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MEEER (FEX) Mass production of enucleated erythrocyte from erythroid progenitor
cell lines.
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In this study, we developed a method that enables to produce enucleated erythrocyte
efficiently from mouse erythroid progenitor cell lines (MEDEP). And it was indicated that
erythroid membrane protein, GPC and Rac-WAVE2 signaling pathway have important rolls
in enucleation process. In addition, a culture method using a ROCK inhibitor, by which
hematopoietic cells can be induced from human ES or iPS cells, was developed. However,
human erythroid progenitor cell line has not been established.

AR ERR
(EHHAL : )
ELEE R fr11eE 2 o gt
2008 4 1, 800, 000 540, 000 2, 340, 000
2009 4FJiE 1, 400, 000 420, 000 1, 820, 000
w®F 3, 200, 000 960, 000 4, 160, 000

L s ey e

B o8 - ME - EEEY - BElhd—HK

¥—U—F:1) ES 2) iPS 3) KMk 4) Mgk 5) MEDEP 6) WAV
E2 7) Rac 8) ROCK

1. WFEBHAE L YO 5 tEEE (ES) ML 0 b S 5 /8Hk 0 Mk
Wb T2 2 LN TE DI EZFT-MllTHY .,



t N E SHfaz U CRARATRE MY - fkas
AR T D &0 ) FHAEBENMMIFI L TW
%, A, B ME SHIE G FE L7
JaZ B~ U AERNTHRE LIS D 2 &
o, FHE L= MiReEs - miESHe A T2 B R
RS EROAREME A RIS iz, L L7
N6, E SHifun GFEE Lok - s 2 H
W EHAERA~OIGHICE AR T RE KX
oL LT, 1) E SHIBaNE SR
OFE, 2) MiEAaMEORMBE, 28T 6h
%, —HFC, MLIEAII O th TR I BRI TA% 2
T2 WA T a0 | BT O ATRENEIXIEIE
Bz biZewn, MfEAMEICE L TH, ARl
ERICIB W TILMEME S FUR O BLITR O &
N, Rh ()., OMoRiMEk%Z K&EEEST
HZENTENE, FEETCOmNEEL D
N—TEXBHZLIZD, ZDOLIBRBEND
t ME SHIMZ AW CHRIMER 2 KREAFET
DA ST T & AUE, BRRIGH ~D ATHENE
DI E < | B MERY 226 i ML O AR D
Y. IS K 2 R EYMIE ORG Ik D7
MNHEEZBND, ZIVETIZE SHlS
MEHIE 2 383 2R IE 2 8IThb TR
. b ME SHla»SIRIMERZ D LiFE ST D
FEREBLEERE SN TWD, L, %
EDOWA . RIMERLISS DML b [FIRF IS 758 X
NTLEI =D, oM E B Y < LEM
MNTTL D, F7ZE SHIBEN S RS MER &
PEASE DI, 2BEBBRE»ND B BRR
AT 6B 70 R I ER £ % AR T 5 T2 O I 1T
KRE SHIL L B RARBRAN»MND, LN
ST, ZNHOMEZTR L, 5
WZERR ~DISHIImO TH LW EEZE 2 BN
5o BHFERFZICBWTIE., ZNETICES
FR 7> & 338 U 7= R I BR R B BR Al i 2 5 e
MR ATERHIIE 2 R GR4E) MERFcx %
L ¥R A% L (Exp. Hematol.34: 760-769
[2006]), X BT~ T AE SHifgx AWT
MR EFHE L, BRI ETH 2 LIk
~ U AFRIMERATEEAEE (MEDE P) O
SEICREEI L7, MEDE PldfiitzRmekic £
TMETHZENFEETHY , BIMFE L
<D RIBAET S Z Lk, ARIERER O[E
ENRRL A LML, £720 &
BRAE NIZ R T e N IFT R o> 1 ifn /i BIR A
Fal s & 2h 3 X < k% U 7= AR L ER % A8 B
TXDHEERLOFEICH KT L T 5 (Nat.
Biotechnol. 24:1255-1256[2006]), Z 415 M
e, BFFEIRERE D SBRSE L - Hl A& b
AL, v NE SHIMa2>5ME DE P REEOR

I ERATBRAIRARE 2 32 L, SERE RISV T

B BADLEE AR I ER & S 2hSRICAEFET D Z &R
BEE & 72, ARIMLER KR EAEPE D 72 8 D FE]
DKM, BLO = 2 FHIBIZERY
WML ERICEIRT 22N TEDEEZS
ns,

