULEF/ENS, AR
DB BEREMIBITIEFRERTEDMN
ZEIBAT HETH B, FITLTAM DIER

FERREAHDIVNIMEARS PEMEKE
MICRIEFTHRERIALERT -9 5
EERFLTNS, YO RBHEREERET
M BFEDNbNBSHERELESVDDET I
BYTHY. EMMHEERELZMBEERE
229 5. AM BRERFISBMEREMICRE
THRERILT S0, REEICHRIITYY
AEUMEERET IV OMBRE(LEZREBHL,
B4 OEHNICLINEREDRBERICEEZ
AN,

B. BARAE
1. RO RBUREZERET VICHITHME
Z{t

EH5S(IEMTY RO RIS MIXEH
(bilateral carotid artery stenosis: BCAS)IC&
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U7 H#BROERENEL, T—FTATUOD
BIRMEENZOHONDILEZRELTNS



[X#1]. LU, SVDEEAEOEBNED
(FELTEROMRERI T HEIBERR
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) T. BCASHEBEHY I RICHULTE AR
 L—Y—Ry7S—MREE. HEFH-
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2. BUBEMETIICSIIDEFOBER
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SVD&# K T3 Mk R BAFI (BBB) R E &
JUTHBROREERIMNEREINTEY.
BBBOEELS/UTHIRMPSELESNDREE
EYARALRTV-SPhVBRERED
REZHBFLILTHESN TS, BBBfE
EEERETIONyIRASOTOTFT —E
PBREE, BLUT7AMNAYAADSI00EBER
R4 9 Barundic acid ICDWVT. EEEA1E
%i25%17>T. BHARENDYRELLER
gtl7z.

C. HMIRBR
1. IV RBHREERETIVICEIT5ME
ZEizoWT

HEDEHIV ADBHRMEERATT
(SRMBEERBEET —F > I AEUDER
MEEICRESIN, UT77 L RATUDEE
PRERIITHONAM =, TNITHL.
ZHIVAICBERNEERAFRET OB
& HERPETLTIZZL Y AAEIHE
EINTERESLBNLBDEEBLH
ICU7=,

2. BMREMETIVICHITZEROBER
BEHR
Ry R A9070F77 —CEHEE
ilomastat OBH/FZERIHIOEHLSD
Evans blueDEHZHFIL. BHHBEZNF
L7=, Arundic acid ICDWTIIERIDIRE%:
BHURMEEREGTORBRTBENTER
B5Z2FABLTH. BEREDRENR D
BLEBALMICLE(E2), BHEREERS
A3BEBH50®RETIRI/ITHRERLE
BEREOHE S MHENM, 78 BLIE
D5 TRIUT7HBREHIEDOH HHEIE
n7z [>xEk2l.
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t b ES #filg & AV /z in vitro I EFEMRMES AT LITL S
TREMAEERIIVES ] ORBERIVE D HHEICK 2HHEBAELRREDHFRE
- ERRBECBIT S RMML TN R AT AE RO R -

SHEMREE TR RE

EMERSRE 5 —

IRELRHAR BE

MEES : TE, KEMPOMmENEFEMIE (Endothelial progenitor cell; EPC) 238}
IRE(CHEROERICH URENRREEZ L TSI ESHLNIRDDDH S, Ll
AFRY w7 RO-ARBIFZLMERELEOEEIIRATH . SEIOBMBEITICS
WTHERREZICBWTHH BNP & EPC [CEOEBENRD 2 ENHASNIR -z, 58
MSEEICBWTEPCEELMEA R FOREIZDVTHIMEICRFTT 2HLENH S,

AWFFEER :

AR, KA > EPC A3 P R B AE D #E
FOmMBEHEERAL. BREEERBOE
BT UREMNREEZLTVWSZENHS
MITIZDDDH B, EENS DNDERIKRHZE
2k > TKR#IL EPC OETFALMERDT
EORKREATTHDIEbRINTNS, —
FHAZRY w27 ROo—AREHERZG
DR—EACTEEESE, siE. BERH
RERENEREHL. BREIRBEOHL
WERRATELTEHINTWS,

AZRY w7 RO—A, BICHEEEE
KB 2L0MERBE - ERITHT BKRMM
EPC OEZHEZHLENIZT 2. .

B A ¢
ENERSWA LY —ERPO 70 KL L
OHLDRLEBOBEDRVWERKESE
34 &R L THMEM EPC BEHEMIfaEk (CD34
M) ZHEEL. M+ BNP #BE. [
ITa—NTA—F—LDHBEZEREL /2.

(RERAANOER) BKRMEICDONTIE, %
A/ -NOEEERNEREZER. REZ
B2OEEERTS, BEFAANOEEZHEE
L. BRBREBZOBIZORABIZTIIN
D REBIIED D, '

CHIFEHRR :

CD34 BB HMIEEIE BNP A E & DB
Z3R0 (r=-0.40,p <0.05), X-EELEK
DIEETHS LVMI EHEEBREOHBEER
DIzH (r=-0.46,p < 0.05), IHEEEE DIFE
T&H 3 LVFS %ﬁﬁﬁﬁ%@fg%'@cﬁé E/A &
BEERBMHEZRORMN-> . /- CD34 5
IS & BNP, LVMI & OS2 &, .
HbAlc, Ififf, medication Z\WN=ZLEMRE
FTHHEETHo

D&% .

4 EIOBRH TIZ CD34 BB M A R
BECBIESEREMET 2 MBS
Moz, TOMRIITMEERFICBITS
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TRV AT 2 YK 5B EEAB IO OERBF
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WEES RFOFEBEZEEERITIUCABBEEFINIIAEANTT KL AFaY >
(AM) OHBBEEEABIUCZOERABFICOVWTRNET >, MEY > RBEETITTX
GRS TEE, WENKEL., TOEFELTY DNEHE. NEFEBLIVNTOREDK
SENFMBBEENEE Lz, 351, AR > RNEREMBOMEIE, EEza icEmL
Jzo Flo. ZOERIZANZAEEERAE. CAPHERBLVOMEKEERICZOAFSINE, b
DRERLD. MY O NFEREDREZE T B ARESRR I N,

A BFFEEHM RERELL . LYVE-1, Podoplanin KX vWF Hifk%
U NEFERRERENR BERIILET4 AWT, HBFERAEZT - 7.
—S5FANEHEINTNE, —H. TRV ATF

2 U > (AM) 1587778 i B PRFR M O L & )) C. PHE#HR

EDTHO MEHEERCHT RN — A AM BT, O hO—)VBEEEBRLT. FER
L DHBRE. BREICH ZEPH M E R REZOMNERDE (K1),

TV, SEHRLIEG. VUV RAFBEETINIIRAE

BWT, M OFEEBERERIRBIVY DNEBE

5 7 ~0— Contrel

ERZSOERABFICO N TREZT R 1, - AM
i
B. HtEEH g; &
AL b R EHIRICH S B A DR £ -
KR ST 7 TR VBT R AR 2 & 0 BRA L 7 S
F7-. Westernblotting 5T AM IZ& % ERK R OX Time (@ays)

Akt OFEMILZEZRET L7z, 810 A OHEMH

BALB/C DR DTN S lem DL % M1 :<U7RRY) NEFEIIHT 5 AL OER
1.5-2.0mm {BICHERICEDEKEEZRORE, &

he) 2 NBEEFINELE. 20K, BEERX  <IYRRBEGICWT. I FO—VEEELT
> 7 EEFICEDAS, M (0. 05pg/ke/min) ¥ AMBETIL. LYVE-1 B4, Podoplanin BEtERERE R
IXEEAEKE 4 AREFGREREG L. BER U VWF BBtERIIE O BBzl (K2).
ZREAMICRID, BEICNTZ M OBREDRE AM R ONREAEROBBERINEEEZEE
ML, X5, BEETIIAEH 16 HERICHE WZEmLz (K3). AMICE3Y > NRENKEMR
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DIEFEIX. cAMP DRAEH] Rp-cAMP  (Rp) K2 UK MEK
DFEZEH PDI805S (PD) /13 U0126 Ick DFHE
XN, TN B, 32 OV BE SR
LT, ERREFEIC VBl .

LYVE-1 Podoplanin vWF
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D. BE

I EDRERED. AM ORGHREGMNY 2 /NREE
FNIZBNWTHERDRERT I EBHLNE
ok, M IckdY o RBEEREDRIZ. OV
CINENEMIROEE - EEEREED ) ONE
FEER. OmMEHEER. I5IKE. QEHAER
BHEEEERICEZELEZ NS,

OV INEREMBORE EEEREED Y >

NEFEERICEALTE. Y >REOREBET
M BBRBETHD2IENRICHREINTED
( Fritz-Six KL et al. J Clin Invest.
2008;118:40-50), LXDHERMSH MM ITL D
BEEARY ONEFEERNRDD I ENEZS
N5, I5I, QIEHEERICK D /HATMTREK
ENRNEL SN, OBIVTOORER. BEKOD
BEEBRINTNEIDHOEEZLSNS.,

E. ##H
AM 1Y 2 NERAREER R OME B A REE
Atk o< 2 RHBHEEOBRICEHFS Lz Al
DY) NN BEOH IR ERE L2 B AREMLNUR
mxhiz,

F. EREfaBRiE®R

2L,
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BEERBHREARAREDE (BFERNFREMRSEH
SEREREE

t b ESHIREZ AW in vitro MEMEHRMEI AT LICES TBOMBERILES ] OBRERIVES
BT X 2 FRBERBEREDORRE
—H)L ES Mk e st Ml O I~ OB HEICE T 5K —
SEMRE OE ¥ HI=ZFRERASH ERERPZER