2. WO HB

ARFFETrL, PRIEERHAL DS 5L L 72 AR IMER SR
AR )N & i AR Bk 2 e+ 5 Z & A By
ELTWD, 7 AE SHIENGEN LIZMED
E PIFRBRENICB W ToLFET 5 & —aB I
BT5H00, ZOREIEEIHEY &R0,
Lo L, AENICBW TR ILER IR & <
SME UL/ TH D Z LRI ENTWS Z &
5 ERERE NIZ W TR B < k%R Bk & A pE
THLETARETHDLEEZ LD, I T, £
TR E 721 E, R A F U - R EAR L BR A P
B R CORMERMEIT I T 585 TR %
ittt L. MEDE P& b#hE L7256 0BT
B E OFEREZHONCT D EITED,
TR IMER ~D I BB e B TR 2 RERT D,
FEDORERNG, FEHERIZOVWTMEDE PIZ
BRI E 7 I3 BAH] 72 E O FIEIZ LD
HERENICB W TR E < iR MmER &2 4 E S 5
BEREWRRT D, £/, BRISHOREEEZH
<7=®, B FES., i P SHIAZ ATk
BT AREERAHL L, EMEEET A LT
Ko Tt MRIMEGCARATBRAIEZ BN T2 &b
B ET 5,

1. WEDFkE

FRIMERFTEEAIA D & AR IMER~D 53 kiX. CD 7
1", TER119 #MREN1»r5CD71", TER1
1 9~ ENmbNTWb, MED
EPIXHEL CWDHIRETIZICD 71", TER
119 Than, MMbaeiFHEa+52LI1cLhCD
71", TER119NCARBILENRHLMME -
TW5, 2ZCTET, BMFFHE Lz~ 7 A D
MHCD717, TER1 19 f#laksl®CcD7
1, TER119 filaztry—4%— (FAC
S) ikvEIXL., EEAP CRIZX VY IRMERS
{LICBE 5T 2B TORBZMHEN T L7, MEDE
P Z W CRIBRICHEHT 21TV, MEIZRB W TR
BICEOD BB T EEMELETE L, R
FIZIERNATHICL O REBIEIT 5 7 4 VAN
R —5HES L MEDE PIZEA L CHbikE
DB AT LT,

FFERFEFIT N E TITHIVE SHlE AW,
M5 SR OMENL I K OGEE L 7= AR I ER R AT
BEAINE 2 2 te IR AT BHI G 2 B8 S 7o » THER?
TEAHIEERTBFE L TWD (Exp. Hematol. 34:
760-769 [2006]), F£/=., ZOFEXZICHALT, <
7 AE S HAED & IR M ER R BT BRI RRAR & RN LTz,
IhicZhvze FES, 1 PSHIBRICEH LT,
mENER R e b IR S EERE SR DL 7R B TNT
b b IRIIER R BT BRI BRAR O 3L & 3l 72,

4. WFIERCR

B E L~ 2ADOMENSCD 715, T
ER119 #MlAakxLOCD71, TER119"
MlpseLry—4%— (FACS) (2L vEIRL,
FERMR T-P C REE W CORiER > (b BE i



It OB T L=, £7-. MEDE
P& M, RIMER~D b ZFHE L, HEREY
ICRNAZHIH L CRBROMIT 21T > 72, &
OFER . CD717, TER1 19 #amnsC
D71% TER1 19 "Mila~td 5@k
TRENLEHATHEETFOHF T, MEDEP
OARMERFLIERE TIERFEO ERER A HH
BRWELGFRHDHZEERNE L, 20D
fF1XEGlycophorin C (GP
C) &V ) FRIMERHIIRME EIZH S5 Z L)
VB Ea— RLTEY ., BiEOBRIZIR MERAH
JAREDEHREICI G- L CW D A REMEN & B =
LMEZ BN, £ 2 FE TITHRIMERSE
~DORAGNE S IVTWRUN SISk 2 il E
THSFTHOHWAVE 2 L0095 Em 0
Sl s TREAN EH T EH A
HL7=, —J. MEDE P % H\\ /= ik R
ERORBEPEADOFSZIZBEI L Tk, 1) Ky
HEREZ 3 0% EF5H, 2) MEDEP%
S E LRI A MU A VERINT1H
BT 5., L, BEEEMO TRITE Y ik
RIMERDFEA % 3 0 %RIEETCLETFL L
DARE L 2p oz, & BITHRIMERD 3 LB
BWTHREAN LA T 585, WAVE 2%
WRIEHESELZ LI EHITEREL
FHZLENTERE, ZAUTKL, 1) WAV
E2®ERTH Y 7 FMBESTTHD
GTPase (Racl) OiFHEZAELNC
Lo+ 5, 2) WAVE 2 LEEEKEZE
BTz ENmbNAIRSp53, Abi
172 EORBLZMEHIT 25 Z &2 L0 B
MERDFEANIE S D Z & NRBI NI,
¥/, WAVEZ2/v77 7 MNE SHlilaz
W TR EFE S 21T - 72 & T A PR
EROPEANEHR E S HMIC e~ M (28 5
ZEDPHALIE, INHDZENBWAVE
2% E LT FRENBEZ S L CTun
5 ATREME DS R S T2,

t NE SHIFICRES U CITat#b K5 TRz
ENT-3KE. U4 R U RFETRISN &N
72 2Kk, WFZEEE CMBICKINZ L7 1 P SHl
2R E W TR EFEE T o7& 2 A,
7R _RTITB W AR MER R ML 2 & o i
WA D PEAEZHERTHZ ENTERL, 20
IACHEIBRICBWT, B FESHIlEDZ o
— = TIZHHTH HROCKLEHRZ N
ZCHER T2 2 A, MLIKETERMILD 2y
LB ENRNBLRDZENHBALEZ, &5
IZ. ROCKMEANIIE FOHhe b, w7
A, W=7 A FNVE SHBIZBWTHLHEZT
bV, E SHilas s miiEidEd 554681
TEMFEEZ b T ENICIRERH D 2 &
DG E o=, Lo, ARIMERZ KR
IZHET 2RO~ 7 A FHEREERE~D
MERIIR 6N o72, £72. ROCKIELE
Hlz AT EMEE R 2T o 7208, BUIERE A AT
RE72E RE S, i P SHIiuD S FRIMERAITHRKAM
k& BINL 5 F TITIETES 2 hvo 72,

5. ERIEARICE
(RFFEREA, WFIEs i R OB 7E4 13T
)

CMERERm L) (BE 3 )

@O Taro Ishigaki, Kazuhiro Sudo, Takashi
Hiroyama, Kenichi Miharada, Haruhiko Ninomivya,
Shigeru Chiba, Toshiro Nagasawa, and Yukio
Nakamura. Human Hematopoietic Stem Cells Can
Survive In Vitro for Several Months. Adv in
Hematol. 2009: 1D936761 (2009)*

@Kenichi Miharada, Takashi Hiroyama, Kazuhiro
Sudo, Inaho Danjo, Toshiro Nagasawa and Yukio
Nakamura. Lipocalin 2-mediated growth
suppression is evident in human erythroid and
monocyte/macrophage lineage cells. J Cell
Physiol. 215:526-537 (2008)*

(@ Naoya Takayama, Hidekazu Nishikii, Joichi
Usui, Hiroko Tsukui, Akira Sawaguchi, Takashi
Hiroyama, Koji Eto and Hiromitsu Nakauchi.
Generation of functional platelets from human
embryonic stem cells 7n vitro via ES-sacs,
VEGF—promoted structures that concentrate
hematopoietic  progenitors. Blood. 111:
5298-5306 (2008) *

A A

PRk GHsih)

(EP)

OFLILFE, SEHR, MBZEHET, TR, En

hanced Production of Hematopoietic Cells fro
m Embryonic Stem Cells by Rho-kinase inhibit
or. 5 9 FIH AFAERFSHRE JAE 201
O#3H18H

@& LM, AR TR L 2B PR,
HIf T ATRED 2 | 2R 8 Bl B AR P AR
& L 200943H6H

OFELPE, —“JFHE—., HAM T, FABEfE, M
ERRRE, PRI, T~ 0 AR DB L
7o ARMERCRRTESMAERE (MEDE P s) OMERko
el 557 ORI H ARIME ks 7 200
8#10A11H

(gsh)
(DTakashi Hiroyama, Ryo Kurita, Naoko Okada,
Naoko Aoki, and Yukio Nakamura. A Rho—kinas
e inhibitor Accelerates Production of Hemato
poietic Cells from Embryonic Stem Cells. I
SEH 38th AnnualScientific Meeting, Athens (S




eptember 10, 2009)

@Takashi Hiroyama, Kenichi Miharada, K
azuhiro Sudo, Inaho Danjo, Naoko Aoki a
nd Yukio Nakamura. Establishment of mo
useembryonic stem cell-derived erythroi
d cell lines able to ameliorate acute a
nemia. ISEH 37th Annual Scientific Meet
ing, Boston (July 9, 2008)

(X&) G2 )

O® L, A=K b4 o TTREM
Ja 7> B O R M ERRTERARAERR DRI, 2 AR
% — 200 84

QFE P, TR KET - B SR
Y RT w7 TE SHaN B OFRMEREE,
¥4 200 84F

6. WFFEMR

(1) WFoefRH
wWil P& (Hiroyama Takashi)
MSTATEOE NGB 20T - MR bt Bk B 6
= - BT E
WFPEE %5+ 50373361