FERETYIV ES M, S OMEFE LB 2 IV ORFECBHEL . MEEHMko
in vivo TOHRIREZRIT L, TOKR. BEMBOEE S MEMRBANDOMEZREB LI,
T /-, PSA-NCAM Fitk THEMEE L V2 aTH2 L&D, BEMRERBETED Z &N
HoMhEEoT,

A WIEEW BT, AFRY w7 RoO—A MS)ITfEDS ASO
FREREICBNT, FEMEHEFE S VME R BEICHL TANP OEFARRRERGERTL. EHL

BEFEAZEL. BCLDERBBENORBHRES BEHREF/TND, ILXBE. OA2. i

ZRBLTVWALMERNECICETA2ARERL FEBEZIINTS M B5ICXD BIFREREEEZE

BN RAETSEERE BS Mg T OMFREEMZ THWa,

MEIERZZEITE-T. EEFHES MlazAWEN FEER, FEECRELAYIV ES #ldhs b
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Pathway for Differentiation of Human Embryonic Stem
Cells to Vascular Cell Components and Their Potential for
Vascular Regeneration

Masakatsu Sone, Hiroshi Itoh, Kenichi Yamahara, Jun K. Yamashita, Takami Yurugi-Kobayashi,
Akane Nonoguchi, Yutaka Suzuki, Ting-Hsing Chao, Naoki Sawada, Yasutomo Fukunaga,
Kazutoshi Miyashita, Kwijun Park, Naofumi Oyamada, Naoya Sawada, Daisuke Taura,
Naohisa Tamura, Yasushi Kondo, Shinji Nito, Hirofumi Suemori, Norio Nakatsuji,
Shin-Ichi Nishikawa, Kazuwa Nakao

Objective—We demonstrated previously that mouse embryonic stem (ES) cell-derived vascular endothelial growth factor
receptor-2 (VEGF-R2)—positive cells can differentiate into both vascular endothelial cells and mural cells. This time, we
investigated kinetics of differentiation of human ES cells to vascular cells and examined their potential as a source for

vascular regeneration.

Methods and Results—Unlike mouse ES cells, undifferentiated human ES cells already expressed VEGF-R2, but after
differentiation, a VEGF-R2-positive but tumor rejection antigen 1-60 (TRA1-60)-negative population emerged. These
VEGF-R2-positive but tumor rejection antigen 1-60—negative cells were also positive for platelet-derived growth factor
receptor « and B chains and could be effectively differentiated into both VE-cadherin® endothelial cell and a-smooth
muscle actin™ mural cell. VE-cadherin* cells, which were also CD34* and VEGF-R2* and thought to be endothelial
cells in the early differentiation stage, could be expanded while maintaining their maturity. Their transplantation to the
hindlimb ischemia model of immunodeficient mice contributed to the construction of new blood vessels and improved

blood flow.

Conclusions—We could identify the differentiation process from human ES cells to vascular cell components and
demonstrate that expansion and transplantation of vascular cells at the appropriate differentiation stage may constitute
a novel strategy for vascular regenerative medicine. (Arterioscler Thromb Vasc Biol. 2007;27:2127-2134.)

Key Words: angiogenesis ® developmental biology m embryonic stem cells ® vascular biology m endothelium

luripotent embryonic stem (ES) cells are gaining at-

tention as promising cell sources for regenerative
medicine, especially after the establishment of human ES
cells.! Because the knockout animal research approach is
not applicable to humans, investigating human cell devel-
opment/differentiation using human ES cells is more
helpful. These cells possess a number of characteristics
distinct from those of mouse ES cells, such as surface
antigens, leukemia inhibitory factor independency, and
long doubling time.! We demonstrated previously that
mouse ES cell-derived vascular endothelial growth factor
(VEGF) receptor-2 (VEGF-R2)-positive cells can differ-
entiate into both vascular endothelial cells (ECs) and mural
cells (MCs), the latter composed of pericytes and vascular
smooth muscle cells. We termed these mouse VEGF-R2*

cells “vascular progenitor cells” (VPCs).2 We also showed
that VEGF and the vasodilating peptide adrenomedullin,
which, as we reported previously, enhances angiogenesis,>
play important roles in EC differentiation from these
mouse VEGF-R2* cells.* However, recent studies have
shown that, in undifferentiated human ES cells, unlike in
mouse ES cells, VEGF-R2 is expressed and continues to be
expressed during differentiation associated with embryoid
body formation.> To further clarify the vascular differen-
tiation process in human beings and to determine the
possible clinical application of ES cells to vascular regen-
eration, investigation of human ES cells is essential. It was
also found that CD31"* cells could be isolated from human
embryoid bodies, indicating that they can act as ECs.$

However, a precise analysis of the differentiation process
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